FLEXI BLE SUBFRAMES BACKGROUND The technol ogy pertains to

t el ecommuni cations, and particularly, to a frame structure and a nethod and
appar at uswbap1igonfssguri ng a frame structure. 5l n a typi ear/iBBI1b/085346 r adi 0
system radio or wireless termnals (al so known as nobile stations and/or
user equi prment units (UES)) comunicate via a radio access network (RAN) to
one or nore core networks. The radi o access network (RAN) covers a
geographi cal area which is divided into cell areas, with each cell area

bei ng served by a base station, e.g., a radio base station (RBS), which in
sone 1lOnetworks may al so be called, for exanple, a "NodeB" (UMIS) or

"eNodeB" (LTE). A cell is a geographical area where radi o coverage is
provi ded by the radi o base station equi pnent at a base station site. Each
cell is identified by an identity within the local radio area, which is

broadcast in the cell. Thelh BLESUBFRANMES over the air interface
operating on radio frequencies with the user 15equi pnment units (UEs) within
range of the base stations. In sonme radi o access networks, several
base stations nmay be connected (eBACKGROBMNDiI nes or nmicrowave) to a radio
network controller (RNC) or a base station controller (BSC). The radio
network control | er supervises and coordi nates varjous activities of the

plural base stathcdRemesgndstiags inigleepymunisationsarns! REEMATR - S0t BAMEol | ers are
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Mobi | e Tel econmruni cati ons System (UMIS) is a third generation nobile
communi cation system which evolved fromthe G obal Systemfor Mbile
Communi eat i ons ( GSMin a pRakcelblagadntydemyradioraaiitslass kswinalreplio kROwBi ng
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net wor kO 2 networks may also be called, for example, a “NodeB” (UMTS) or “eNodeB”

(LTE). A cellis a geographical area where radio coverage is provided by the radio

base station equipment at a base station site. Each cell is identified by an identity

within the local radio areca, which is broadcast in the cell. The base stations

communicate over the air interface operating on radio frequencies with the user

15 equipment units (UEs) within range of the base stations.

In some radio access networks, several base stations may be connected
(e.g., by landlines or microwave) to a radio network controller (RNC) or a base
station controller (BSC). The radio network controller supervises and coordinates
various activities of the plural base stations connected thereto. The radio network

20 controllers are typically connected to one or more core networks.

The Universal Mobile Telecommunications System (UMTS) is a third
generation mobile communication system, which evolved from the Global System
for Mobile Communications (GSM). UTRAN is essentially a radio access network

using wideband code division multiple access for user equipment units (UEs).

25 In a forum known as the Third Generation Partnership Project (3GPP),
telecommunications suppliers propose and agree upon standards for third
generation networks and UTRAN specifically, and investigate enhanced data rate
and radio capacity. The Third Generation Partnership Project (3GPP) has
undertaken to evolve further the UTRAN and GSM based radio access network



technol ogies. The first release for the Evolved Universal Terrestrial Radio
Access Network (E-UTRAN) specification has issued, and as wth nost

speci fi cavpani/a7hssst andard is likely to evol ve. The Evelcyas20umwbisescsal
Terrestrial Radio Access Network (E-UTRAN) conprises the Long Term
Evolution (LTE) and System 5Architecture Evol ution (SAE). Long Term
Evolution (LTE) is a variant of a 3GPP radi o access technol ogy where the
radi o base station nodes are connected to a core network (via Access

Gat eways (AGM)) rather than to radio network controller (RNC) nodes. In
general, in LTE the functions of a radio network controller (RNC) node are
10 distributed between the radi o base stations nodes (eNodeB' s in LTE) and
AGN. As such, the radio access network?(RAN) of an LTE system has what is

sonetines terne "flat" architecture including radio base station nodes
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take place i nadififee@Evolaidd dsaignt |y separated, frequency bands. In Time
Division Duplex (TDD), as illustrated to the right in Figure 1, downlink

and uplink transm ssion 20take place in different, non-overlapping tine
slots. Thus, TDD caloopdcah €volntiomslF)ae afvaeguerfie 3 GPPeadio amgeswher eas FDD
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si mul t aneous| yadiewngtverk ¢pngoHen RNfuglodss. oper ati on (see Figure 1), the
term nal cannot transnmt and receive sinultaneously (although the base
station is capable C}fransélrnr{s%iotnaarr]ﬁcf*gcsépgon from a node, e.g., a radio terminal like a UE
15 in a cellular system such as LTE, can be multiplexed in the frequency domain or in
the time domain (or combinations thereof). In Frequency Division Duplex (FDD),
as illustrated to the left in Figure 1, downlink and uplink transmission take place in
different, sufficiently separated, frequency bands. In Time Division Duplex
(TDD), as illustrated to the right in Figure 1, downlink and uplink transmission
20 take place in different, non-overlapping time slots. Thus, TDD can operate in

unpaired frequency spectrum, whereas FDD requires paired frequency spectrum.

Typically, a transmitted signal in a communication system is organized in
some form of frame structure. For example, LTE uses ten equally-sized subframes
0-9 of length 1 ms per radio frame as illustrated in Figure 2.

25 In the case of FDD operation (illustrated in the upper part of Figure 2),
there are two carrier frequencies, one for uplink transmission (fUL) and one for
downlink transmission (fDL). At least with respect to the radio terminal in a
cellular communication system, FDD can be either full duplex or half duplex. In
the full duplex case, a terminal can transmit and receive simultaneously, while in
30 half-duplex operation (see Figure 1), the terminal cannot transmit and receive

simultaneously (although the base station is capable of simultaneous



reception/transmssion, i.e., receiving fromone termnal while

simul taneously transmtting to another termnal). In LTE, a half-duplex
radi o t erwoOreal1/aTo2s8t or s/ recei ves in the downlink except paman2aupisBe t 1y
instructed to transmt in the uplink in a certain subfrane. 5In the case of
TDD operation (illustrated in the lower part of Figure 2), there is only a
single carrier frequency, and uplink and downlink transm ssions are
separated in tinme also on a cell basis. Because the sane carrier frequency
is used for uplink and downlink transm ssion, both the base station and the
nobile termnals need to swtch fromtransm ssion to reception and vice
versa. An 10i nportant aspect of a TDD systen1is to provide a sufficiently

| arge guard tinme where neither downlink’nor uplink transm ssions occur in
order to avoid interference between uplink and downljnk tr nSﬁl%SionS. For

LTE, special SESPHHEANSIeSTIony aweiﬂ&lﬁa franp ongfisEmingloglile pgiangepsly) provi de
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transm ssi on, respe Vi ans .of |ff ren ownlin lin
cont i gurat s ons. -1 i e it DERPEREE o R e OB BEr By as shown
in Figure 3. thme1sonbmommyendrsrgnmkmqamhdmphmkdmwdﬂwnhnbammﬁﬁmﬁdmmnéink and

upl ik LT ansm sl npuiehsBen, fh LUPRRIL ekl el MM Gkl sicshotd have

t he sane do ﬂg con uration. smssion in
one cel |l may ifCPftUé’lh ua@d mwmindﬁdmsmw&lomm& thes@ﬁ@)ﬁaﬁlqn arddhqyaohidori ng cel |

(and vice ver shimss I?e'éultd s&sﬁm&@ﬁ tﬂaﬂsrﬁ'sﬁé'ﬂiﬁ) écéﬁ’t‘l@ﬁ@n& DRcWPlsh.NKnt r ansmi ssi on
of the UE in the ri

interferin | ink reception by
Che. UEPn 1 he mspanbietiohe D s brdcifh rorbiroly ree 'y does
not vary betm&&mnﬂ&hhawkﬁhﬁnﬂmmnhﬂnkhumMMmMOasmnmehrqdﬂﬁuhv@dration is
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terns of out pyhHIPGRIal sMme is split into three parts: a downlink part (DwPTS), a guard
15 period (GP), and an uplink part (UpPTS). The remaining subframes are either
allocated to uplink or downlink transmission.

