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DESCRIPTION

TECHNICAL FIELD

[0001] The technology disclosed herein relates generally to wireless communication systems,
and more particularly relates to techniques for modifying subframe lengths in time-division
duplex (TDD) systems.

BACKGROUND

[0002] In a typical cellular radio system, end-user radio or wireless terminals, also known as
mobile stations and/or user equipment units (UEs), communicate via a radio access network
(RAN) to one or more core networks. The radio access network (RAN) covers a geographical
area which is divided into cell areas, with each cell area being served by a base station, e.g., a
radio base station (RBS), which In some networks may also be called, for example, a "NodeB"
or an "eNodeB". A cell iIs 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 area, which I1s broadcasted In the cell. The base stations communicate over the air
Interface operating on radio frequencies with the user equipment units (UEs) within range of
the base stations.

[0003] In some radio access networks, several base stations may be connected, e.g., by
landlines or microwave links, 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 controllers are typically connected to one
or more core networks.

[0004] 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 a radio access network that uses wideband code-division multiple access
(W-CDMA) for communications between the UEs and the base stations, referred to in UTRAN
standards as NodeB's.

[0005] In a forum known as the 3™ Generation Partnership Project (3GPP),
telecommunications suppliers propose and agree upon standards for third generation networks
generally and UTRAN specifically, and investigate techniques to enhance wireless data rates
and radio capacity. 3GPP has undertaken to evolve further the UTRAN and GSM based radio
access network technologies. Several releases for the Evolved Universal Terrestrial Radio
Access Network (E-UTRAN) specification have issued, and the standards continue to evolve.
The Evolved Universal Terrestrial Radio Access Network (E-UTRAN) comprises the Long Term
Evolution (LTE) and System Architecture Evolution (SAE).
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[0006] Long Term Evolution (LTE) 1s a variant of a 3GPP radio access technology where the
radio base station nodes are connected to a core network, via Access Gateways (AGWSs),
rather than to radio network controller (RNC) nodes. In general, in LTE systems the functions
of a radio network controller (RNC) node are distributed between the radio base stations
nodes, referred to in the specifications for LTE as eNodeB's, and AGWSs. As a result, the radio
access network (RAN) of an LTE system has what is sometimes termed a "flat" architecture,
Including radio base station nodes that do not report to radio network controller (RNC) nodes.

[0007] Transmission and reception from a node, e.g., a radio terminal like a UE 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) systems, as illustrated to the left
side 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 take place In different, non-overlapping time slots. Thus, TDD can
operate In unpaired frequency spectrum, whereas FDD requires paired frequency spectrum.

[0008] 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
millisecond per radio frame as illustrated in Figure 2.

[0009] In the case of FDD operation, illustrated in the upper part of Figure 2, there are two
carrier frequencies, one for uplink transmission (fy) and one for downlink transmission (fp).

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 half-duplex operation (see Figure 1) the terminal cannot transmit and
receive simultaneously (although the base station 1I1s capable of simultaneous
reception/transmission, i1.e., receiving from one terminal while simultaneously transmitting to
another terminal). In LTE, a half-duplex radio terminal monitors/receives in the downlink except
when explicitly instructed to transmit in the uplink in a particular subframe.

[0010] In the case of TDD operation (illustrated in the lower part of Figure 2), there 1s only a
single carrier frequency, Fy ,pL, and uplink and downlink transmissions are separated in time

also on a cell basis. Because the same carrier frequency Is used for uplink and downlink
transmission, both the base station and the mobile terminals need to switch from transmission
to reception and vice versa. An important aspect of a TDD system Is to provide a sufficiently
large guard time where neither downlink nor uplink transmissions occur In order to avoid
Interference between uplink and downlink transmissions. For LTE, special subframes
(subframe 1 and, in some cases, subframe 6) provide this guard time. ATDD special subframe
IS split into three parts: a downlink part (DwWPTS), a guard period (GP), and an uplink part
(UpPTS). The remaining subframes are either allocated to uplink or downlink transmission.

[0011] 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
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downlink/uplink configurations. In LTE, there are seven different configurations as shown In
Figure 3. Each configuration has a differing proportion of downlink and uplink subframe in each
10-millisecond radio frame. For instance, Configuration O, illustrated at the top of the figure,
has two downlink subframes and three uplink subframes in each 5-millisecond half-frame, as
Indicated by the notation "DL:UL 2:3". Configurations 0, 1, and 2 have the same arrangement
In each of the 5-millisecond half-frames In the radio frame, while the remaining configurations
do not. Configuration 5, for example has only a single uplink subframe, and nine downlink
subframes, as indicated by the notation "DL:UL 9:1." The configurations provide a range of
uplink/downlink ratios so that the system can choose the configuration that best matches the
anticipated traffic load.

[0012] To avoid significant interference between downlink and uplink transmissions between
different cells, neighbor cells should have the same downlink/uplink configuration. Otherwise,
uplink transmission to base station 2, BS2, in one cell may interfere with downlink transmission
from base station 1, BS1, in the neighboring cell (and vice versa), as illustrated in Figure 4
where the uplink transmission of the UE In the right cell, identified in the figure as mobile
station 1, MS1, i1s interfering with the downlink reception by the UE In the left cell, MS2. 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.

[0013] In LTE, the downlink 1s based on Orthogonal Frequency-Division Multiplexing (OF DM)
while the uplink Is based on Discrete-Fourier-Transform-spread (DFT-spread) OFDM, also
known as Single-Carrier Frequency-Division Multiple Access (SC-FDMA). Detaills may be found
In the 3GPP document "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical
channels and modulation,” 3GPP TS 36.211, V11.3.0, available at www.3gpp.org. The
transmission-time interval (TT1) equals a subframe of 1 millisecond, which 1s made up of 14
OFDM symbol intervals in downlink and 14 SC-FDMA symbol intervals in uplink, given a cyclic
prefix of normal length. Portions of the OFDM and SC-FDMA symbols transmitted in these
symbol intervals are used to carry user data in physical channels referred to as the Physical
Downlink Shared Channel (PDSCH) and Physical Uplink Shared Channel (PUSCH). In future
wireless communication systems, the length of a subframe might be significantly reduced In
order to reduce user data delays. Furthermore, In future wireless systems both downlink and

uplink might be based on OFDM.

[0014] Important priorities for the evolution of current wireless systems and the development of
future wireless communication systems are higher bitrates and shorter delays, especially as
applied to small cell scenarios. Higher bitrates can be achieved by using higher carrier
frequencies, for example, where wideband spectrum resources are available. Also, TDD (Time
Division Duplex) has attained an increased interest. With a dynamic TDD system, I.e., a system
where the TDD configuration i1s not necessarily static from one frame to the next, the downlink
or uplink bitrate can be instantaneously increased by adaptively changing the relation between
number of intervals used for downlink (from eNodeB to UE) and uplink (UE to eNodeB). Within
small cells, the propagation delays will be small, such that small guard periods can be used
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when switching from downlink to uplink. Accordingly, improved techniques for switching
between downlink and uplink in a dynamic TDD system, while maintaining minimal interference
between downlink and uplink transmissions and keeping control signaling to a minimum, are
required. US2013286907 A1 discloses a method for providing shortened uplink subframe
format for frequency division duplex user equipment, that involves communicating shortened
subframe In determined subframe, where subframe has active symbols and blanked symbols.

