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1. Title of Invention

Busy Signal Transceiver

2. Detailed Explanation of the Invention
Description

5 The present invention relates to the field of communication
protocols, especially in communication networks utilizing
TDD (TDD = Time Division Duplex) .

The busy tone concept, cf. H. Haas, V. D. Nguyen, P. Omiyi,
10 N. H. Nedev, and G. Auer, "Interference aware medium access
in cellular ofdma/tdd network," in Proceedings of the
International Conference on Communications TICC'06, Istanbul,
Turkey: IEEE, June 11-15 2006, is a known concept. The use
of reservation indicators allows for acknowledgement of
15 data transmissions and for reservation of transmission
resources. Present communication systems, as for example,
LTE (LTE = Long Term Evolution), which is established as a
standard by 3GPP (3GPP = Third Generation Partnership
Project), utilize OFDM (OFDM = Orthogonal Frequency
20 Division Multiplexing) in order to achieve advanced data
through put rates, which, for example, range in the area of
100Mbit. Moreover, the WINNER (WINNER = Wireless World
Initiative New Radio) established an OFDM-TDD system
proposal. Furthermore, present and future communication
25 systems make use of asymmetric channels, meaning data rates

in the uplink and the downlink may differ significantly.

It is common to base the physical layer on time-frequency
slots, which are referred to as chunks or data chunks. For
30 example, in the TDD mode of the WINNER OFDM-TDD system, one
chunk may be composed of 16 subcarriers in the frequency
direction and 5 OFDM symbols in the time direction, which
is equivalent to a frequency-time slot of 781.25 kHz times
108.0 ps. Therewith, a chunk defines the granularity of the
35 WINNER system, which can be important for channel
allocation, and other system level functions, cf. WINNER,
"Winner II Test Scenarios and Calibration Cases Issue 1"
IST-4-0277756 WINNER II deliverable D6.13.1, June, 2006.
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The WINNER TDD physical layer modes may serve as an example
for an OFDM TDD physical layer mode with 100MHz bandwidth
subdivided into 104 chunks and having an effective signal

bandwidth of 81.25MHz, with the remaining 18.75MHz being
used as frequency guard band. The chunks can be organized
into frames or radio frames, wherein each frame may consist

of a downlink (DL = downlink) time slot (TS = time slot)

followed by an uplink (UL = uplink) time slot. The frame

duration can be 691.2us, which in the time direction
consists of 6 chunks (i.e. the duration of 6 OFDM symbols)

in total, and two duplex guard (DG = Duplex Guard)

intervals organized into a downlink slot and an uplink slot.
The DG are required to switch from transmission to
reception, or vice versa, and they constitute a switching
point or switching time slot Dbetween DL and UL. The

duration of the switching point is assumed to be 19.2 ups.

It is worth noting that this duration 1is close to the
duration of an OFDM-symbol, which is 20.48 ps. A variation
of the switching point consequently allows asymmetry ratios
between 6:0, 5:1, 4:2, .., 0:6 (UL:DL). Fig. 7 illustrates a
WINNER radio frame, which is used in a symmetric way, i.e.

3 data chunks are allocated to each of UL and DL.

Fig. 7 shows a view graph illustrating a symmetric use of a
WINNER TDD radio frame. Fig. 7 shows a time axis 710 and a
frequency axis 720. Along the time axis 710 a radio frame
730 is shown. The radio frame is comprised of an uplink
part 740 and a downlink part 750 according to the TDD
technique, where the uplink part 740 and the downlink part
750 are of equal duration, subdividing the radio frame 730
symmetrically. The uplink part 740 is comprised of 3 chunks
or data chunks 760, 762 and 764, and a duplex guard
interval (DG) 780. Correspondingly, the downlink part 750
is comprised of three chunks or data chunks 770, 772, and
774, and a duplex guard interval 782. Each of the uplink
parts 740 and the downlink part 750 has duration of 0.3456

milliseconds.



10

15

20

25

30

35

(25) JP 2009-10938 A 2009.1.15

Moreover, each of the data chunks 760-764 and 770-774 has a
chunk bandwidth 790, which is 781.2kHz. The chunk bandwidth
790 is subdivided into 16 subcarriers, and each chunk
comprises 5 OFDM symbols, so each chunk carries 16x5=80
data symbols. The duration of a duplex guard interval is
19.2ps. Fig. 7 illustrates an example for a radio frame 730
according the 100MHz-TDD mode of the WINNER specifications.

The busy tone concept, as introduced in H. Haas, V. D.