Time division duplex (TDD) allows for different asymmetries in terms of
the amount of resources allocated for uplink and downlink transmission,
respectively, by means of different downlink/uplink configurations. In LTE, there

20 are seven different configurations as shown in Figure 3.

To avoid significant interference between downlink and uplink
transmissions between different cells, neighbor cells should have the same
downlink/uplink configuration. Otherwise, uplink transmission in one cell may
interfere with downlink transmission in the neighboring cell (and vice versa) as

25 illustrated in Figure 4 where the uplink transmission of the UE in the right cell is
interfering with the downlink reception by the UE in the left cell. As a result, the
downlink/uplink asymmetry does not vary between cells. The downlink/uplink
asymmetry configuration is signaled as part of the system information and remains

fixed for a long period of time.

30 Heterogeneous networks refer to cellular networks deployed with base

stations having different characteristics, mainly in terms of output power, and



4 overlapping in coverage. The term hierarchical cell structures is used to
refer to one type of heterogeneous network deploynent. One sinple exanple
of a het ewogeneomssnetwork is a nacro cell overlayi ng oRETAB20M@NEE3 CO
cells. A characteristic of heterogeneous networks is that the output powers
of Sdifferent cells (partially) covering the sane area are different. For
exanpl e, the output power of a pico base station or a relay mght be on the
order of 30 dBmor |less, while a macro base station m ght have a nuch

| ar ger out put power of 46 dBm Consequently, even in the proximty of the

pico cell, the downlink signal strength fromthe macro cell can be | arger
than that of the pico cell. 10Cell selection is typically based on received
signal strength, i.e., the UE termnal tonnects to the strongest downlink.

However, due to the difference |n downl i nk t a sion p bet ween
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Fi gure 155 (t erse o S TS rated in dashed
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di st ance bet ween h o these pico
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be reduced compaf @6 ntaerodd@tcah be WM rdhdethhf oftthdpicdEeler e connected to the
macro cell. However, connecting to the best uplink cell is possible, even

if the cell selection is 25based on downl i nk signal strength neasurenents,
by assigni ng diff er &istl selection is typically based on received signal strength, i.e., the UE

terminal connects to the strongest downlink. However, due to the difference in
downlink transmission power between different cells, (e.g., macro and pico), this
does not necessarily correspond to the best uplink. From an uplink perspective, it
would be better to select a cell based on the uplink path loss as illustrated in Figure

15 5 (the inverse of the uplink path loss is illustrated in dashed lines while the solid
lines show the received downlink power from both cells/base stations). If uplink
path loss is used as the cell selection criterion, the UE transmits uplink using a
lower uplink transmit power than if downlink received power is used. This would
be beneficial from a capacity perspective since it allows reuse of the radio

20 resources used by one pico cell-connected UE in another pico cell (assuming a
sufficient distance between both of these pico cells) because the one pico cell-
connected UE’s uplink transmission power (and hence interference) can be reduced
compared to what it would be if that UE were connected to the macro cell.
However, connecting to the best uplink cell is possible, even if the cell selection is

25 based on downlink signal strength measurements, by assigning different
measurement offsets to the different cells.

But connecting to the cell with the best uplink does not mean that the best
downlink is necessarily used. This condition is sometimes referred to as link
imbalance. If the two cells in Figure 5 transmit on the same frequency, downlink

30 transmissions from the pico cell are subject to strong interference from macro cell
downlink transmissions, and in certain regions surrounding the pico base station, it

may not be possible for a UE to receive the transmissions from the pico cell. In



measurenent offsets to the different cells. But connecting to the
cell with the best uplink does not nean that the best downlink is
necessar iw9 2061@d728%hi s condition is sonetines referred POTAB2010/035346

i mbal ance. If the two cells in Figure 5 transmt on the sane frequency,
downlink 30 transm ssions fromthe pico cell are subject to strong
interference frommacro cell downlink transm ssions, and in certain regions
surroundi ng the pico base station, it nay not be possible for a UE to

receive the transm ssions fromthe pico cell. In 5 other words,
macro-to-pico downlink interference prevents the UE fromreceiving fromthe
pico cell. Sol vi ng the uplink-downlink inmbalance is inportant in

het er ogeneous networks. A sinple solutidn is to operate different

overl apping cells or cell 5"layers" op.different (sufficiently separated)

frequenci es. EIHE" ABpISORAFOTIAP odsyighintaerecdreaidht UF AREFENEE cannot
be used for diffofethepicoaell]l |ayers is to enploy uplink desensitization by

decreasing the receiver sensitivity in the pico base station such that the
uplink and downlink cell boundaries coincide, i.e., the shaded area in
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pico cell at the cost of using a higher received power target in the pico cell.

Accordingly, time division duplex (TDD) networks use a fixed frame
15 configuration where some subframes are uplink and some are downlink. This
prevents or at least limits the flexibility to adopt the uplink/downlink resource
asymmetry to varying traffic situations. Heterogeneous deployments typically
separate the cell layers in frequency, which comes at a cost in terms of the
spectrum required or the use of desensitization to mitigate the link imbalance
20 problem, which artificially decreases uplink performance.

SUMMARY

The technology disclosed herein provides the ability for a subframe to be
configured as a “flexible” subframe. As a result, at least three different types of
subframes in a TDD system may be configured: a downlink (“DL”) subframe, an

25 uplink (“UL”) subframe, and a “flexible” subframe.

One non-limiting aspect of the technology relates to a radio network node
in a radio communications network and a method related thereto. Data for or from
a frame structure is processed that includes one or more downlink subframes
preconfigured as a downlink subframe, one or more uplink subframes

30 preconfigured as an uplink subframe, and one or more flexible subframes, where a



The technol ogy di scl osed herein provides the ability for a subfranme to be
configured as a "flexible" subfrane. As a result, at |least three different
types of wokbriznotessi n a TDD system may be configured: aPdoaB2o1ovks5646DL")
subframe, an 25uplink ("UL") subfranme, and a "fl exible" subfrane.