SUMMARY

[0015] A fixed relation between uplink and downlink in a Time-Division Duplexing (TDD) system
results in an inflexible utilization of the radio resources. However, with a dynamic TDD system,
the amount of control signaling might increase significantly if all user equipment (UEs) must be
notified of which subframes are used as downlink and uplink subframes. In particular, If a
guard period for switching between uplink and downlink Is created by omitting one or several
OFDM symbols in a downlink subframe, then the eNodeB needs to send control messages
Informing all UEs that the last OFDM symbols of a subframe are omitted. This requires a large
signaling overhead.

[0016] An alternative Is that UEs might be required to blindly detect whether one or several of
the last OFDM symbols are omitted. However, another UE might transmit in the uplink during
these last downlink OFDM symbols, causing interference if the UEs are not well mutually
Isolated. This interference can result in unreliable detection of whether OFDM symbols have
been omitted from downlink subframes, causing performance degradations.

[0017] In various embodiments of the present invention, a guard period for switching between
uplink and downlink subframes Is created by shortening an uplink subframe. This I1s done by
omitting one or more symbols at the beginning of an uplink subframe transmission interval, 1.e.,
by not transmitting during one or more symbol intervals at the beginning of the subframe
Interval. Signaling i1s Included In an uplink grant message sent to the UE, the signaling
Indicating when the UE should transmit a subframe that is one or several OFDM (or SC-FDMA
symbols) shorter than a normal subframe, and where the transmission of this subframe starts
one or several OFDM (or SC-FDMA) symbols delayed compared to a normal subframe.

[0018] VVhile several embodiments are described below In the context of an LTE system,
where the uplink corresponds to transmissions from a UE to an eNodeB, it should be
appreciated that the disclosed techniques may be applied to other wireless systems, and do

not necessarily depend on the particular hierarchical arrangement between the LTE eNodeB
and UE.

[0019] Accordingly, one example method according to the techniques disclosed herein iIs
suitable for implementation in a first wireless node configured to transmit data in transmit sub
frames occurring at defined subframe Intervals and having a predetermined length, e.g.,
Including a predetermined number of symbol Iintervals. In an LTE system, the first wireless
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node Is a UE, and the subframes are uplink sub frames. This example method includes
determining that a transmit subframe i1s to be shortened, relative to the predetermined length
and, in response to this determination, shortening transmission of the transmit subframe by not
transmitting during a beginning portion of the subframe interval for the transmit subframe and
transmitting during the remainder of the subframe interval. In some embodiments, such as In
an LTE system, the predetermined duration is a predetermined number of symbol intervals and
shortening transmission of the subframe is done by not transmitting during one or more symbol
Intervals at the beginning of the transmit subframe.

[0020] In some embodiments, the first wireless node determines that the first transmit
subframe Is to be shortened by receiving, from a second wireless node, a grant message
containing subframe-shortening information, the subframe-shortening information indicating
that the transmit subframe Is to be shortened. The subframe-shortening information may
consist of a single bit Indicating that the transmit subframe Is to be shortened by a
predetermined number of symbols, for example, or may include multiple bits Indicating a
number of symbols to be omitted from the transmit subframe. In other embodiments or in other
Instances, the first wireless node may determine that the transmit subframe is to be shortened
without explicit signaling from the second wireless node, e.g., by determining that a scheduled
broadcast subframe 1s to be received In a receive subframe preceding and overlapping the
transmit subframe.

[0021] Another example method iIs suitable for implementation in a wireless node that is
configured to receive data in receive subframes occurring at defined subframe intervals and
having a predetermined duration. In an LTE system, this node may be an LTE eNodeB, and
the receive subframes are again uplink subframes. This example method includes transmitting
to a second wireless node, e.g.,, an LTE UE, a grant message that contains subframe-
shortening Information. The subframe-shortening information indicates that a subframe
transmitted by the second wireless node during a first subframe interval i1s to be shortened.
Subsequently, the wireless node receives a shortened subframe from the second wireless
node, during the first subframe interval, where the shortened subframe Is shortened, relative to
the predetermined length. Once again, this subframe-shortening information may consist of a
single bit indicating that the subframe transmitted during the first subframe interval is to be
shortened by omitting a predetermined number of symbols from the beginning of the
transmitted subframe, or may include multiple bits indicating a specific number of symbols to
be omitted from the transmitted subframe.

[0022] Corresponding apparatus, 1.e., wireless nodes configured to carry out one or more of
the methods summarized above are also described in detall in the description that follows.

[0023] As noted above, a guard period must always be included in TDD systems, because the
UE cannot transmit and receive simultaneously. If omitting one or more symbols from the
beginning of the uplink subframe Is used to provide the guard period, then only the UE which
transmits In uplink has to be aware of this switch from downlink to uplink. A control message
Included In the uplink grant contributes a very small extra amount of control signaling
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overhead, and can be received by the UE in a subframe other than the subframe that is
shortened. The techniques and apparatus disclosed herein can therefore be used to provide a

robust system for dynamic TDD switching, without the need for blind detection of the switch
from downlink to uplink and with low signaling load.

[0024] Of course, the present invention I1s not limited to the above features and advantages.
Indeed, those skilled in the art will recognize additional features and advantages upon reading
the following detailed description, and upon viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Figure 1 lllustrates frequency-division duplex, half-duplex frequency division, and time-division
duplex transmissions.

Figure 2 Illustrates uplink/downlink time/frequency structure for LTE, for the cases of
frequency-division duplex (FDD) and time-division duplex (TDD).

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

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

Figure S illustrates a portion of an example LTE network, including multiple user equipments
(UES).

Figure 6 illustrates downlink and uplink timing in a TDD system
Figure 7 shows uplink-downlink configurations according to 3GPP specifications.

Figure 8 Iillustrates details of frame structure type 2 (for 5-millisecond switch-point periodicity),
as specified by 3GPP

Figure 9 illlustrates shortening of uplink OF DM symbols after a downlink subframe.

Figure 10 illustrates no omitting of uplink OFDM symbols, when the uplink subframe Is not
preceded by a downlink subframe.

Figure 11 illustrates no omitting of uplink OFDM symbols for UE 2 after an uplink subframe.

Figure 12 illustrates omitting of uplink OFDM symbols in the first subframe of an uplink grant
for several subframes.

Figure 13 illustrates the omitting of uplink OFDM symbols after a fixed downlink subframe.
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Figure 14A shows a subframe with DM-RS, CSI-RS, eSS.
Figure 14B illustrates a subframe with time shifted DM-RS, CSI-RS, eSS.

Figure 14C shows a subframe with two OFDM symbols omitted and time-shifted DM-RS, CSI-
RS, e5S.

Figure 15A illustrates a subframe mapped according to frequency first, followed by time.
Figure 15B shows a subframe with mapping in time first, followed by frequency.

Figure 16 1s a process flow diagram illustrating an example method according to the presently
disclosed techniques.

Figure 17 1s a process flow diagram illustrating another example method.
Figure 18 1s a block diagram showing components of an example user equipment.

Figure 19 is a block diagram illustrating an example base station.