Nguyen, P. Omiyi, N. H. Nedev, and G. Auer, "Interference
aware medium access in cellular OFDMA/TDD network," in
Proceedings of the International Conference on

Communications ICC'06, Istanbul, Turkey: IEEE, June 11-15
2006, can be applied to the WINNER physical layer described
in Fig. 7. As mentioned above, one advantageous feature of
the TDD mode is the efficient support of channel asymmetry.
This is also a key requirement of the fourth generation (4G
= Fourth Generation) cellular systems because of the
plurality of different packet data services with different
traffic demands on UL and DL. Therefore, in order to be
able to achieve high spectral efficiency, the interface may
support varying channel asymmetries. This, however,
introduces a same entity interference. Mobile stations (MS
= Mobile Stations) interfere with other MS, and base
stations (BS = Base Stations) interfere with other BS in
addition to the well-known other entity interference from
cellular FDD (FDD = Frequency Division Duplex) systems.
When using the busy tone concept in such systems, problems

may arise, which are illustrated in Fig. 8.

Fig. 8 shows a typical scenario, with different switching
points between neighboring cells. Fig. 8 shows two radio
frames 810 and 820. The radio frame 810 is labeled with X1
and radio frame 820 is labeled with X2. The letters X stand
for either MS or BS. In the first cell, 5 chunks or data
chunks 830-834 are used for data transmission, whereas in

the second cell, only two chunks or data chunks 840 and 841
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are used for data transmission. In a similar way, in the
first cell, one chunk 836 is used for data reception and in
the second cell four chunks 842, 843, 844 and 845 are used
for data reception. Each link direction has an associated
minislot for busy tone signaling at the end of the radio
frame 810, respectively 820. The first cell uses minislot
836 for the busy signal of the transmission part and
minislot 837 for the busy signal of the reception part.
Correspondingly, the second cell utilizes minislot 846 for
the busy signal of its transmission part and minislot 847
for the busy signal of its reception part. Since the
minislots for the busy signals have to be at fixed and
known positions, it 1is not possible to allocate the
minislots for the busy signals directly before or after the
TX/RX switching points, which are indicated by the slots
838 and 848 respectively in Fig. 8.

Since the X-entities, i.e. entities of the same type,
transmit their busy tones at the same time instance, 836,
837, 846 and 847, they cannot share the busy signal of the
other same entity. This essentially means that no
interference protection from the same entity exists and
from Fig. 8 it can be seen that the severity of same entity
interference depends on the rates of asymmetry. In the
example, X1 interferes with X2 during the third (832, 842),
fourth (833, 843) and fifth (834, 844) chunks. Furthermore,
if DGs overlap with busy signals, the busy signals can be
masked and therefore disable the reservation feature of the

busy tone concept.

It is therefore the objective of the present invention to

provide an improved concept for using busy tone signaling.

The objective is achieved by a transceiver according to
claim 1 and 18, and a method for transceiving according to

claims 18 and 37.
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The objective 1s achieved by a transceiver comprising a
transmitter for transmitting a first payload signal in a
first predefined payload signal time slot and, subsequently,
a second payload signal in a second predefined payload
signal time slot to at least one other transceiver. The
transceiver further comprising a busy signal receiver for
receiving a first busy signal in a first predefined busy
signal time slot and a second busy signal in a second
predefined busy signal time slot from the at least one
other transceiver, the first Dbusy signal indicating
successful reception of the first payload signal and the
second busy signal indicating successful reception of the
second payload signal, wherein the transceiver is adapted
for inserting a switching time slot between transmitting a
payload signal and receiving a busy signal and wherein the
first predefined busy signal time slot is arranged in time
subsequent to the second predefined payload signal time
slot.

The objective is further achieved by a transceiver
comprising a receiver for receiving a first payload signal
in a first predefined payload signal time slot and a second
payload signal in a second predefined payload signal time
slot from at least one other transceiver. The transceiver
comprising a busy signal transmitter for transmitting a
first busy signal in a first predefined busy signal time
slot and a second busy signal in a second predefined busy
signal time slot to the at least one other transceiver, the
first busy signal indicating successful reception of the
first payload signal and the second busy signal indicating
successful reception of the second payload signal, wherein
the transceiver is adapted for inserting a switching time
slot between receiving a payload signal and transmitting a
busy signal and wherein the first predefined busy signal
time slot is arranged in time subsequent to the second

predefined payload signal time slot.
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The present invention is based on the finding, that the
busy tone concept can be modified grouping payload signal
time slots and busy signal time slots together in order to
avoid frequent switching of the transmission direction at
either side of the communication link. Therewith a lower
number of DGs 1s required in order to <carry out
transmission with the busy tone concept. Moreover, busy
tone masking can be avoided by staggering or spreading busy
tone signals across a number of busy tone time slots,
respectively minislots. Therewith the duration of a busy
signal can be extended over the duration of a masking

period of another busy signal.