One non-limting aspect of the technology relates to a radi o network node
in a radio communi cations network and a nethod related thereto. Data for or
froma frane structure is processed that includes one or nore downlink
subframes preconfigured as a downlink subfrane, one or nore uplink

subf rames 30preconfigured as an uplink subfrane, and one or nore flexible
subfranmes, where a 6 flexible subframe is dynamically allocated to be an
upl i nk subfrane in one instance of a fr@ane and a downlink subframe in

anot her frane .in r mat i ener at ed radi.o term nal
i ndi cati ng ho@/efl%t? Eﬁﬁl@ef W%aﬁgﬁhmageq tﬁtbs@5&1@[1%@%&@@%%8%@%%

flexible subf paMBameAnt §ABIWHEAK SRFRIEER aARHePERRESSGRCL NRfopBfi ABL T ONn sent
by the radio termnal in a flexible subfrane, and a transmtter transmts

i nf or mat i on i gererdodriankdiditerencnal mdlmlng@ow thet @xdioubenm@dlﬁﬂlpalﬂenta@r@t adownl i nk

subfranme. The_ base stn?trl on Xlﬁges Hm 0. Lerm nal corrrryergltcat e using
time d|V|S|on§Fu R N - ?ﬁnﬁn‘é fgr%fé 5%80 i AT }ﬁe radi o

net wor ks node hﬁemdmngeﬁ b thdradideirginbIoh ia T xS ubSitaaic] Ol 4 MARATAET On about
i nt ended usage of the one or nore flexible subfranes to avoid inter-cell

i nterference, transmits informaen iy sk W eRiardlg dexikle SUbfermq @ t o a macro
cell in whichy ﬁwﬂfnﬁpsu%%lne' Fhb B&&ts?ﬂlontapﬁ?exﬁ%@g%g%{b@ gﬁ?ﬁ’ Joﬁ{m‘%h@at@we to

determ ne whether transmtting usin I'n the nmacro cell
will interfer asmghl’netdlasnsmdapllemn in the 15pico cell. The flexible subfrane
may be used for either uplink or downlink transm ssions when there is no
need to protect transm ssions in the pico cell during the flexible

subfr ane. In a non-limiting example embodiment, the radio network node

10 exchanges with a neighboring base station information about intended usage of the

one or more flexible subframes to avoid inter-cell interference.

If the radio network node provides service to a macro cell in which a pico
cell is located, then one option is for the node to determine whether transmitting
using a flexible subframe in the macro cell will interfere with transmission in the

15 pico cell. The flexible subframe may be used for either uplink or downlink
transmissions when there is no need to protect transmissions in the pico cell during

the flexible subframe.

In a non-limiting example embodiment, the radio network node generates
information for a radio terminal indicating when a particular flexible subframe
20 should be interpreted or used as an uplink subframe and to instruct the transmit
circuitry not to transmit information using the particular subframe. For example,
the information indicating when a particular flexible subframe should be
interpreted or used as an uplink subframe may be transmitted in a subframe prior to

the particular flexible subframe.

25 One example implementation may transmit feedback signaling only in an
uplink or downlink subframe, but preferably not in a flexible subframe. Another

example implementation provides for processing information for legacy radio



In a non-limting exanple enbodi ment, the radi o network node generates
information for a radio termnal indicating when a particular flexible

subf rame RO02howd7@sBe i nterpreted or used as an uplink seofnawao/essd4d o
instruct the transmt circuitry not to transmt information using the
particul ar subfranme. For exanple, the information indicating when a
particul ar flexible subframe should be interpreted or used as an uplink
subframe may be transmtted in a subframe prior to the particular flexible
subfrane. 250ne exanple inplenentation may transmt feedback signaling only
in an uplink or downlink subframe, but preferably not in a flexible
subfrane. Anot her exanpl e inplenentation provides for processing
information for legacy radio 7 termnals without informng | egacy radio
termnals of the one or nmore flexible subframes. Yet another is to vary use
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subscriber 5radio termnal and its operation in a radi o conmuni cations

net wor k. Agai agcoddanae fvath agictetedrinadiif damamdst ruct ure is processed that
i ncl udes one or nore downlink subfranes preconfigured as a downlink
subfranme, one or nore uplink subfranes preconfigured as an uplink subfrane,

and one or nore fl exinether seibtimaliisaspoiiof tedeghngloiglh rdatesbsf g sbppcriber
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processes i nf ésrifiodna seme shyctarciap®csdsad ihanincdes ddeext inbdre dswhlinkanme, and a

transmtter transmts information_in an uplink direction using.a flexible
subframe as aSUPIFMR PEGFER %lﬁ?éé a%éowﬁmkosugéwme PTG B@éﬁ‘\ﬁégg?‘mﬁ%y
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fl exible subframe should be interpreted or used as an uplink subframe and
t hen transnit flexbbrswhiraimn it dynaimecalz sBosteat to dn ansiphigk subdrapmrin oseiinatance

subfrane. For ex |le of the forner, the infornmation can be received in a
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of the latter an@plocéds@XinbrRatotbichaBESs bARYstNRON S & HIeRBlcAsbEaMS] dndla f r ames
transmitter transmits information in an uplink direction using a flexible subframe

as a uplink subframe.

The radio terminal may receive or may already be configured with
15 information indicating when a particular flexible subframe should be interpreted or
used as an uplink subframe and then transmit information to the base station using
the particular subframe. For example of the former, the information can be
received in a flexible subframe prior to the particular flexible subframe. In an
example of the latter, all flexible subframes may be assumed as downlink frames
20 unless specific information is communicated to the radio terminal indicating that a

particular flexible subframe should be interpreted or used as an uplink subframe.

As above, the radio terminal may also transmit feedback signaling only in
an uplink or downlink subframe and not in a flexible subframe and/or vary use of

one or more flexible subframes in accordance with traffic demand.

25 In a non-limiting example implementation, information may be
transmitted directly to another radio terminal thereby bypassing the base station

using one or more flexible subframes.



20unl ess specific information is communicated to the radio term nal
indicating that a particular flexible subframe should be interpreted or
used as awmoupliatkesgsubfr ane. As above, the radi o rernBrad/oisas al so
transmt feedback signaling only in an uplink or downlink subfranme and not
in a flexible subfranme and/or vary use of one or nore flexible subfranes in
accordance with traffic demand. 25In a non-limting exanple inplenentation,
information may be transmtted directly to another radio term nal thereby
bypassi ng the base station using one or nore flexible subfranes. 8 BRIEF
DESCRI PTI ON OF THE DRAW NGS Figure 1 illustrates frequency division
dupl ex, hal f-duplex frequency division, and tinme division duplex

transm ssions. Figure 2 illustrates upl$nk/downlink time/frequency

structure for LTE SSeparatelé in the case of fre uenCﬁ di vi si on dupl ex
(FDD) and time divisi &R% @RE)BF.ION OF TH ¢Sa di agram

illustrating as an exa of seyen different downlink/ upli.nk
configurations for &ﬁﬁgpg$9P§W8ﬁﬁﬁﬁﬁpﬁ&d?ﬁ%ﬂ%dqﬂ%*thﬂgﬁﬁg¢§¢¥§ﬂﬁnﬁ¥ion (LTE).
10Fi gure 4 il divsdiorated tiar devisiopldeplof trageniisdidrdown! i nk (UL/ DL) interference

in time division duplex (TDD). Figure 5 illustrates an exanpl e of

uplink and downlink coverage in a m xed cell scenario.
Figure 2 1lTustrates uplink/downlink time/frequency structure for LTE

5 separately in the case of frequency division duplex (FDD) and time division duplex
(TDD).