DETAILED DESCRIPTION

[0026] In the discussion that follows, specific details of particular embodiments of the present
Invention are set forth for purposes of explanation and not limitation. It will be appreciated by
those skilled in the art that other embodiments may be employed apart from these specific
details. Furthermore, iIn some Iinstances detailed descriptions of well-known methods, nodes,
Interfaces, circuits, and devices are omitted so as not obscure the description with
unnecessary detail. Those skilled in the art will appreciate that the functions described may be
Implemented in one or In several nodes. Some or all of the functions described may be
Implemented using hardware circuitry, such as analog and/or discrete logic gates
Interconnected to perform a specialized function, ASICs, PLAs, etc. Likewise, some or all of the
functions may be implemented using software programs and data in conjunction with one or
more digital microprocessors or general purpose computers. WWhere nodes that communicate
using the air interface are described, it will be appreciated that those nodes also have suitable
radio communications circuitry. Moreover, the technology can additionally be considered to be
embodied entirely within any form of computer-readable memory, including non-transitory
embodiments such as solid-state memory, magnetic disk, or optical disk containing an
appropriate set of computer instructions that would cause a processor to carry out the
techniques described herein.

[0027] Hardware implementations of the present invention may include or encompass, without
imitation, digital signal processor (DSP) hardware, a reduced iInstruction set processor,
hardware (e.g., digital or analog) circuitry including but not Iimited to application specific
Integrated circuit(s) (ASIC) and/or field programmable gate array(s) (FPGA(s)), and (where
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appropriate) state machines capable of performing such functions.

[0028] In terms of computer implementation, a computer is generally understood to comprise
one or more processors or one or more controllers, and the terms computer, processor, and
controller may be employed interchangeably. When provided by a computer, processor, or
controller, the functions may be provided by a single dedicated computer or processor or
controller, by a single shared computer or processor or controller, or by a plurality of individual
computers or processors or controllers, some of which may be shared or distributed.
Moreover, the term "processor” or "controller’ also refers to other hardware capable of
performing such functions and/or executing software, such as the example hardware recited
above.

[0029] Referring now to the drawings, Figure 5 illustrates an exemplary mobile communication
network for providing wireless communication services to mobile terminals 100. Three mobile
terminals 100, which are referred to as "user equipment” or "UE" in 3GPP terminology, are
shown In Figure 5. The mobile terminals 100 may comprise, for example, cellular telephones,
personal digital assistants, smart phones, laptop computers, handheld computers, machine-
type communication/machine-to-machine (MTC/M2M) devices or other devices with wireless
communication capabillities. It should be noted that the term "mobile terminal,” as used herein,
refers to a terminal operating in a mobile communication network and does not necessarily
Imply that the terminal itself is mobile or moveable. Thus, the term as used herein should be
understood to be interchangeable with the term "wireless device,” and may refer to terminals
that are installed in fixed configurations, such as in certain machine-to-machine applications,
as well as to portable devices, devices Installed in motor vehicles, etc.

[0030] The mobile communication network comprises a plurality of geographic cell areas or
sectors 12. Each geographic cell area or sector 12 is served by a base station 20, which Is
referred to as an eNodeB In the context of an LTE radio access network, formally known as the
Evolved Universal Terrestrial Radio Access Network, or E-UTRAN. One base station 20 may
provide service in multiple geographic cell areas or sectors 12. The mobile terminals 100
receive signals from base station 20 on one or more downlink (DL) channels, and transmit
signals to the base station 20 on one or more uplink (UL) channels.

[0031] In an LTE network, base station 20 is an eNodeB and may be connected to one or
more other eNodeBs via an X2 interface (not shown). An eNodeB Is also connected to an MME
130 via an S1-MME interface, and may be connected to one or more other network nodes,
such as a Serving Gateway (not shown).

[0032] For Iillustrative purposes, several embodiments of the present invention will be
described in the context of a EUTRAN system. Those skilled in the art will appreciate, however,
that several embodiments of the present invention may be more generally applicable to other
wireless communication systems.

[0033] As discussed above, iIn a TDD (Time Division Duplex) system, the same frequency Is
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used both for downlink and uplink. Both the UE and the eNodeB must then switch between
transmitting and receiving, assuming that full duplex operation is not possible. An illustration is
given In Figure 6 of the timing between downlink and uplink, which illustrates subframe transmit
and receive times, at both the UE and the eNodeB, versus time, which can be measured In
terms of an OFDM (or SC-FDMA) symbol index. Because of propagation delays, which may
vary as the UE moves around In the coverage area of the eNodeB, downlink subframes
transmitted by the eNodeB are received at the UE after a delay. A Fast-Fourier Transform,
FFT, window In the UE receiver Is aligned to the received subframes so that the data portion of
the subframe falls completely within the FFT window, while the cyclic prefix, CP, portion of the
subframe may overlap with the FFT window edge. Uplink subframes transmitted by the UE can
only be transmitted after the complete of a UE switching time from receiving to transmitting
modes, and are received at the eNodeB after a propagation delay. The timing of the UE
transmissions is controlled by the eNodeB, so that the data-carrying portions of consecutive
uplink subframes from multiple UEs do not overlap with one another and fall within the FFT
window of the eNodeB receiver. Again, the portion of the subframe that includes a cyclic prefix,
CP, may overlap with the edges of the eNodeB FFT window.

[0034] A fixed allocation of uplink and downlink subframes 1s used in LTE release 11, and is
defined In "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation,” 3GPP TS 36.211, V11.3.0, available at www.3gpp.org. A few predefined
allocations are then specified as illustrated in Figure 7, where uplink-downlink configurations O-
6 are Illustrated, along with their respective periodicities of either 5-milliseconds or 10-
milliseconds. In the chart shown In Figure 7, each of subframe numbers 0-9 are indicated as
either "D,” "U,", or "S" subframes, corresponding to downlink, uplink, and special subframes,
respectively. A special subframe Is Inserted between consecutive downlink and uplink
subframes. The details of the special subframe are shown In Figure 8. The special subframe
contains OFDM and SC-FDMA symbols both for downlink and uplink respectively with a guard
period In between. This guard period Is used by the UE for transmitting with a timing advance,
such that the uplink symbols are received within the FFT window of the eNodeB, as shown In
Figure 6. The guard period also provides time for the transmit and receive circuitry of eNodeB
and UE to switch from downlink mode to uplink mode.

[0035] In a dynamic TDD system, the relation between the number of downlink subframes and
uplink subframes is not fixed according to the semi-static configurations shown in Figure 7, but
can be flexibly configured depending of the current need. For example, a UE may treat every
subframe as a downlink subframe unless It Is explicitly instructed to transmit in a given
subframe. This approach to dynamic TDD is described in U.S. Patent Application Publication
2011/0149813 A1, titled "Flexible Subframes” and published 23 June 2011. When flexible
subframes are used, the eNodeB sends a control signal to the UE indicating when and how it Is
scheduled to receive (l.e., a downlink assignment) and when and how to transmit in uplink (i.e.
an uplink grant). In LTE, this control signaling can be carried by either the Physical Downlink
Control Channel (PDCCH) or the Enhanced Physical Downlink Control Channel (EPDCCH).
The downlink assignment is transmitted in the same subframe as the user data is transmitted
while the uplink grant is transmitted a few subframes before the UE Is scheduled to transmit In
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uplink.

[0036] A fixed relation between uplink and downlink results in an inflexible utilization of the
radio resources. However, with dynamic TDD, the amount of control signaling might increase
significantly iIf all UEs must be aware of which subframes that are used as downlink and uplink
subframes respectively. Furthermore, in dynamic TDD a guard period I1s needed between
consecutive downlink and uplink subframes, to allow the UE circuitry to switch from downlink to
uplink mode.