Embodiments of the present invention allow busy tone
signaling in cellular networks with variable TDD switching
points and overcome the busy tone masking issue due to
duplex guard times. Embodiments therewith overcome the
issue of same entity interference and different channel
asymmetries can be supported by means of variable UL/DL
switching points, especially when the UL/DL switching time
is in the range of a minislot duration for busy tone
transmission. Embodiments take advantage of OFDM based
systems, where minislot durations typically can be
equivalent to the duration of an OFDM symbol, in other
embodiments the duration of a minislot may be less than the
duration of an OFDM symbol. Furthermore, as a side effect,
some embodiments enable the respective entity to determine
the adjusted UL/DL asymmetry in neighboring cells without

the need of a central controller.

Embodiments therewith provide the advantage of full
exploitation of the advantages of the busy tone concept,
i.e. <chunk protection and reservation, with variable
switching ©points. Moreover, embodiments provide the
advantage of an inherent signaling of the channel asymmetry

used.
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Embodiments of the present invention will be detailed using

the accompanying figures, in which:

Fig. 1la shows an embodiment of a transceiver apparatus;

Fig. 1b shows another embodiment of a transceiver

apparatus;

Fig. 1lc shows an embodiment of a radio frame;

Fig. 2a shows a radio frame with busy tone signaling;

Fig. 2b shows an embodiment of a radio frame with

different asymmetries;

Fig. 3 shows two radio frames to illustrate busy tone
masking;
Fig. 4 shows two embodiments of a radio frame

illustrating busy tone masking;

Fig. 5 shows an embodiment of two radio frames with
different asymmetries and staggering or spreading

of the busy tone;

Fig. 6 shows an embodiment of interleaved, dynmamic, or

long busy tone scheme;

Fig. 7 shows a WINNER radio frame; and
Fig. 8 shows two radio frames illustrating same entity
interference.

Fig. la shows a transceiver 100 comprising a transmitter
110 for transmitting a first payload signal in a first
predefined paylocad signal time slot and, subsequently, a
second payload signal in a second predefined payload signal

time slot to at least one other transceiver. The
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transceiver further comprises a busy signal receiver 120
for receiving a first Dbusy signal in a first predefined
busy signal time slot and a second busy signal in a second
predefined busy signal time slot from the at least one
other transceiver, the first busy signal indicating
successful reception of the first payload signal and the
second busy signal indicating successful reception of the
second payload signal, wherein the transceiver 100 1is
adapted for inserting a switching time slot or guard time
slot between transmitting a payload signal and receiving a
busy signal and wherein the first predefined busy signal
time slot is arranged in time subsequent to the second

predefined payload signal time slot.

In embodiments the first predefined payload signal time
slot can correspond to a first predefined uplink payload
signal time slot and the second predefined payload signal
time slot can correspond to a second predefined uplink
payload signal time slot and the transmitter 110 may be
further adapted for transmitting downlink busy signals in
predefined downlink busy signal time slots. The first
predefined busy signal time slot may correspond to a first
predefined uplink busy signal time slot and the second
predefined busy signal time slot may correspond to a second
predefined uplink busy signal time slot and the busy signal
receiver 120 can be further adapted for receiving downlink
payload signals in predefined downlink payload signal time

slots.

In embodiments the first and second predefined uplink
payload signal time slots and the predefined downlink busy
signal time slot can be arranged in time without a
switching time slot in between. The first and second
predefined uplink busy signal time slots and the predefined
downlink payload signal time slot can be arranged in time

without a switching time slot in between.
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In some embodiments the transceiver 100 may further
comprise a switch for switching an antenna path between the
transmitter 110 and the busy signal receiver 120 within the
switching time slot, the antenna path may be a connection
to one or more antennas. The antenna path may be switched
due to a reuse of a high frequency components for
transmitting and receiving and the switching may utilize a

time being less than the switching time slot.

In an embodiment, the transmitter 110 and the busy signal
receiver 120 can be adapted for transmitting and receiving
OFDM signals. The OFDM signals may be according to the
WINNER or LTE specifications. The transmitter 110 may be
adapted for transmitting payload signals and the busy
signal receiver 120 may Dbe adapted for receiving busy
signals being sequenced in radio frames being comprised of
a plurality of consecutive payload signal time slots and a

plurality of associated consecutive busy signal time slots.

In another embodiment, the transmitter 110 may be adapted
for transmitting a payload signal data chunk during a
payload signal time slot, a payload signal data chunk being
a time-frequency slot comprising a plurality of OFDM
symbols on a plurality of subcarriers. The transmitter 110
may be further adapted for transmitting a data chunk being
a time-frequency slot comprising four OFDM symbols on e.g.
16 subcarriers. In other embodiments, the transmitter 110
may be adapted for sequentially transmitting 0-6 payload
signal data chunks and the busy signal receiver 120 may be
adapted for receiving busy signals for the 0-6 payload

signal data chunks in a busy signal data chunk.