Figure 3 is a diagram illustrating as an example of seven different
downlink/uplink configurations for time division duplex (TDD) in Long Term
Evolution (LTE).

10 Figure 4 illustrates an example of uplink/downlink (UL/DL) interference
in time division duplex (TDD).

Figure 5 illustrates an example of uplink and downlink coverage in a

mixed cell scenario.

Figure 6 is a flowchart illustrating non-limiting, example procedures for a

15 base station in a communications system employing flexible subframes.

Figure 7 is a flowchart illustrating non-limiting, example procedures for a

UE terminal in a communications system employing flexible subframes.

Figure 8 is a non-limiting example function block diagram of an LTE
cellular communications network in which flexible subframes as described herein
20 or encompassed hereby can be utilized and in which inter-cell coordination
messages may be sent between eNBs over the X2 interface;

Figure 9 illustrates, from the perspective of a UE terminal, a non-limiting

example scenario using flexible subframes.

Figure 10 is a non-limiting example illustrating signaling of flexible

25 frames.



Figure 6 is a flowhart illustrating non-limting, exanple procedures for a
15base station in a comruni cati ons system enpl oyi ng fl exi bl e subfranes.
Figure 7 we 2a11fd7oae8hart illustrating non-limting, exampCe/l1proeetssdses for a
UE terminal in a comuni cations system enpl oying flexible subfranes.

Figure 8 is a non-limting exanple function block diagramof an LTE

cel lul ar communi cations network in which flexible subfranes as descri bed
herei n 20or enconpassed hereby can be utilized and in which inter-cel

coordi nati on nessages nmay be sent between eNBs over the X2 interface;

Figure 9 illustrates, fromthe perspective of a UE termnal, a non-limting
exanpl e scenario using flexible subfranes. Figure 10 is a non-limting
exanple illustrating signaling of flexible 9 Figure 11 illustrates

an exanple interference mtjgation technique_.that may be used
het er ogeneous net wor k&g | tﬂugﬁﬁ%%ewmpﬁeeﬂ%&sfer%f: THREBRAS RIS M e at | ons
in different aelylbelaykingeterogencous netwdrkgthaesmpldds difidreh?Bplatkedovaninki m ti ng

exanpl e functi | ock @i 5 a base station and a UE term nal for
use in a connﬁﬁ&@g?ﬁ%%égﬁggéggﬁ1@%EVhich fl exi bl e subfranes as descri bed

herein or enconpassed hereby can be utilized. DETAI LED DESCRI PTI ON
Figures 12A and 12B are non-limiting example function block diagrams

5 of a base station and a UE terminal for use in a communications network in which

flexible subframes as described herein or encompassed hereby can be utilized.

DETAILED DESCRIPTION

In the following description, for purposes of explanation and not

limitation, specific details are set forth such as particular architectures, interfaces,

10 techniques, etc. However, it will be apparent to those skilled in the art that the
technology described here may be practiced in other embodiments that depart from
these specific details. That is, those skilled in the art will be able to devise various
arrangements which, although not explicitly described or shown herein, embody
the principles of the technology described and are included within its spirit and

15 scope. In some instances, detailed descriptions of well-known devices, circuits,
and methods are omitted so as not to obscure the description with unnecessary
detail. All statements herein reciting principles, aspects, and embodiments, as well
as specific examples thereof, are intended to encompass both structural and
functional equivalents thereof. Additionally, it is intended that such equivalents

20 include both currently known equivalents as well as equivalents developed in the
future, i.e., any elements developed that perform the same function, regardless of

structure.

Thus, for example, it will be appreciated by those skilled in the art that
block diagrams herein can represent conceptual views of illustrative circuitry
25 embodying the principles of the technology. Similarly, it will be appreciated that
any flow charts, state transition diagrams, pseudocode, and the like represent
various processes which may be substantially represented in computer readable
medium and so executed by a computer or processor, whether or not such

computer or processor is explicitly shown.

30 The functions of the various elements including functional blocks labeled

vh N1

or described as “computer”, “processor” or “controller” may be provided through



In the foll ow ng description, for purposes of explanation and not
limtation, specific details are set forth such as particular
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Lo be ynderstood 2 hel o, SOMPULEL S SELETEDLEd S0 LINE, g
one or more subframes is flexible because they are not declared or configured in
advance as being an uplink subframe or a downlink subframe. This technology is
advantageous for example in time division duplex (TDD) based systems, but is not
limited to TDD. In other words, a flexible subframe can used for uplink or

20 downlink transmissions as needed or desired. To avoid inter-cell interference like
the example shown in Figure 4, neighboring cells without sufficient inter-cell
isolation preferably should not have contradicting usage of the flexible subframes.

Appropriate flexible subframe use may be directed using inter-cell

coordination mechanisms where the cells exchange information about their

25 intended usage of the subframes. Base stations can exchange information about
their intended usage of the flexible subframes. Consider the example in Figure 4
with cells 1 and 2 controlled by base stations BS1 and BS2, respectively, with
mobile station MS1 is located in cell 1 and mobile station MS2 in cell 2. BS1 may
inform BS2 that BS1 intends to use a flexible subframe for uplink transmission

30 from MS1 located close to the cell border between cell 1 and cell 2. BS2 may use
this information to avoid scheduling downlink transmissions in the same flexible
subframe as this could cause interference to BS1 reception of MS1 and/or the
uplink transmission from MS1 could interfere with downlink reception by MS2 in



10"controller" shall also be construed to refer to other hardware capable
of perform ng such functions and/or executing software, and may i ncl ude,
wi t hout Iwoi2bati7e288 di gi tal signal processor (DSP) hardraerap2meoissed
instruction set processor, hardware (e.g., digital or analog) circuitry,
and (where appropriate) state machi nes capabl e of perform ng such
functions. 15The technology in this application introduces flexible

subf rames where one or nore subfranes is flexible because they are not

decl ared or configured in advance as being an uplink subfranme or a downlink
subfranme. This technol ogy is advantageous for exanple in tinme division
dupl ex (TDD) based systens, but is not limted to TDD. In other words, a
fl exi bl e subframe can used for uplink di 20downl i nk transm ssions as needed
or desired. To avojd.ipter-cell interference |jke the example shown in
Figure 4, nei g‘ﬂg?orNﬁ@hg%qurgsceﬁ#P%Eﬁor@aﬁtﬁiﬂaqlrelmlmi@@éﬁnﬁeléwagre I SHAHe,
preferably shont chdivofrahaireadvamde! aitlice by Rgying age diftribined flgexihal e subf r anes.
Appropriate flexibl ubf r b [ Fec Si inter-cell

coordi nation Hrgﬁlﬁglﬁﬁtseﬁrsﬂp%ﬁgﬁergﬁzagﬁ%{w%&é%&%gvr‘f%rgqﬁfmeocg grell X%gﬁg%(gtgﬁt their
25i nt ended usagbloss, or he rdping vamesnirBaeerdstagivn onde vwh aex cdagmtpsodraé or mat i on
about their inplanded usage of the flexible subframes. Consider the exanple
in Figure 4 with cells 1 and 2 controlled by base stations BS1 and B52,
respectively, with nobile station M5l is located in cell 1 and nobile
station Mb2 in cell Fur@6ls alywechariatinstiabag nbadinBSie, iendrepld praceodwsefaa a