[0037] A guard period can be created by omitting one or several OFDM symbols in downlink.
In systems that utilize redundancy encoding, the receiving UE can treat those omitted OFDM
symbols as "punctured” symbols, and reconstruct the data that would normally have been
carried by those symbols using normal decoding techniques. Alternatively, the receiving UE
can decode the data in the remaining portion of the subframe while working around the symbol
Intervals that carry no data. In either case, If the guard period Is created by omitting one or
several OFDM symbols in downlink then the eNodeB needs to send control messages to all
UEs, Indicating that the last OFDM symbols of a subframe are omitted. Thus, according to this
approach a signaling is included in the downlink grant, the signaling indicating that the eNodeB
IS transmitting a subframe that is one or several OFDM (or SC-FDMA) symbols shorter than a
normal subframe and where the transmission of this subframe ends one or several OFDM (or
SC-FDMA) symbol Intervals earlier than it would with a normal subframe. Note that this
Indication needs to be signaled to all UEs that are scheduled for this subframe, and thus can
require a large signaling overhead.

[0038] An alternative Is that the UEs can blindly detect whether one or several of the last
OFDM symbols have been omitted. However, If the UEs are not well mutually isolated then
another UE might transmit in uplink during these last downlink OFDM symbols, causing
Interference. This Interference can result in unreliable detection of the omission of OFDM
symbols, causing performance degradations.

[0039] Another approach Is for the UE to create the guard period by omitting one or more
symbols from the beginning of an uplink subframe transmission. According to this approach,
the base station includes signaling in the UL grant that indicates the UE should transmit a
subframe that is one or several OFDM (or SC-FDMA symbols) shorter than a normal subframe
and where the transmission of this subframe starts one of several OFDM (or SC-FDMA)
symbol intervals later than a normal subframe

[0040] The subframe timing according to this latter approach is illustrated in Figure 9, where a
series of subframes are flexibly scheduled, with one subframe scheduled for uplink, UL, use,
two others scheduled for downlink, DL, use, and the remaining subframes being unscheduled.
The uplink grant Is transmitted in downlink Iin subframe n (n=5 In Figure 9), and indicates that
the UE I1s to transmit in uplink in subframe n+g (g=5 In Figure 9). |f eNodeB transmits in the
downlink In subframe n+g-71 (subframe 9), then the UE must omit one or several OFDM (or SC-
FDMA) symbols from the beginning of its transmission of uplink subframe n+g (subframe 10 In
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Figure 9), to create a short guard period. A "subframe-shortening message” is thus included In
the uplink grant, indicating to the UE that it needs to omit one or more symbols from the
beginning of the uplink subframe transmission. As shown at the bottom of Figure 9, the uplink
subframe spans a subframe interval that includes 14 symbol intervals numbered 0-13. Each of
these symbol intervals normally carries an OFDM (or SC-FDMA) symbol. However, the OFDM
symbol can be omitted from one or more symbol intervals at the beginning of the subframe
Interval. In the example illlustrated in Figure 9, a guard period is created by omitting two OFDM
symbols at the beginning of the subframe interval.

[0041] Note that if subframe n+g-7 (subframe 9) does not contain any downlink transmissions
from the eNodeB, as shown In Figure 10, or If subframe n+g-7 i1s an uplink subframe from
another UE, as shown In Figure 11, then the UE does not have to omit one or more symbols
from the beginning of the uplink subframe In subframe n+g. Figure 10 is thus similar to Figure
9, except that no downlink subframe I1s scheduled for the subframe interval preceding the
scheduled uplink subframe, which means that the UE does not need to create a guard period
by omitting symbols from the beginning of the uplink subframe. Figure 11 iIs also similar to
Figure 9, except that two consecutive uplink subframes are scheduled, one for each of two
UEs, immediately following a downlink subframe. Because the uplink subframe scheduled for
UEZ2 follows an uplink subframe scheduled for UE1, not a downlink subframe, there i1s no need
for UE2Z, to create a guard period in the second uplink subframe. Thus, as shown at the bottom
of Figure 11, only the first of the two uplink subframes includes a guard period created by
omitting symbols at the beginning of the subframe Interval. These cases (i.e., the scenarios
shown In Figures 10 and 11) are also controlled by the uplink grant, 1.e., by omitting a
subframe-shortening message entirely or by Including a subframe-shortening message
Indicating that no shortening Is needed for a given uplink subframe. Note that when the
eNodeB sends the uplink grant in subframe n, it may not be certain that subframe n+g-7 will be
used for a downlink transmission. Generally, If the eNodeB knows that the subframe n+g-7 will
not be used for downlink transmissions, then it should send a subframe-shortening message
Indicating that no message is needed, or omit the subframe-shortening message from the
uplink grant, depending on the implementation of the messaging schemed. If the eNodeB does
not yet know whether or not there is to be a downlink transmission in subframe n+g-7, then it
should assume that there will be, and send an appropriate subframe-shortening message.

[0042] In some embodiments, the subframe-shortening message within the uplink grant only
Includes a single bit, which signals whether or not to omit the first OFDM (or SC-FDMA)
symbols of the uplink transmission. In these embodiments, the UE may be pre-configured,
either by hard programming or semi-statically, e.g., by RCC signaling, with a predetermined
number of symbols to omit in the event that a subframe-shortening message Is received. A
somewhat more flexible format can also be used in which the subframe-shortening message
explicitly indicates the number of OFDM (or SC-FDMA) symbols to be omitted. With this
approach, only one OFDM (or SC-FDMA) symbol needs to be omitted if the round trip time 1s
small, while UEs with large round trip time might need to omit multiple OFDM symbols. In some
embodiments, an eNodeB may be configured to always use the same indication, based on the
cell size. In other embodiments, the roundtrip time for each UE is estimated and continuously
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tracked In the eNodeB, such that the subframe-shortening message can be adapted towards
the round trip time for each individual UE.

[0043] For example, assume that two bits are used for the subframe-shortening message. In
this example, the bit sequence "00" may be used to signal that no omitting of uplink OFDM (or
SC-FDMA) symbols should be done. Sequence "01" can be used to indicate that one OFDM
(or SC-FDMA) symbols should be omitted, sequence "10" indicate two OFDM (or SC-FDMA)
symbols should be omitted, while sequence "11" would indicate the omitting of three OFDM (or
SC-FDMA) symbols. Alternatively, the numbers of OFDM symbols to be punctured as indicated
by the bit(s) of the subframe-shortening message can be semi-statically configured by higher
layers.

[0044] It will be appreciated that an uplink grant can contain a grant for several subframes. If
these uplink subframes are consecutive, then signaling about subframe shortening is only
needed for the first of the simultaneously scheduled subframes. This is shown In Figure 12,
which Iillustrates a scenario in which the uplink grant schedules the UE for three consecutive
uplink subframes following a downlink subframe. As shown at the bottom of the figure, only the
first uplink subframe includes a guard period created by omitting one or more symbols from the
beginning of the subframe.