In further embodiments, the busy signal receiver 120 can be
adapted for receiving a busy signal data chunk every
seventh payload signal data chunk, the busy signal data
chunk comprising 6 OFDM symbols having information on 6

busy signals.
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In other embodiments, the busy signal receiver 120 may be
adapted for receiving a busy signal data chunk comprising
information on a plurality of busy signals, the information
on one busy signal being comprised in a plurality of OFDM
symbols in the busy signal data chunk. The busy signal
receiver 120 may be adapted for receiving a busy signal
data chunk, in which information on one busy signal is
comprised in two OFDM symbols. The busy signal receiver 120
may be further adapted for receiving a busy signal data
chunk comprising OFDM symbols being shorter in duration or
comprising 1less subcarriers than the OFDM symbols of a
payload signal data chunk. In other embodiments, the
transmitter 110 may be adapted for transmitting or the busy
signal receiver 120 may be adapted for receiving OFDM
symbols having a longer duration than the switching time
slot. The Dbusy signal receiver 120 may be adapted for
receiving additional feedback information within the busy

signal time slots.

Fig. 1b shows another embodiment of a transceiver 150
comprising a receiver 160 for receiving a first payload
signal in a first predefined payload signal time slot and a
second payload signal in a second predefined payload signal
time slot from at least one other transceiver. The
transceiver 150 further comprising a busy signal
transmitter 170 for transmitting a first busy signal in a
first predefined busy signal time slot and a second busy
signal in a second predefined busy signal time slot to the
at least one other transceiver, the first busy signal
indicating successful reception of the first payload signal
and the second busy signal indicating successful reception
of the second payload signal, wherein the transceiver 150
is adapted for inserting a switching time slot or guard
time slot Dbetween receiving a payload signal and
transmitting a busy signal and wherein the first predefined
busy signal time slot is arranged in time subsequent to the

second predefined payload signal time slot.
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In embodiments the first predefined payload signal time
slot can correspond to a first predefined downlink payload
signal time slot and the second predefined payload signal
time slot can correspond to a second predefined downlink
payload signal time slot and the receiver 160 can further
be adapted for receiving uplink busy signals in predefined
uplink busy signal time slots. Moreover, the first
predefined busy signal time slot can correspond to a first
predefined downlink busy signal time slot and the second
predefined busy signal time slot can correspond to a second
predefined downlink busy signal time slot and the busy
signal transmitter 170 may be further adapted for
transmitting uplink payload signals in predefined uplink

payload signal time slots.

In embodiments the first and second predefined downlink
payload signal time slots and the predefined uplink busy
signal time slots can be arranged in time without a
switching time slot in between. The first and second
predefined downlink busy signal time slots and the
predefined uplink payload signal time slot may be arranged

in time without a switching time slot in between.

In some embodiments the transceiver 150 may further
comprise a switch for switching an antenna path  between
the receiver 160 and the busy signal transmitter 170 within
the switching time slot, the antenna path being a
connection to one or more antennas. The antenna path may be
switched due to a reuse of a high frequency components for
transmitting and receiving and the switching may utilize a

time being less than the switching time slot.

transceiver 150 comprising a receiver 160 for receiving
payload signals in predefined payload signal time slots
from at least one other transceiver. The transceiver 150

further comprises a busy signal transmitter 170 for
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transmitting busy signals in predefined busy signal time
slots to the at least one other transceiver, a busy signal
indicating successful reception of a paylocad signal in an
associated payload signal time slot, wherein the
transceiver 150 is adapted for utilizing a switching time
slot between receiving a payload signal and transmitting a
busy signal and wherein the busy signal transmitter is
adapted for transmitting at least two busy signals in
predefined busy signal time slots being sequenced after two

associated payload signal time slots.

In embodiments, the receiver 160 may be adapted for
receiving and the busy signal transmitter 170 may be
adapted for transmitting OFDM symbols. The OFDM signals may
be according to the WINNER or the LTE specifications. The
receiver 160 can further be adapted for receiving payload
signals and the busy signal transmitter 170 can further be
adapted for transmitting busy signals sequenced in radio
frames, being comprised of a plurality of consecutive
payload signal time slots and a plurality of associated

consecutive busy signal time slots.