fl exi bl e subf pl 1SS : I se. to the
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avoi d schedul theagosipliomprosesatssistasior emsomm fravee Yaerirg thakingludesensterane as
this could causge is\WRIHkeuBRERed, ApRklsubBarRt, 200 fRkibMShbaafkeo(stdphE ) upl i nk
transm ssi on &LOH] I\/ngt.coulej interfere with .ﬂ&\)/ml i nﬁ rggeptglhﬁn.]%tg 2in 11
ce112. 1 Rei ghbdPF REFectation PEARraRly dha rgharee et bashp FERRISRINRIETRRIIESEYE, for
exanpl e, one imfdinmtionabheutiinteatbdanag, ofdlaxibde subyranmek,yd. qigtoanod idiestell but ed

al gorithm i npl ' | . i . re: t he cell
| ayout and thgﬁ%@%}hfcgs(g?p §?Fb@f%§§ﬁf5 Cgﬁl@nz%%drtgw_ec%%?glla%@ts:ﬁ%%l%ode such
as a radi o red@titehabimgAddmow how fo infrpyeirand®riuge Hexiblgwabizanaesi (sepsPrat i ng

non-1imting, FeXatRipt, MOsREHaEs MAY séhdR3PBCis hidiiafiR rbltcd sERIRUS HHAYE ONS
t he base station processes

system enpl oying fle | e subfranes. Initially,

data 1o or t pBfpatE it B o i pie d BacrS g R Hown! | nk

subf rames, uphssnkpsuoi abaoeexplandsigdatxichitiag sufiéxibleBsbffatap ESiehtually, the
base station receives and processes information sent by a UE in a flexible subframe
used as an uplink subframe (step S4). Also eventually, the base station sends

downlink information in a flexible subframe (step S5).

20 Figure 7 is a flowchart illustrating non-limiting, example procedures for a
UE terminal in a communications system employing flexible subframes. Initially
or on an ongoing basis, the UE receives information from the network (from or via
a base station) regarding how to interpret and/or use flexible subframes (step S10).
Based on the received information, the UE transmits information in the uplink

25 using one or more flexible subframes in addition to transmitting information in the
uplink using one or more preconfigured uplink subframes (step S12). Also, based
on the received information, the UE receives information in the downlink on one or
more flexible subframes in addition to receiving information in the downlink on

one or more preconfigured downlink subframes (step S14).

30 With respect to inter-cell communication/coordination referred above,
one way of accomplishing it is as an extension of inter-cell interference

coordination provided already in LTE Rel-8. InterCell Interference Coordination



10The base station preferably may exchange wth base stations of

nei ghboring cells informati on about intended usage of flexible subfranes,
e.g., towoand/i7mser-cell interference (step S2). | nfor maTiiB10/855346
comuni cated to the UEs in any suitable way to that the UEs know how to
interpret and/or use flexible subframes (step S3). For exanple, the base
station may send explicit subfrane related signals to the UE 15and/or the
UE may be programred in advance to operate based on certain assunptions
absent explicit signals relating to flexible subfranes. Eventually, the
base station receives and processes information sent by a UE in a flexible
subfranme used as an uplink subfranme (step S4). Al so eventually, the base
station sends downlink information in d2flexible subframe (step S5).

20Figure 7 is flowchart illustrating non-limting, exanple procedures for
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information, the UE receives information in the downlink on one or nore

flexibl e subf PeitEssiarmeRitivianehert d hew eemnipupigaieifidy bage Fafionsnraf¢ecddewh| i nk on
one or nore piggonf, f&ﬁer‘élﬂ‘gg'lﬁt@#%ac%“bﬁhe%m%% céﬁ‘irgcﬂlé%)cro Zﬁ%%}c'?? ERBPect to

inter-cell connunlcatlon/coor ination referre ove, one
acconpllshlngﬂmtcmanmﬁwamcﬁxmanXRQHmﬁkelﬂhemqnmfbdlnterference coordi nation

rovided already in. LTE Rel-8..InterCell Interference Coordination 12
FI O in LTEC?ééEl“ng"éﬁ“V‘é‘?r%‘Hatﬂ%mﬁsé%“ﬁ%ﬁ“ﬂ%??é‘o’é& AR ﬁaserﬁéaégoaé%s over

the X2 phnterf ag@herfta@lisifich, AWty ﬁfmu@ff@fﬂg)hﬁ selﬁe'agnﬁgm&f/om kl&oppsed
comuni cati ons system The core network nodes include one or nore Mbility

Managenent EntiapinaissigmviVigpicalln thieesregommendativpeerctvalid uhiel furltEeratwe@ sApet wor k,

and one or MOL& 5?&'{ \Gtﬂg’m%-ceﬂa% nf Cg‘ét\ﬂ)n/c orﬁma Oﬁj}n%ss%nd I’bW?dcij d%?er data
packets whi | e® an a8 A Nob y aNEn ca h base

stations, ref ewoadt ﬂo@ ﬂenbleEEbﬁsrn@\lBg., uﬁﬁ@mng mhﬁlthd smggésha@ @ fol hepeeNBS can
include macro and mcro eNBs that comuni cate over an X2 interface. These
inter-cell cofgiRlccHP{t®REcoor di nati on nessages are suggestions from one
base station to l1l0another base station, possibly influencing the scheduling
n r UL an r DL
and/o 1? and/o One non-limiting example way that flexible subframes can be controlled
from a UE perspective is for a UE to receive all flexible subframes in the downlink
(they could include downlink data as well as control signaling like that which
controls uplink activity) except when the UE is explicitly instructed to transmit in

the uplink, as illustrated in example manner in Figure 9.

20 In the first flexible subframe in the example of Figure 9, the radio
terminal UE receives downlink control signaling, and if the terminal detects it 1s
the intended receiver for this control information, it follows the received control
signaling. The control signaling could (for example) indicate that downlink data
transmission should be received in the same subframe, or that the terminal should

25 transmit in a later subframe.

In the second flexible subframe in the example of Figure 8, the terminal
has been instructed to transmit in the uplink. Hence, the wireless terminal will not

receive any downlink transmissions in this particular subframe. The instruction to



transm ssion. Typically these recommendations are valid until further
notice. An extension to the inter-cell comuni cation/coordi nati on nessage
may be aowledotim7azssount for flexible subframes, e.g., i mrdiraptoegssBévat the
suggestion is for a specific flexible subframe. 150ne non-limting exanple
way that flexible subfranes can be controlled froma UE perspective is for
a UE to receive all flexible subfranes in the dowlink (they could include
downlink data as well as control signaling |ike that which controls uplink
activity) except when the UE is explicitly instructed to transmt in the
uplink, as illustrated in exanple manner in Figure 9. 20In the first

flexi ble subframe in the exanple of Figure 9, the radio term nal UE

recei ves downlink control S|gnallng, and if the termnal detects it is the
i nt ended recelver for this con i nfaormation, ol | ows. the received
control si gnaffRgIL i eealmlmui%@ﬁwm@ga %af(e%wf Fibgranhidi cat e t hat
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the termnal should 25transmit in a | ater sub frane. In the second
f1 exi bl e subf raneed in 2 hevexamgifensf Fi gure 8, the terminal has been
instructed to transmt in the uplink. Hence, the wireless termnal wll not