[0045] In addition, a dynamic TDD system might be configured with a few subframes that are
fixed for downlink and thus are never used for uplink. These subframes might be needed, for
example, for synchronization and broadcast control messages used for continuous
synchronization and initial synchronization and call setup. One or more of these fixed downlink
subframes can occur inside a UE's multi-subframe uplink grant. In this case, the UE cannot
transmit during the fixed downlink subframe, but can continue afterwards. Here, the UE can
either continue to transmit all the remaining subframes according to its uplink grant, or
consider one of the subframes in the grant to be "punctured” by the fixed downlink subframe,
such that the total uplink transmission effectively contains one less subframe than indicated by
the uplink grant. In either case, the UE must omit one or several OFDM (or SC-FDMA) symbols
of the first subframe after this fixed downlink subframe, as shown Iin Figure 13, in which the
fixed downlink subframe Is Iindicated by a "D". As In the preceding figures, the uplink grant is
transmitted in downlink Iin subframe n (n=5 In Figure 13), and indicates that the UE Is to
transmit Iin uplink beginning In subframe n+g (g=5 In Figure 13). In this case, the multi-
subframe grant overlaps the fixed downlink subframe In subframe 12, which means that the
uplink subframe transmitted after this downlink subframe must be shortened. A need for this
subframe shortening does not have to be signaled to the UE, however, since the UE Is already
aware of this fixed downlink subframe. If a flexible shortening of the subframe i1s used, then a
default amount of omitted OFDM (or SC-FDMA) symbols can be used. Alternatively, a
subframe shortening according to the last received subframe-shortening message within an
uplink grant to the specific UE may be used. In either case, the UE creates a guard period at
the beginning of the first uplink subframe following the fixed downlink subframe, as shown at
the bottom of Figure 13.
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[0046] An eNodeB might use beam-forming, in either or both of the downlink and uplink, to
Increase the signal-to-interference-plus-noise ratio (SINR) for a UE. This beam-forming can be
done In baseband, in which case a change between different beam-formers can be done on a
sample-to-sample basis. However, for other types of beam-forming techniques, such as analog
beamforming realized with microwave or RF phase adjusters, a guard might be needed for the
components to apply this change of beam-forming. Also, a guard period can be used to halt
transmission In uplink during a calibration phase. In these cases, the eNodeB can instruct the

UE to omit one or several of the first OFDM (or SC-FDMA) symbols in a given uplink subframe,
for this purpose.

[0047] Figure 14A lllustrates an example resource block (a time-frequency resource consisting
of twelve consecutive OFDM subcarriers in a subframe interval) of a subframe. In the figure,
the multiple subcarriers are shown In the vertical dimension, while the subframe Iintervals
extend in the horizontal dimension. In the illustrated example, the subframe consists of 14
OFDM symbols and includes several reference signals, including demodulation reference
signals (DM-RS), channel-state-information reference symbols (CSI-RS), and Cell specific
Reference Signals (CRS). For more details of these signals, see the 3GPP document "Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation,” 3GPP TS
36.211, V11.3.0, available at www.3gpp.org. A similar mapping can be used In future wireless
standards.

[0048] An example of an alternative mapping is given In figure 14B in which the mapping of
reference symbols i1s changed in order to facilitate start of the channel estimation before all
OFDM symbols of a subframe are received. However, when omitting the first OFDM symbols
of a subframe, then the reference symbols should not be omitted. In those subframes when
one or several OFDM symbols are omitted, alternative mappings of reference symbols and
user-data modulated symbols can be considered, for example as in Figure 14C.

[0049] In any of the embodiments described above, the uplink subframe might be shortened
by simply not transmitting the first one or two symbols of a subframe. Omitting more symbols
can also be considered If the system Is designed for environments with large distances
between eNodeB and the UE, 1.e. where large round trip times are anticipated. However, In
LTE release 11 the channel coding Is designed such that parts of the user data cannot be
decoded In some cases If the first symbol is omitted. To be more specific, the user data Is
segmented Into several code blocks, as specified In "Evolved Universal Terrestrial Radio
Access (E-UTRA); Multiplexing and channel coding,” 3GPP TS 36.212, V11.3.0, available at
www.3gpp.org. Each such code block Is turbo coded and interleaved independently, and the
code words are then concatenated, modulated and mapped to OFDM (or SC-FDMA) symbols.
Within this mapping, the sequence of concatenated modulated symbols is first mapped to the
subframe In frequency, 1.e., across subcarriers, and then In time, as shown In Figure 15A.
Figures 15A and 15B each lllustrate an example resource block consisting of twelve
consecutive OFDM subcarriers in a subframe interval. In the figures, the multiple subcarriers
are shown In the vertical dimension, while the subframe Intervals extend In the horizontal
dimension. In the illustrated example, the subframe consists of 14 OFDM symbols and includes
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several reference signals, including demodulation reference signals (DM-RS). Other reference
symbols have been omitted for clarity. In 15A, a sequence of modulated symbols iIs first
mapped vertically, I1.e., across frequency, as indicated by the arrows, and then horizontally, I1.e.,
across time. A consequence of this mapping 1s that one or several code words can be
completely punctured when puncturing one or several whole OFDM (or SC-FDMA) symbols.
One solution to this problem is to change the way the sequence of concatenated modulated
symbols are mapped to OFDM and SC-FDMA symbols. One approach is shown in Figure 15B,
where the mapping 1s done In time first, as indicated by the horizontal arrows. However, one
drawback with mapping in time first i1s the reduced frequency diversity. This can be mitigated if
the mapping is done by alternating between mapping in time and frequency.

[0050] Above, various techniques for transmitting and receiving shortened subframes have
been described In the context of an LTE system. It should be understood, however, that these
techniques are more generally applicable to TDD wireless links between wireless nodes, and
do not depend on the wireless nodes having the UE-to-base-station relationship found in an
LTE system. Figure 16 thus illustrates a method suitable for implementation in a first wireless
node that Is configured to transmit data in transmit subframes occurring at defined subframe
Intervals and having a predetermined length, e.g., a predetermined number of symbol
Intervals. If this method i1s implemented in the LTE context, then the first wireless node may be
a UE, In communication with an eNodeB.

[0051] As shown at block 1610, the illustrated method may begin with receiving configuration
Information from a second wireless node, the configuration Information specifying a
predetermined number of symbols to be omitted from uplink subframes Iin the event that a
shortened subframe Is to be transmitted. In Figure 16, this operation Is illustrated with a
dashed outline, indicating that this operation Is not present in every embodiment or in every
Instance of the illustrated method.

[0052] As shown at block 1620, the illustrated method Iincludes determining that a transmit
subframe Is to be shortened, relative to the predetermined length. This may be done in some
embodiments or In some Instances by receiving a grant message containing subframe-
shortening information. In other embodiments or in other instances, however, the first wireless
node may determine that the transmit subframe is to be shortened by determining that a
scheduled broadcast subframe I1s to be received In a receive subframe preceding and
overlapping the transmit subframe.

[0053] As shown In block 1630, the illustrated method further includes shortening transmission
of the transmit subframe. This I1s done by not transmitting during a beginning portion of the
subframe Interval for the transmit subframe and transmitting during the remainder of the
subframe Interval. In some embodiments, the predetermined duration of the subframe Is a
predetermined number of symbol Intervals, in which case shortening transmission of the
subframe comprises not transmitting during one or more symbol intervals at the beginning of
the transmit subframe. Note that as the terms are used here, a subframe interval consists of a
particular number (e.g., 14) of symbol intervals, each of which normally carries a transmitted
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symbol. When the subframe Is shortened, one or more of the subframe intervals does not
carry a transmitted symbol.

[0054] As noted above, determining that the first transmit subframe iIs to be shortened may
comprise receiving, from a second wireless node, a grant message containing subframe-
shortening Information, the subframe-shortening information Indicating that the transmit
subframe 1s to be shortened. In some embodiments, the subframe-shortening information
consists of a single bit indicating that the transmit subframe i1s to be shortened by omitting a
predetermined number of symbols from the beginning of the transmit subframe. In some of
these embodiments, the first wireless node receives configuration information from the second
wireless node, as shown at block 1610, prior to receiving the grant message, the configuration
Information specifying the predetermined number. In other embodiments, the subframe-
shortening information received from the second wireless node specifies a number of symbols
to be omitted at the beginning of the transmit subframe.