In further embodiments, the receiver 160 may be adapted for
receiving a payload signal data chunk during a payload
signal time slot, a payload signal data chunk being a time-
frequency slot comprising a plurality of OFDM symbols on a
plurality of subcarriers. The receiver 160 may be adapted
for receiving a payload signal data chunk being a time-
frequency slot comprising four OFDM symbols on e.g. 16
subcarriers. The receiver 160 may be further adapted for
sequentially receiving 0-6 payload signal data chunks and
the busy signal transmitter 170 may be adapted for
transmitting busy signals for the 0-6 payload signal data
chunks in a busy signal data chunk. The busy signal
transmitter 170 can be further adapted for transmitting a
busy signal data chunk every 7th payload signal data chunk,
the busy signal data chunk may comprise 6 OFDM symbols

having information on 6 busy signals.
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In an embodiment, the busy signal transmitter 170 can be
adapted for transmitting a busy signal data chunk
comprising information on a plurality of busy signals, with
information on one busy signal being comprised in a
plurality of OFDM symbols in the busy signal data chunk.
The busy signal transmitter 170 may be adapted for
transmitting a busy signal data chunk in which information

on one busy signal is comprised in 2 OFDM symbols.

In embodiments, the busy signal transmitter 170 may be
adapted for transmitting a busy signal data chunk
comprising OFDM symbols being shorter in duration or
comprising less subcarriers than the OFDM symbols of the

payload signal data chunks.

In embodiments, the receiver 160 may be adapted for
receiving or the busy signal transmitter 170 may be adapted
for transmitting OFDM symbols having a longer duration than
the switching time slots. In embodiments, the busy signal
transmitter 170 may be adapted for transmitting additional

feedback information within the busy signal time slots.

Fig. 1lc shows a radio frame with two payload signal time
slots 182 and 184 and two associated busy signal time slots
186 and 188. In the embodiment depicted in Fig. 1c, the
busy signal time slot 186 may be associated with the
payload signal time slot 182, respectively, the busy signal
times slot 188 may be associated with the payload signal
time slot 184. Fig. 1lc shows a radio frame wherein two of
the predefined busy signal time slots are sequenced after

two associated payload signal time slots.

In the following embodiments it is assumed that the
coherence time of the channel is larger than the WINNER TDD
frame duration. Under this assumption it is perfectly wvalid,
to group the busy tones for different chunks in a chunk at

the end, or at the beginning of the frame.
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According to Fig. 8 entities of the same type may transmit
their busy tones at the same time instance, 836, 837, 846
and 847, so they cannot share the busy signal of the other
same entity. This essentially means that no interference
protection from the same entity exists and from Fig. 8 it
can be seen that the severity of same entity interference
depends on the rates of asymmetry. In the example, X1
interferes with X2 during the third (832, 842), fourth (833,
843) and fifth (834, 844) chunks. In order to solve this
problem, the busy tone part somehow has to follow the
asymmetry in the data part according toc an embodiment. This
would mean that every chunk, as the granularity defining
unit, has to get assigned a busy tone, according to the
busy tone specification, compare H. Haas, V. D. Nguyen, P.
Omiyi, N. H. Nedev, and G. Auer, "Interference aware medium
access in cellular ofdma/tdd network," in Proceedings of
the International Conference on Communications ICC'06,
Istanbul, Turkey: IEEE, June 11-15 2006). An embodiment

showing a way of achieving this is illustrated in Fig. 2a.

Fig. 2a illustrates a number of data chunks 910-915, of
which data chunks 910, 911 and 912 are used for the
downlink direction and data chunks 913, 914 and 915 are
used for the uplink direction. Each data chunk is comprised
of three OFDM symbols x 16 subcarriers. As an example, data
chunk 910 is detailed with 3 OFDM symbols 920, a DG 922 and
a busy burst or busy signal 924. All other data chunks 911-
915 are composed in a similar way. Between consecutive data
chunks of the same transmission direction, i.e. Dbetween
consecutive DL data chunks or UL data chunks, there are
extra DGs 930-933, because of the opposite transmission
directions of the respective busy bursts and data parts. In
Fig. 2a it can be seen, that between data chunk 912 and
data chunk 913 there is no extra DG, since the busy burst
of data chunk 912 has the same transmission direction as
the data part of the uplink data chunk 913.
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In Fig. 2a, one of the 6 OFDM symbols that form a chunk is
defined as a minislot, which carries the busy signal. As
the busy tone transmission is in opposite direction to the
data transmission direction, the receiver broadcasts the
busy signal, additional DGs are required. If a DL chunk
follows another DL chunk, or a UL chunk follows another UL
chunk, essentially 2 DGs are needed. If a DL chunk follows
a UL chunk, or vice versa, only one DG is required.
Recalling that a DG duration may be approximately the same
as the duration of an OFDM symbol, in the worst case, two
out of the six OFDM symbols in a chunk are used to switch
the transmission direction. Obviously, this way of solving

the problem is very inefficient.