receive any downlink transmissions in this particular subfranme. The
instruction to 13 tlhaabenctdeperition copdermire Erurad sosidsisnixeblpautifipmee f or m
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signaling as a ceived rane. e above
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Fl exi bl bf |'so b ed with traditj taticall
21 Focat e upl PIRAEAGPUERAN fovdGraToss HpgERans DGR pugmes. Ths -
sem -stati cal k&mﬁ%h@&%%x rr%bp&a%qug%l thﬂfca?l%ﬁB@a‘i‘&ﬁsu%hQﬁQs ek the

fl exi bl e subfranes. his conmbination of flexib | ocat ed and
sem - stat|calBywaﬂbeméhedﬁsﬂbfm@nmbsﬁk@emmMQemeawnd@neﬁﬂMyethngnmmt

provid t he possi bil it extend n existing,time, 10divi sion
R B [ T TR A i R M R R R T
abl e to handl @bl%'t@ﬁérﬁlﬂ@ﬂ@ulﬁlfersﬂtﬁfﬁa&mesuﬁﬁ th&i@adifidshl upPiledndudwnlikk and downl i nk
subfranes, while newer termnals can al so use the flexible subfranes.

Second, it cafulfeanisnwhileneyer teyntinplecysrabarse Hecoflardblp pifiangsd Sagindnik
subf ranes, e. Qanbéﬁen%ﬁaaﬁ%‘qavéy%gé‘iﬁed’a O RITRE bf mﬁsubgﬁf?é(ﬂlé’see or, r andom

access. Thlrd sem-statica ocating so Panes t&°be flexible
and dynam cal krgnsahil G&nh mjommren bhépiobide for random access. Third, semi-statically
15 allocating some subframes to be flexible and dynamically allocating some flexible
subframes for uplink and downlink transmissions also benefits control signaling
design. In many systems, data received in one transmission direction should be
acknowledged by transmitting a signal in the other direction. One non-limiting
example of this is hybrid-ARQ acknowledgements in LTE. Since uplink
20 transmissions cannot occur in downlink subframes, (and vice versa), hybrid-ARQ
acknowledgements are “postponed” until the next possible uplink subframe. In
one example embodiment, these rules may apply only to semi-statically allocated
downlink and uplink subframes. Flexible subframes are free to provide feedback
signaling in either direction. In a preferred example embodiment, feedback may
25 only be sent in uplink or downlink subframes and not in flexible subframes. In an
alternative example embodiment, feedback is sent at a first possibility, i.e., an UL
subframe or flexible subframe dynamically used for uplink transmission, and and
similarly, in the downlink direction, a downlink subframe or flexible subframe

dynamically used for downlink transmission.



subframes for uplink and downlink transm ssions al so benefits control
signaling design. In many systens, data received in one transm ssion

di recti orwehoulid7i38 acknowl edged by transmtting a si gn&CTilR2016vessatéher
direction. One non-limting exanple of this is hybrid-ARQ acknow edgenents
in LTE. Since uplink 20 transm ssions cannot occur in downlink subframes,
(and vice versa), hybrid-ARQ acknow edgenents are "postponed” until the
next possible uplink subframe. In one exanpl e enbodi nent, these rul es may
apply only to sem -statically allocated downlink and uplink subfranes.

Fl exi bl e subfranmes are free to provide feedback signaling in either
direction. In a preferred exanple enbodi nent, feedback nay 25only be sent
in uplink or downlink subframes and notl4in flexible subfranes. In an
alternative exanpl nt, feedback i.s sent_at first possibility,
i.e., an UL subfranﬁf‘d‘ﬂq?ﬁ fagics cay by ransenit ’Qriil@é‘ima)%éf‘é’éilll? r-&aptSi nk

transm ssion, papdf %@f&nﬁn@%&rﬁﬂhbﬂ whibh b dVRnh 3k r di g ldkOmplink, gownl i nk
subfranme or fPeX|b I"'e subfrane dynanlcally used for downlink transm ssion.
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to receive transm ssions fromthe pico cel|] as described in.the background
section above paEHEsYR bpkginsH Ipse W@éﬁsw‘@ foruukdepsmisgonhid iptrugise ér i n

Figure;8). Usypgo 8 fca80tatiH {Rkafgwnl i nk allocations in the macro and

In a heterogeneous network, interference from the macro cell can limit the

possibility for the terminal to receive transmissions from the pico cell as described
in the background section above (see the region between the UL border and the DL
border in Figure 5). Using different uplink-downlink allocations in the macro and

20 the pico cells as illustrated in Figure 11 provides one possibility to mitigate this in
a TDD system. In the macro cell, one or several subframes is allocated for uplink
transmission but preferably not used as such for uplink transmissions by terminals
connected to the macro cell. In the pico cell, these subframes can advantageously
be used for downlink transmissions. Since there is no transmission from the macro

25 cell in these subframes, UE terminals connected to the pico cell will not experience
any macro cell interference and can therefore receive the transmissions from the
pico cell. Using flexible subframes in this situation can improve resource usage.
A flexible subframe in the macro cell provides an “interference-free” subframe in
the pico cell. This allows the macro cell to use the flexible subframe (for either

30 uplink or downlink transmissions) when there is no need to protect transmissions
in the pico cell, thereby providing a more dynamic resource sharing between the

macro and pico cell.



20 the pico cells as illustrated in Figure 11 provides one possibility to
mtigate this in a TDD system In the macro cell, one or several subfranes
is all ocaveaofior772sgl i nk transm ssion but preferably not Pa3aB20ae0336h for
uplink transm ssions by terminals connected to the nacro cell. In the pico
cell, these subframes can advant ageously be used for downlink

transm ssions. Since there is no transm ssion fromthe macro 25cell in

t hese subfranes, UE term nals connected to the pico cell will not
experience any macro cell interference and can therefore receive the
transm ssions fromthe pico cell. Using flexible subframes in this
situation can i nprove resource usage. A flexible subframe in the macro cel
provides an "interference-free" subfran® in the pico ceII This allows the
macro cell to use the flexible subfrane (for eithe R k .or downlink
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in which flexiBle subfTames as escrl erein or enconpasse ereby can
be utilized. FTmdinghes @fralmie/@nbfmn@;tﬂhmhﬂercfé)t\élslcmw@m@pemthmf@ UE termnal s
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configured to inp Een exible su Seaccor 0 ohe or nore of the

exanpl e enbod amndlgg thegrerdr neate hétheuenampls|en@>0tlmenlsrﬁelsgicieldlheresm bEsiaghe
coordi pat or 3ZexibReubiANBLSsIL R Stﬁgﬁgﬂlle%ﬁbéﬂnéj%@ﬂﬂbmdé@@hﬁﬁkssum ranmes

of a frane are _to be designated as Tl exi bl e subfranmes, and controls
signal i ng so Mhgh S&Bfrm%%fea 539 prs{o a?uaew&qd@ééleﬁ@hﬁ%maméﬁstand whi ch

subframes arechhieid pealighd inBsth bikesthiaseandtvakdlen (@html ungdrstgedwhicpi cal
ant nas 1522 connected to the base station node

base station h
vi a antenna péqﬁ%mﬁﬁa“ﬁ@%ngéﬂ3¥P§ﬁ3|S are processed in uplink signal

processing circuitry 26 to convert the received signal to baseband. The

signal handl er 28 exteagdeSstdtioa S ihdl0MBsttARcd Bag @faﬁf&nbﬁﬁﬂmmkesmaﬁiasfor
proce55|ng by he fraa§ ﬁygfrane schgduler 32. The nme/s bfrape schedul er
feadome