[0055] Figure 17 lllustrates a method implemented at the other end of the link from the
wireless node corresponding to Figure 16. Thus, the method illustrated in Figure 17 Is suitable
for implementation in a wireless node configured to receive data In receive subframes
occurring at defined subframe Intervals and having a predetermined length, e.g., a
predetermined number of symbol intervals. In an LTE context, this node may be the eNodeB.

[0056] As shown at block 1710, the Illustrated method may begin with transmitting
configuration information to a second wireless node, the configuration information specifying a
predetermined number of symbols to be omitted from uplink subframes Iin the event that a
shortened subframe Is to be transmitted. In Figure 17, this operation Is illustrated with a
dashed outline, indicating that this operation Is not present in every embodiment or in every
Instance of the illustrated method.

[0057] As shown at block 1720, the illustrated method continues with transmitting, to the
second wireless node, a grant message containing subframe-shortening information, the
subframe-shortening information indicating that a subframe transmitted by the second wireless
node during a first subframe interval is to be shortened. In an LTE context, this second wireless
node Is a UE, for example. As shown at block 1730, the method continues with receiving a first
shortened subframe from the second wireless node, during the first subframe interval, wherein
the first shortened subframe is shortened, relative to the predetermined length.

[0058] In some embodiments, the subframe-shortening information sent to the second
wireless node specifies a number of symbols to be omitted at the beginning of the subframe
transmitted during the first subframe interval. In other embodiments, the subframe-shortening
Information instead consists of a single bit indicating that the subframe transmitted during the
first subframe Interval is to be shortened by omitting a predetermined number of symbols from
the beginning of the transmitted subframe. In some of these embodiments, the wireless node
transmits configuration information, to the second wireless node, prior to transmitting the grant
message, the configuration information specifying a number of symbols to be omitted from the
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beginning of the subframe transmitted during the first subframe interval.

[0059] In some embodiments, the wireless node decodes data from the first shortened
subframe, by treating one or more omitted symbols at the beginning of the first subframe
Interval as punctured data. In other embodiments, the wireless node retrieves decoded data
from the first shortened subframe by de-mapping data symbols from the first downlink
subframe according to a de-mapping pattern that disregards omitted symbol intervals at the
beginning of the first subframe interval and decoding the de-mapped data symbols.

[0060] In some embodiments, the wireless node may further transmit a scheduled broadcast
subframe during a second subframe Interval, and receive a second shortened subframe during
a third subframe interval immediately succeeding the second subframe interval. This Is shown
at blocks 1740 and 1750, which are shown with a dashed outline to Indicate that these
operations are "optional” in the sense that they may not appear in every embodiment or In
every instance of the illustrated embodiment.

[0061] Several of the methods described above and illustrated generally in Figures 16 and 17
may be implemented using radio circuitry and electronic data processing circuitry provided In a
mobile terminal. Figure 18 Iillustrates features of an example wireless node 1800 according to
several embodiments of the present invention, In this case embodied as a mobile terminal.
Mobile terminal 1800, which may be a UE configured for operation in an LTE system,
comprises a transceiver 1820 for communicating with one or more base stations as well as a
processing circuit 1810 for processing the signals transmitted and received by the transceiver
1820. Transceiver 1820 includes a transmitter 1825 coupled to one or more transmit antennas
1828 and receiver 1830 coupled to one or more receiver antennas 1833. The same
antenna(s) 1828 and 1833 may be used for both transmission and reception. Receiver 1830
and transmitter 1825 use known radio processing and signal processing components and
techniques, typically according to a particular telecommunications standard such as the 3GPP
standards for LTE. Because the various details and engineering tradeoffs associated with the
design and implementation of such circuitry are well known and are unnecessary to a full
understanding of the invention, additional details are not shown here.

[0062] Processing circuit 1810 comprises one or more processors 1840 coupled to one or
more memory devices 1850 that make up a data storage memory 1855 and a program
storage memory 1860. Processor 1840, identifled as CPU 1840 in Figure 18, may be a
microprocessor, microcontroller, or digital signal processor, iIn some embodiments. More
generally, processing circuit 1810 may comprise a processor/firmware combination, or
specialized digital hardware, or a combination thereof. Memory 1850 may comprise one or
several types of memory such as read-only memory (ROM), random-access memory, cache
memory, flash memory devices, optical storage devices, etc. Again, because the various
details and engineering tradeoffs associated with the design of baseband processing circuitry
for mobile devices are well known and are unnecessary to a full understanding of the invention,
additional details are not shown here.
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[0063] Typical functions of the processing circuit 1810 Include modulation and coding of
transmitted signals and the demodulation and decoding of received signals. In several
embodiments, processing circuit 1810 1s adapted, using suitable program code stored In
program storage memory 1860, for example, to carry out one of the techniques described for
transmitting shortened subframes.

[0064] Accordingly, In various embodiments of the invention, processing circuits are configured
to carry out one or more of the techniques described In detaill above. Likewise, other
embodiments include mobile terminals (e.g., LTE UEs) including one or more such processing
circuits. In some cases, these processing circuits are configured with appropriate program
code, stored In one or more suitable memory devices, to implement one or more of the
techniques described herein. Of course, it will be appreciated that not all of the steps of these
techniques are necessarily performed in a single microprocessor or even In a single module.

[0065] The mobile terminal 1800 of Figure 18 may also be understood as an example of a
wireless device configured for operation in a wireless communication network and comprising
several functional modules, each of which may be implemented using analog and/or digital
hardware, or a processing circuit configured with appropriate software and/or firmware, or a
combination thererof. For example, iIn some embodiments a mobile terminal comprises a
transceiver circuit that includes a transmitter circuit for transmitting data in transmit subframes
occurring at defined subframe intervals and having a predetermined number of symbol
Intervals, as well as a determining circuit for determining that a transmit subframe i1s to be
shortened, relative to the predetermined number of symbols, and a subframe-shortening
circuit, responsive to the determining circuit, for shortening transmission of the transmit
subframe by not transmitting during one or more symbol times at the beginning of the
subframe Interval for the transmit subframe and transmitting during the remainder of the
subframe Interval. It will be appreciated that the several variations described above In
connection with the method illustrated in Figure 16 are equally applicable to the mobile
terminal implementations described here.

[0066] Figure 19 Is a schematic illustration of an example wireless node 1900, here embodied
as a base station in which a method embodying one or more of the above-described
techniques can be implemented. A computer program for controlling the base station to carry
out a method embodying the present invention Is stored In a program storage 1930, which
comprises one or several memory devices. Data used during the performance of a method
embodying the present techniques is stored Iin a data storage 1920, which also comprises one
or more memory devices. During performance of a method embodying the present techniques,
program steps are fetched from the program storage 1930 and executed by a Central
Processing Unit (CPU) 1910, which retrieves data as required from the data storage 1920.
Output information resulting from performance of a method embodying the present invention
can be stored back in the data storage 1930, or sent to an Input/Output (I/O) interface 1940,
which may comprise a transmitter for transmitting data to other nodes, such as an RNC, as
required. Likewise, the input/output (I/0O) interface 1940 may comprise a receiver for receiving
data from other nodes, for example for use by the CPU 1910. The CPU 1910, data storage



DK/EP 3557784 T3

1920, and program storage 1930 together make up a processing circuit 1960. Base station
1900 further comprises radio communications circuitry 1950, which includes a receiver circuit
1952 and transmitter circuit 1955 adapted according to well-known designs and techniques to
communicate with one or more mobile terminals.