The efficiency of the known solution in Fig. 2a can be
significantly increased by dedicating one special chunk,
i.e. a busy signal data chunk, at the beginning or end of
the frame for busy signal transmission. This is illustrated
in the embodiment of a radio frame depicted in Fig. 2b. Fig.
2b shows examples of several asymmetric and symmetric radio
frames of a base station 210 and the corresponding radio
frames of a mobile station 220. Each radio frame consists
of a data part 230, in which a plurality of payload signal
data chunks, as for example, 232 and 234 are transmitted,
where one payload signal data chunk may be transmitted or

received in dependence on the asymmetry of the radio frame.

The data part 230 is followed by a busy signal data chunk
240, comprising the busy signals associated with the
payload signal data chunks. Fig. 2b shows in an example 6
payload signal data chunks in the data part 230 with the
associated 6 busy signals in the busy signal data chunk 240.
Both the data part and the busy signal data chunks comprise
a duplex guard interval 250 and respectively 252, which’s
positions depend on the asymmetry of the radio frame and
which are dedicated to the data part 230, respectively
their busy signal data chunk 240, for illustration purposes,

and which is not to be understood in any limiting way. In
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the radio frame illustrated in Fig. 2b, four OFDM symbols
form a data chunk or payload signal data chunk, as for
example, in the chunks 232 and 234. The last chunk of the
radio frame is reserved for busy signal transmission. To
avoid the insertion of additional DGs, all busy slots are
grouped together and appended directly to the associated
UL/DL sub-frames, to form all together and having 6 OFDM
symbols in the example illustrated in Fig. 2b comprised in

a busy signal data chunk 240.

As can be seen, for the entire frame, only two DG periods
are needed, i.e. no additional DGs are required compared to
the original frame structure. Furthermore, it can be seen
that the total number of all OFDM symbols per frame, in the
example depicted in Fig. 2b it is 32 OFDM symbols, is also
the same as in the original case. The same holds for the
number of data chunks, which is 6 in the respective example
in Fig. 2b. Each of the 6 busy tone OFDM symbols is
associated with one data chunk. The locations of the DGs
are dependent on the rate of asymmetry in the system. For
example, assume a rate of asymmetry of 4:2 (DL:UL) this
means that the MS receives only 4 chunks, i.e. on symbols
1-16. The 17th symbol is used for switching to the UL
direction. The MS then transmits on the last two chunks,
i.e. on symbols 18-25. After UL transmission, no UL/DL
switching is required, as the first 4 OFDM symbols of the
busy tone chunk are associated to the first four downlink
chunks, i.e. the MS continues transmitting on those four
OFDM symbols. It transmits the respective busy tone. The
following symbol is a DG, cf. symbol 30, and the 1last
remaining OFDM symbols are busy tones associated to the UL
direction, the MS receives, and continuous receiving at the
beginning of the subsequent frame. As a consequence, no

additional DGs are needed.

The frame structure as depicted in Fig. 2b has the
advantage that the number of UL/DL switching points 1is

minimum, i.e. only two. Terminals can be classified
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according to the degree of vulnerability, where the greater
the number of receiving slots, the more wvulnerable, i.e.
the most affected victim has the most receiving data slots.
The least vulnerable entities, and most likely interferers
are 1in the middle of the diagram, and the level of
vulnerability increases towards the upper and lower edge of
the diagram. In this context, an interesting observation
can be made, the more 1likely one entity acts as an
interferer, i.e. high number of transmit data chunks, the

more often these entities have to listen to busy signals.

Embodiments according to Fig. 2b may generate a further
problem, when the demanded channel asymmetry varies among
adjacent cells. As indicated in Fig. 2b, the TDD mode is
very well suited for this purpose. However, the busy tone
transmission imposes a challenge to be solved, which will
be explained in the following according to Fig. 3. Fig. 3
shows a similar radio frame structured as it was discussed
with the help of Fig. 2b. Therefore, a repeated description
of the frame structure, i1.e. payload signal data chunks and
busy signal data chunks etc. is omitted. This also holds
for the following figures. Fig. 3 shows two radio frames of
two MSs, MS1 and MS2. In the example, two mobile stations
are assumed to be in different cells. The channel asymmetry
is 4:2 for MS1 and 2:4 for MS2, respectively. MS1 in the
first cell, with asymmetry 4:2 receives on the third chunk,
i.e. on symbols 9-12, and it transmits the busy tone with a
symbol 28 in the busy tone chunk.

The second mobile station, MS2, which has asymmetry 2:4
which intends to transmit on the third chunk, cannot hear
the busy signal from MS1 due to the DG. This effect is
referred to as busy tone masking. As a consequence MS2
transmits, as the received busy signal is clearly below a
preset threshold and only noise is received in this two-
user scenario in the busy signal time slot. If the MS2 is

very close to MS1, MS1 will not be able to receive its data
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correctly, and the interference protection property of the

busy tone concept is violated.