30 and’subfra RS PNOdE AR RBTLS n BIVOE SENASEIP one or

nor e processed in uplink signal processing circuitry 26 to convert the recewed signal to
baseband. The signal handler 28 extracts frames from the received baseband signal
for processing by the frame/subframe scheduler 32. The frame/subframe scheduler
30 and subframe generator 34 can be computer-implemented, e.g., by one or more
20 processor(s) or controller(s). A computer 12 is shown with a memory14 that
includes RAM 16, ROM 18, and application programs 20.

The UE wireless terminal 40 in Figure 12B includes a subframe generator

70 so that wireless terminal 40 can generate subframes on the uplink (UL) for those
frames which are understood to be uplink (UL) subframes, either by permanent

25 designation or as being flexible subframes which are understood from signaling or
otherwise are to be used for uplink (UL) transmission. The subframes from the
subframe generator 70 are provided to uplink processing circuitry to convert the
baseband information into an RF signal which is routed via one or more port 64 to
one or more antennas 62 for transmission over the air interface to the base station

30 10. Downlink signals are received via the one or more antennas 62 and conveyed
via the one or more ports 64 to downlink signal processing circuitry that converts
the RF signal into baseband. The baseband signal is then provided to signal frame
handler 68 for downlink subframe processing in accordance with preconfigured



20processor(s) or controller(s). A conmputer 12 is shown with a nenoryl4
that includes RAM 16, ROM 18, and application prograns 20. The UE

wi rel ess wernimar2s40 in Figure 12B includes a subfrane gemaBatenss3®kh so t hat
wirel ess term nal 40 can generate subfranmes on the uplink (UL) for those
frames which are understood to be uplink (UL) subfranes, either by

per manent 25desi gnation or as being flexible subframes which are understood
fromsignaling or otherwise are to be used for uplink (UL) transm ssion.
The subfranes fromthe subfrane generator 70 are provided to uplink
processing circuitry to convert the baseband information into an RF signal
which is routed via one or nore port 64 to one or nore antennas 62 for
transm ssion over the air interface to fhe base station 30 10. Downlink
signal s are received vi.a the one or nore antennas 62 and conveyed via the
one or nore pSP‘fvghlgaSliégaaﬂswq WRS%@%‘%}FS %@@@ééﬁﬁgnaé?cfwmeqtﬁ converts
t he RF si gnal dowhiinkadéhans. The baseband signal is then provided to signal
frame handl er 68 for downlink subframe processing in accordance with
preconfigured 16 downlink subframes and those flexible subfranes

desi gnat ed or assumgdcsignpldraespandisk 68 apd pultiasne generator 7§gan B¢ go1aPULEt ane
handl er 68 anﬂnﬁl@&feﬁt@m.g,etsseds@(?rml?ﬂ@ pﬁ%@;s'@ﬁ(sﬁ&%ﬁfr@lﬂer{sﬁfgk %@42% 9i 3 by
one or pore processor(s) or rolle : c r i.s 5shown wi a
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wi rel ess ter mprigramai0. dl'lsowireledsuckmihylpnayadlscuselude typernaf aece msafqonent s |i ke a
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out put 60, ExaanpyTRE B ICYhRE, ahdBHini s, LY FpuPH Bl B 3R, B

i ncl ude but 10u¢ie Rt 6G.mited to flexible UL/DL asymmetry, neasurenent
operations, UE-to-UE conmunication, and base station di scontinuous

transm ssion (DTX). Elexjhl e subfranes allow rapid, change of. th / DL
hsymmtry to weer vERTRY Renadt And R sGontLE LS RE AR nb 0 bl oy
enhancéd whenasowplisdicdia fexiblicdfl-/Dél dsymowstroli measimens opkesiemisbél-tathBve. For

measur enent  0peLAlhRAfor, SndbaseSPRBh KT ARSASI-AGhissidiq D)t §idimal cannot
expect any downlink transmssjion in flexihle .
subframes allow rapid change of the UL/DL asymmetry to meet varying traffic

demands. This benefit may be further enhanced when coupled with inter-cell
coordination as described above. For measurement operations (e.g., spectrum

15 sensing), the UE terminal cannot expect any downlink transmission in flexible
subframes and can therefore not use flexible subframes determining channel
measurements on the system the UE is connected to for these flexible subframes;
but, the UE may still measure on downlink transmissions on other systems that do
not use flexible subframes. Because flexible subframes are not preconfigured as

20 either uplink or downlink subframes, flexible subframes may be used for UE-to-
UE communication. And since the UE terminal cannot expect any downlink
transmission in flexible subframes, the base station can, if desired, switch off the
transmission in those flexible subframes, e.g., to improve the base station energy
efficiency or to provide forward compatibility with future enhancements.

25 However, given that the UE terminal may attempt to receive control signaling in
flexible subframes, the base station can on a per-subframe basis determine whether
a subframe should be DTX’ed or not, which in other words is dynamic adaptation
of the number of DTX’ed subframes. An alternative approach of semi-statically
allocating bland subframes or near-blank subframes such as MBSFN subframes in

30 LTE Rel-8 is less flexibile.

Although various embodiments have been shown and described in detail,

the claims are not limited to any particular embodiment or example. None of the



subfranmes and can therefore not use flexible subframes determ ning channel
nmeasurenments on the systemthe UE is connected to for these flexible

subf r aneswolti/o7rise UE may still measure on downl i nk tr@&osaBygi/esssscon ot her
systens that do not use flexible subfranmes. Because flexible subfranes are
not preconfigured as 20either uplink or downlink subfranes, flexible
subfranmes nmay be used for UE-to- UE conmuni cation. And since the UE

term nal cannot expect any downlink transmission in flexible subframes, the
base station can, if desired, switch off the transm ssion in those flexible
subfranmes, e.g., to inprove the base station energy efficiency or to
provide forward conpatibility with future enhancenents. 25However, given
that the UE termnal nmay attenpt to redédive control signaling in flexible
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embodiment, feature, component, or step is recited in the claims.