[0067] According to several embodiments of the present invention, base station apparatus
1900 generally and radio communications circuitry 1950 more specifically are configured to
receive data In receive subframes occurring at defined subframe Intervals and having a
predetermined number of symbol intervals. Processing circuit 1960 Is configured to control the
receiver circuit and the transmitter circuit 1955 In radio communications circuitry 1950 to
transmit to a second wireless node, via the transmitter circuit 1955, a grant message
containing subframe-shortening information, the subframe-shortening information indicating
that a subframe transmitted during a first subframe interval by the second wireless node is to
be shortened. The processing circuitry 1960 is further configured to receive a first shortened
subframe from the second wireless node, via the receiver circuit 1952, during the first
subframe Interval, where the first shortened subframe Is shortened by one or more symbol
Intervals, relative to the predetermined number of symbol intervals.

[0068] Accordingly, In various embodiments of the invention, processing circuits are configured
to carry out one or more of the techniques described In detaill above. Likewise, other
embodiments include base stations including one or more such processing circuits. In some
cases, these processing circuits are configured with appropriate program code, stored in one
or more suitable memory devices, to implement one or more of the techniques described
herein. Of course, It will be appreciated that not all of the steps of these techniques are
necessarily performed in a single microprocessor or even In a single module.

[0069] The base station 1900 of Figure 19 may also be understood as an example of a
wireless device configured for operation in a wireless communication network and comprising
several functional modules, each of which may be implemented using analog and/or digital
hardware, or a processing circuit configured with appropriate software and/or firmware, or a
combination thererof. For example, iIn some embodiments a base station comprises a radio
communications circuit that includes a transmitter circuit, a receiver circuit for receiving data In
transmit subframes occurring at defined subframe intervals and having a predetermined
number of symbol intervals, as well as a grant-transmitting circuit for transmitting to a second
wireless node, via the transmitter circuit, a grant message containing subframe-shortening
Information, the subframe-shortening information indicating that a subframe transmitted during
a first subframe Interval by the second wireless node Is to be shortened. A subframe-
processing circuit in these embodiments 1s further arranged to receive a first shortened
subframe from the second wireless node, via the receiver circuit, during the first subframe
Interval, where the first shortened subframe 1s shortened by one or more symbol intervals,
relative to the predetermined number of symbol intervals. It will be appreciated that the several
variations described above In connection with the method illustrated in Figure 17 are equally
applicable to the base station implementations described here.
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[0070] As discussed above, a guard period must always be included in TDD systems, when
the UE cannot transmit and receive simultaneously. With puncturing in the downlink signal, all
UEs must be aware of this guard period, either by explicit signaling to all UEs or by detection In
the UEs. By instead only puncturing the uplink transmissions, as detailed herein, only the UE
that transmits in uplink has to be aware of this switch from downlink to uplink. A control
message Included In the uplink grant provides a very small extra control signaling overhead,
and can be received by the UE Iin a subframe other than the subframe which is punctured. The

disclosed techniques thus result in a robust system without the need for detection of the switch
from downlink to uplink and with low signaling load.

[0071] Examples of several embodiments of the present invention have been described In
detail above, with reference to the attached illustrations of specific embodiments. Because it Is
not possible, of course, to describe every conceivable combination of components or
techniques, those skilled in the art will appreciate that various modifications may be made to
the above described embodiments without departing from the scope of the present invention.
For example, it will be readily appreciated that although the above embodiments are described
with reference to parts of a 3GPP network, an embodiment of the present invention will also be
applicable to like networks, such as a successor of the 3GPP network, having like functional
components. Therefore, in particular, the terms 3GPP and associated or related terms used In
the above description and in the enclosed drawings and any appended claims now or In the
future are to be Interpreted accordingly.

[0072] Notably, modifications and other embodiments of the disclosed invention(s) will come to
mind to one skilled in the art having the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it I1Is to be understood that the
Invention(s) i1s/are not to be Imited to the specific embodiments disclosed and that
modifications and other embodiments are intended to be included within the scope of this
disclosure. Although specific terms may be employed herein, they are used in a generic and
descriptive sense only and not for purposes of limitation.
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Patentkrav

1. Fremgangsmade (1600) i en brugerindretning, der er konfigureret til at trans-
mittere data til en basisstation | underrammer af et tidsdelt duplex-system, der
forekommer | definerede underrammeintervaller, hvor et forudbestemt antal
symbolintervaller anvendes i en normal underramme, hvilken fremgangsmade
er kendetegnet ved at omfatte:

at modtage, fra basisstationen, en bevillingsbesked, der angiver, at brugerind-
retningen er planlagt | en transmissionsunderramme, hvor bevillingsbeskeden
iIndeholder information, der angiver, at feerre symbolintervaller vil blive anvendt
| transmissionsunderrammen end | den normale underramme; 0g,

som reaktion pa informationen, der angiver, at faerre symbolintervaller vil blive
anvendt, at transmittere transmissionsunderrammen | overensstemmelse med
bevillingsbeskeden ved ikke at transmittere | et eller flere symbolintervaller ved
begyndelsen af underrammeintervallet for transmissionsunderrammen og at
transmittere | symbolintervaller af resten af underrammeintervallet.

2. Fremgangsmade (1600) ifalge krav 1, hvor informationen, der angiver, at
feerre symbolintervaller vil blive anvendt, specificerer et antal symbolinterval-
ler, der Ikke anvendes ved begyndelsen af underrammeintervallet.

3. Fremgangsmade (1700) i en basisstation, der er konfigureret til at modtage
data fra en brugerindretning |1 underrammer af et tidsdelt duplex-system, der
forekommer | definerede underrammeintervaller, hvor et forudbestemt antal
symbolintervaller anvendes i en normal underramme, hvilken fremgangsmade
er kendetegnet ved at omfatte:

at transmittere (1/720), til brugerindretningen, en bevillingsbesked, der angiver,
at brugerindretningen er planlagt til transmission | en underramme | labet af et
underrammeinterval, hvor bevillingsbeskeden indeholder information, der an-
giver, at feerre symbolintervaller vil blive anvendt | den underramme, der trans-
mitteres af brugerindretningen 1 labet af underrammeintervallet, end | den nor-
male underramme ved Ikke at transmittere | lebet af et eller flere symbolinter-
valler ved begyndelsen af underrammeintervallet; og
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at modtage (1/30) en underramme fra brugerindretningen | overensstemmelse
med bevillingsbeskeden | labet af underrammeintervallet.

4. Fremgangsmade (1700) ifelge krav 3, hvor informationen, der angiver, at
feerre symbolintervaller vil blive anvendt, specificerer et antal symbolinterval-
ler, der Ikke anvendes ved begyndelsen af underrammeintervallet.