Another illustration of the busy tone masking problem that
may occur is depicted in Fig. 4. Fig. 4 shows again 2 radio
frames, which are comprised of data chunks and a busy burst
frame or busy burst data chunk. At the top of Fig. 4, a
radio frame for a mobile station having a 3:3 asymmetry is
depicted, whereas at the bottom of Fig. 4 a radio frame for
a MS with 2:4 asymmetry is depicted. The busy tone masking
problem may occur when adjacent cells demand different
channel asymmetries. Fig. 4 shows that the mobile station
having the 2:4 asymmetry cannot overhear the busy burst
transmitted by the other MS during symbol 28. Therefore,
the MS with the channel asymmetry 2:4 transmits during the
next radio frame on the symbols 10, 11 and 12 and may cause

interference to the other MS.

Embodiments may solve this problem by staggered and dynamic
busy burst schemes or respectively by interleaved, dynamic
and long busy burst schemes. Embodiments exploit the fact
that subcarriers within on chunk are correlated as the
coherence bandwidth is generally greater than the range of
frequencies spanned by one chunk. As a consequence, the
busy signal does not have to be on all subcarriers within a
chunk. In the extreme, the transmission on only one
subcarrier suffices. Embodiments partially solve the busy
tone masking problem by transmitting the busy tone symbols
in a staggered fashion, where each busy burst symbol will
be transmitted over two halves of two consequent OFDM
symbols. Thereby it can be guaranteed that at least one
half can be heard, when the other is masked. Fig. 5
illustrates this example, using the view graph that was
already described with the help of Fig. 2b.

Fig. 5 shows that the busy signals associated with the
payload signal data chunk are now staggered or spread
across at least two OFDM symbols within the busy signal
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data chunk. Again considering two adjacent cells with DL/UL
asymmetry of, for example, 1:5 and the other with asymmetry
3:3. Without the staggered busy burst, the MS in the first
cell, with the 1:5 asymmetry ratio, would not detect the
second busy burst symbol of the MS in the cell with
asymmetry 3:3, and would thus interfere with the symbols
indexed 6 to 8 at that MS. However, with the staggering,
the required busy burst is also sent in the third busy
burst symbol, as is indicated in Fig. 5, which is heard by
the first MS with asymmetry 1:5 and thus interference is
avoided. However, this is not the case with the busy burst
signal sent from a MS with asymmetry 2:4. The first MS by
failing to detect the second busy burst symbol, fails to
detect the signal associated with symbols 6 to 8, and thus
still interferes with the MS with asymmetry 2:4 receiving

data during this time without the embodiment.

Given the DG exceeds the duration of one busy slot, the
number of staggered busy tones can be set larger than two
in other embodiments, so effectively avoiding the masking
problem for arbitrary DG 1lengths. To this end, the
embodiment illustrated in Fig. 2b can be wviewed as a
special case of the staggered busy slots, where the number

of staggered busy slots is 1.

Moreover, the busy slots are also foreseen to carry low-
rate feedback piggy packed on the busy signal. To this end,
in Fig. 5, the 6th busy slot is allocated less subcarriers
than busy slots 1-5. This limitation can be easily overcome
by a cyclic staggering of busy slots. In this case, the
empty busy slots in Fig. 5 are assigned to the last chunk,

i.e. chunk 6 in Fig. 5.

The embodiments presented previously impose an overhead of
1 OFDM symbol per chunk for busy tone reservation. For the
WINNER system the overhead amounts to 6 OFDM symbols per
frame. On the other hand, only one sub carrier per chunk is

required to effectively support the busy signal approach.
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Remaining subcarriers, i.e. 15 for the considered WINNER

parameters, are available for low-rate feedback piggy

packed on the busy signal. It might happen that the

required low-rate feedback is less than 15 subcarriers per

chunk, resulting in unnecessary high overheads. This

problem can effectively be avoided by choosing a shorter
OFDM symbol 1length of the busy chunks than for the

corresponding data chunks. For instance, cutting the length

of the busy chunk by a factor of 2, means that the busy

signal overhead is approximately halved. Since the cyclic
prefix overhead, typically 5-20% of the OFDM symbol
duration, does not reduce by shortening the OFDM symbol

length, the overhead reduction is reduced accordingly. Then

one chunk only carries 8 subcarriers, which reduces the

number of subcarriers for low rate feedback to 7.

Embodiments therewith may provide the advantage, that

system efficiency may be further increased by choosing less

subcarriers for a busy signal data chunk than for a payload

signal data chunk.