18 CLAI M5 1. Anethod for a radio network node (BS, eNB) in a radio
communi cati ons network, characterized by: processing, with electronic

ci rcui trywQ2a11/00428830, 34), data for or froma 5 framnmePsTnBuiynEs3tchat

i ncl udes one or nore subfranes preconfigured as downlink subfranes, one or
nore subfranes preconfigured as uplink subfranmes, and one or nore flexible
subfranmes each dynamcally allocated to be an uplink subfranme in one

i nstance and a downlink subfrane in another instance; and

generating, with electronic circuitry (12, 14, 34), information for a radio
10term nal indicating how the radio termnal (MS, UE) should interpret or

use one or nore flexible subfranes; receiving and processing with a
receiver (22, 24, 12) information sentlﬁy the radio termnal in a flexible
subfrane; and transmting with a transmtter (12, 24, 22)

i nformation i P-AMBwnl i nk 15direction using a flexible sub frame as a
downl i nk subfrane. 2. Anethod for a radio term nal (M5, UE) in a

clectroni o oi ot {13 PROORG o JIRRRN G RPN ey jn  MRTERTLIRCPRAE, "

t hat i ncl udesvosinehatctomzed tBubf r ames preconflgured as domnllnk subfranmes, 20

one or nore subfranmes preconfigured as. uplink subfrane and ope or nore
f1exi bl e subframes @H&ﬁ“ﬂ%ﬁ&Wﬁé%WPVHQWPBWQWéHZﬂé %é3§hcﬁﬁﬁphkr@ﬂﬁﬁrane in

one instance ang,f. AWl e ﬁféﬁfd&@&ﬁ’e (51‘%@1’? %ﬁ‘f?a[més%?&c%ﬂﬁ%re&@ downlink
recei ving and processing wth a receiver : 6 ormation sent
by a base st at i whiruB8;, oe®B) more sabfrhimgs priceordigfadasmplislnshibirames, and one
or more flexible subframes each dynamically allocated to be an uplink subframe
in one instance and a downlink subframe in another instance; and
generating, with electronic circuitry (12, 14, 34), information for a radio
10 terminal indicating how the radio terminal (MS, UE) should interpret or use one
or more flexible subframes;
receiving and processing with a receiver (22, 24, 12) information sent by
the radio terminal in a flexible subframe; and
transmiting with a transmitter (12, 24, 22) information in a downlink
15 direction using a flexible subframe as a downlink subframe.
2. A method for a radio terminal (MS, UE) in a radio communications
network, characterized by:
processing data, in electronic circuitry (52-60, 44, 68, 70), for or from a frame
structure that includes one or more subframes preconfigured as downlink subframes,
20  one or more subframes preconfigured as uplink subframes, and one or more flexible
subframes each dynamically allocated to be an uplink subframe in one instance and a
downlink subframe in another instance; and
receiving and processing with a receiver (42, 66, 64, 62) information sent by a
base station (BS, eNB) in a flexible subframe; and
25 transmiting with a transmitter (42, 72, 64, 62) information in an uplink direction
using a flexible subframe as a uplink subframe.
3. The method in claims 1 or 2, further comprising exchanging with a
neighboring base station information about intended usage of the one or more flexible

subframes to avoid inter-cell interference.



25transmting with a transmtter (42, 72, 64, 62) information in an uplink
direction using a flexible subfranme as a uplink subfrane. 3. The

met hod i rwol2aime7880r 2, further conprising exchangi ng RCThB2016veisgdsbori ng
base station information about intended usage of the one or nore flexible

subfranmes to avoid inter-cell interference. 19 4. The nmethod in any
of the above cl ains, wherein the base station and the radio term nal
comuni cate using time division duplex. 5. The method in claiml,

further conprising generating information for a radio term nal indicating
when a particular flexible subfranme should be interpreted or 5 used as an
uplink subfrane and to instruct the transmt circuitry not to transmt
using the particular flexible subfrane.l9 6. The nethod in claimb5,

further conprisjing transmtting t i pformation indicating when

particul ar Fl et etTélﬁmeF%n Robf Gen OYe_rﬁq%Fnarwb%ram&e E@sgtaaenaw?@m i nk
subframe i ggg RHRINLPIBNMALMCAe LEng ARcRAibibRULAEX f | €xi bl e subframe. 107.The
met hod in any of the above clains, further conprising transmtting feedback

signaling only 3.n aThabfotlasn glasodnfurger esmprssizgganptating irgprnapsien [fomk
subfranme and.not in a flexible subfranme, . 8. . The .nethod in any of
The. above. B fbmind) Aeicafe Shi FERIER idus swbriy w RGO RS sy

radi o termuglas awiuphatubiffhRrani g insegace frafhmt iRty fo @inshiveusify one or
nore flexible subframnes. 9. The method in claim11, further conprising
provi di ng wrharticalar dlexiblaib§a@el | in which a pico cell is |ocated, and

det er m ni ng whet her 1451 S| #gﬁ} . 1 cro
cell will inter'ere]&%t %gbéﬁgﬁgggfgﬁgFﬁcé 6@%@“@%&%@g§ﬁﬂh§§%%§m?ﬁe
fl exi bl e suhlicating whon a @atticelar fiptiblelsubfrardosiuldbe inteaprsteid 96 uemiaswhen there i s

20m0 need L Sl EEh L8RS S5l one L0 L0 Lo oLl ino Lhe flexibie
conprishng varyjng u$e nRihdaNg afy oMMk abdlcothiblsersbl dRRRidgNrASaAlifdance Wi th
a detected traffic demand. 11. The method in claln1f, further
conpri si ngfacdbaskvsigngling oy nme serrandprecanifiggrodiae an aplpely of domindink sultftanagme
shoul'd be 1 nf f5iRh §HRULR! sudfigdeds an uplink
8. The method in any of the above claims, further comprising processing
information for legacy radio terminals without informing legacy radio terminals of the
15 one or more flexible subframes.
9. The method in claim 1, further comprising providing service to a macro
cell in which a pico cell is located, and determining whether transmitting using a
flexible subframe in the macro cell will interfere with transmission in the pico cell, and
using the flexible subframe for either uplink or downlink transmissions when there is
20 no need to protect transmissions in the pico cell during the flexible subframe.
10.  The method in any of the above claims, further comprising varying use of
one or more flexible subframes in accordance with a detected traffic demand.
11.  The method in claim 2, further comprising receiving information
indicating when a particular subframe should be interpreted or used as an uplink
25  subframe, and wherein the transmit circuitry is configured to transmit information to
the base station using the particular subframe.
12. The method in claim 2, further comprising interpreting all flexible
subframes as downlink frames unless specific information is communicated to the radio
terminal indicating that a particular flexible subframe should be interpreted or used as

30  anuplink subframe.



25 subfrane, and wherein the transmt circuitry is configured to transmt
information to the base station using the particul ar subfrane. 12.
The net howloi2n11ad7zd8m 2, further conprising interpreting 2CIT/IB20a)NDIH6
subframes as downlink franmes unless specific information is communicated to
the radio termnal indicating that a particular flexible subframe should be
interpreted or used as 30 an uplink subframe. 20 13. The nmethod in
claim?2, further conprising transmtting information directly to another
radio term nal thereby bypassing the base station using one or nore

fl exi bl e subfranes. 14. A radio network node (BS, eNB) using the
nmet hod of any one of clainms 51-10. 15. Aradio termnal (M5, UE)
using the method of any one of clains 204, 7, and 11-13.

13.  The method in claim 2, further comprising transmitting information
directly to another radio terminal thereby bypassing the base station using one or more
flexible subframes.

14. A radio network node (BS, eNB) using the method of any one of claims

5 1-10.

15. A radio terminal (MS, UE) using the method of any one of claims 2-4, 7,

and 11-13.