5. Brugerindretning (1800), omfattende et modtagerkredslab (1830), et trans-
mitterkredslab (1825), der er konfigureret til at transmittere data til en basis-
station | underrammer af et tidsdelt duplex-system, der forekommer | define-
rede underrammeintervaller, hvor et forudbestemt antal symbolintervaller an-
vendes | en normal underramme, og et behandlingskredslab (1810), der er
konfigureret til at styre modtagerkredslabet (1830) og transmitterkredslabet
(1825), kendetegnet ved at behandlingskredslabet (1810) endvidere er kon-
figureret til:

at modtage, fra basisstationen, via modtagerkredslabet (1830), en bevillings-
besked, der angiver, at brugerindretningen er planlagt 1 en transmissionsun-
derramme, hvor bevillingsbeskeden indeholder information, der angiver, at
feerre symbolintervaller vil blive anvendt | transmissionsunderrammen end |
den normale underramme; 0g,

som reaktion pa informationen, der angiver, at feerre symbolintervaller vil blive
anvendt, at styre transmitterkredslebet (18295) til at transmittere transmissions-
underrammen | overensstemmelse med bevillingsbeskeden ved Ikke at trans-
mittere | labet af et eller flere symbolintervaller ved begyndelsen af underram-
meintervallet for transmissionsunderrammen og at transmittere | symbolinter-
valler af resten af underrammeintervallet.

6. Brugerindretning (1800) ifelge krav 5, hvor informationen, der angiver, at
feerre symbolintervaller vil blive anvendt, specificerer et antal symbolinterval-
ler, der Ikke anvendes ved begyndelsen af underrammeintervallet.

/. Basisstation (1900), omfattende et transmitterkredslab (1955), et modtager-
kredslab (1952), der er konfigureret til at modtage data fra en brugerindretning
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| underrammer af et tidsdelt duplex-system, der forekommer | definerede un-
derrammeintervaller, hvor et forudbestemt antal symbolintervaller anvendes |
en normal underramme, og et behandlingskredslab (1960), der er konfigureret
til at styre modtagerkredslabet (1952) og transmitterkredslabet (1955), kende-
tegnet ved, at behandlingskredslabet (1960) endvidere er konfigureret til:

at transmittere til brugerindretningen, via transmitterkredslabet (1955), en be-
villingsbesked, der angiver, at brugerindretningen er planlagt til transmission |
en underramme | Ilgbet af et underrammeinterval, hvor bevillingsbeskeden In-
deholder information, der angiver, at feerre symbolintervaller vil blive anvendt |
den underramme, der transmitteres af brugerindretningen 1 l@bet af underram-
meintervallet, end |1 den normale underramme ved Ikke at transmittere | et eller
flere symbolintervaller ved begyndelsen af underrammeintervallet; og

at modtage en underramme fra brugerindretningen, via transmitterkredslabet
(1952), 1 overensstemmelse med bevillingsbeskeden | labet af intervallet.

8. Basisstation ifalge krav 7, hvor informationen, der angiver, at feerre symbol-
Intervaller vil blive anvendt, specificerer et antal symbolintervaller, der ikke an-
vendes ved begyndelsen af underrammeintervallet.

9. Computerprogram til en brugerindretning, der er konfigureret til at transmit-
tere data til en basisstation | underrammer af et tidsdelt duplex-system, der
forekommer | definerede underrammeintervaller, hvor et forudbestemt antal
symbolintervaller anvendes 1 en normal underramme, hvilket computerpro-
gram omfatter en computerprogramkode, der, nar den eksekveres af bruger-
indretningen, far brugerindretningen til at udfare trinnene:

at modtage, fra basisstationen, en bevillingsbesked, der angiver, at brugerind-
retningen er planlagt 1 en transmissionsunderramme, hvor bevillingsbeskeden
Indeholder information, der angiver, at feerre symbolintervaller vil blive anvendt
| transmissionsunderrammen end | den normale underramme; 0g,

som reaktion pa informationen, der angiver, at faerre symbolintervaller vil blive
anvendt, at transmittere transmissionsunderrammen | overensstemmelse med
bevillingsbeskeden ved Ikke at transmittere | et eller flere symbolintervaller ved
begyndelsen af underrammeintervallet for transmissionsunderrammen og at
transmittere 1 symbolintervaller af resten af underrammeintervallet.
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10. Computerprogram til en basisstation, der er konfigureret til at modtage
data fra en brugerindretning | underrammer af et tidsdelt duplex-system, der
forekommer | definerede underrammeintervaller, hvor et forudbestemt antal
symbolintervaller anvendes 1 en normal underramme, hvilket computerpro-
gram omfatter en computerprogramkode, der, nar den eksekveres af basissta-
tionen, far basisstationen til at udfare trinnene:

at transmittere, til brugerindretningen, en bevillingsbesked, der angiver, at bru-
gerindretningen er planlagt til transmission 1 en underramme | l@bet af et un-
derrammeinterval, hvor bevillingsbeskeden indeholder information, der angi-
ver, at feerre symbolintervaller vil blive anvendt | den underramme, der trans-
mitteres af brugerindretningen 1 labet af underrammeintervallet, end 1 den nor-
male underramme ved ikke at transmittere | et eller flere symbolintervaller ved
begyndelsen af underrammeintervallet; og

at modtage en underramme fra brugerindretningen 1 overensstemmelse med
bevillingsbeskeden | labet af underrammeintervallet.

11. Ikke-midlertidigt computerlaesbart medium med et program gemt derpa,
hvilket computerprogram omfatter en computerprogramkode, der, nar den ek-
sekveres af en brugerindretning, der er konfigureret til at transmittere data til
en basisstation 1 underrammer af et tidsdelt duplex-system, der forekommer |
definerede underrammeintervaller, og hvor et forudbestemt antal symbolinter-
valler anvendes i en normal underramme, far brugerindretningen til at udfare
trinnene:

at modtage, fra basisstationen, en bevillingsbesked, der angiver, at brugerind-
retningen er planlagt 1 en transmissionsunderramme, hvor bevillingsbeskeden
Indeholder information, der angiver, at feerre symbolintervaller vil blive anvendt
| transmissionsunderrammen end | den normale underramme; 0g,

som reaktion pa informationen, der angiver, at feerre symbolintervaller vil blive
anvendt, at transmittere transmissionsunderrammen | overensstemmelse med
bevillingsbeskeden ved Ikke at transmittere | et eller flere symbolintervaller ved
begyndelsen af underrammeintervallet for transmissionsunderrammen og at
transmittere 1 symbolintervaller af resten af underrammeintervallet.
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12. lkke-midlertidigt computerlaesbart medium med et program gemt derpa,
hvilket computerprogram omfatter en computerprogramkode, der, nar den ek-
sekveres af en basisstation, der er konfigureret til at modtage data fra en bru-
gerindretning | underrammer af et tidsdelt duplex-system, der forekommer |
definerede underrammeintervaller, og hvor et forudbestemt antal symbolinter-
valler anvendes i en normal underramme, far basisstationen til at udfare trin-
nene:

at transmittere, til brugerindretningen, en bevillingsbesked, der angiver, at bru-
gerindretningen er planlagt til transmission 1 en underramme | l@bet af et un-
derrammeinterval, hvor bevillingsbeskeden indeholder information, der angi-
ver, at feerre symbolintervaller vil blive anvendt | den underramme, der trans-
mitteres af brugerindretningen 1 labet af underrammeintervallet, end 1 den nor-
male underramme ved ikke at transmittere | et eller flere symbolintervaller ved
begyndelsen af underrammeintervallet; og

at modtage en underramme fra brugerindretningen 1 overensstemmelse med
bevillingsbeskeden | labet af underrammeintervallet.
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RECEIVE CONFIGURATION INFORMATION
1610

DETERMINE THAT A TRANSMIT SUBFRAME
IS TO BE SHORTENED

1620

SHORTEN TRANSMISSION OF TRANSMIT :
SUBFRAME BY OMITTING ONE OR MORE '
SYMBOLS AT BEGINNING OF SUBFRAME INTERVAL
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SUBFRAME-SHORTENING INFORMATION
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