In other embodiments, the busy burst signal uses two
consecutive OFDM symbols, so that the effective length of

the busy burst signal is greater than the DG. In order to

minimize the overhead, frequency correlation within a chunk

is exploited and interleaving is employed. Fig. 6 shows a

corresponding view graph of this embodiment. It can be seen,

that one busy

signal spans 2 OFDM symbols of the busy

signal data chunk. This embodiment completely eliminates

the busy tone masking problem. This, however, comes at the

expense of reduced flexibility 1in supporting different

channel asymmetry ratios. Namely, only even symmetries are

feasible with

Nevertheless,

the set up as can be seen in Fig. 6.

these embodiments circumvent the problem of

busy tone masking.

Embodiments of

the present invention take advantage of the

busy tone signaling scheme avoiding high overheads, e.g.

evoked by DGs,

by grouping payload signal time slots and



(43) JP 2009-10938 A 2009.1.15

busy signal time slots. Embodiments may make use of the
WINNER defined physical layer structure for the TDD mode.
Embodiments of the present invention are not restricted to
the WINNER physical layer mode and may be adapted to
arbitrary frame structures. The advantages of embodiments
are utilized if at least two payload signal time slots are
grouped together followed by two associated busy signal
time slots, compare Fig. 1lc. Embodiments of the present
invention therewith apply to busy tone protocol
implementations, and are not restricted to the above

described detailed physical layer parameters.

Depending on certain implementation requirements of the
inventive methods, the inventive methods can be implemented
in hardware or in software. The implementation can be
performed using a digital storage medium, in particular a
disc, DVD or CD having electronically readable control
signals stored thereon, which cooperate with a programmable
computer system such that the inventive methods are
performed. Generally, the present invention is, therefore,
a computer program product with a program code stored on a
machine readable carrier, the program code being operative
for performing the inventive methods, when the computer
program product runs on a computer. In other words, the
inventive methods are, therefore, a computer program having
a program code for performing at least one of the inventive

methods when the computer program runs on a computer.
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List of Reference Signs

Transceiver

Transmitter

Busy Signal Receiver
Transceiver

Receiver

Busy Signal Transmitter
Radio Frame

Payload Signal Time Slot 1
Payload Signal Time Slot 2
Busy Signal Time Slot 1
Busy Signal Time Slot 2

Radio Frame of Base Station
Radio Frame of Mobile Station
Data Part

Payload Signal Data Chunk
Payload Signal Data Chunk
Busy Signal Data Chunk

Time Axis
Frequency Axis
Radio Frame
Uplink Chunks
Downlink Chunks
Uplink Chunk
Uplink Chunk
Uplink Chunk
Downlink Chunk
Downlink Chunk
Downlink Chunk
Duplex Guard
Duplex Guard
Chunk Bandwidth

Radio Frame

Radioc Frame
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831
832
833
834
835
836
837
838
840
841
842
843
844
845
846
847
848

910
911
912
913
914
915
920
922
924
930
931
932
933

(45)

Transmit Chunk cell
Transmit Chunk cell
Transmit Chunk cell

Transmit Chunk cell

e

Transmit Chunk cell
Receive Chunk cell 1
Busy Signal Transmit Part
Busy Signal Receive Part
Switching Point cell 1
Transmit Chunk cell 2
Transmit Chunk cell 2
Receive Chunk cell

Receive Chunk cell

NN

Receive Chunk cell
Receive Chunk cell 2

Busy Signal Transmit Part
Busy Signal Receive Part

Switching Point cell 2

Downlink Data Chunk
Downlink Data Chunk
Downlink Data Chunk
Uplink Data Chunk
Uplink Data Chunk
Uplink Data Chunk
Data Part

Duplex Guard

Busy Burst

Duplex Guard
Duplex Guard
Duplex Guard
Duplex Guard

JP 2009-10938 A 2009.1.15
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Claims

Transceiver (100) comprising

a transmitter (110) for transmitting a first payload
signal in a first predefined payload signal time slot
and, subsequently, a second payload signal in a second
predefined payload signal time slot to at least one

other transceiver; and

a busy signal receiver (120) for receiving a first
busy signal in a first predefined busy signal time
slot and a second busy signal in a second predefined
busy signal time slot from the at least one other
transceiver, the first busy signal indicating
successful reception of the first payload signal and
the second busy signal indicating successful reception

of the second payload signal;

wherein the transceiver (100) is adapted for inserting
a switching time slot between transmitting a payload
signal and receiving a busy signal and wherein the
first predefined busy signal time slot is arranged in
time subsequent to the second predefined payload

signal time slot.

Transceiver (100) of c¢laim 1, wherein the first
predefined payload signal time slot corresponds to a
first predefined uplink payload signal time slot and
the second predefined payload signal time slot
corresponds to a second predefined uplink payload
signal time slot and wherein the transmitter (110) is
further adapted for transmitting downlink busy signals
in predefined downlink busy signal time slots and
wherein the first predefined busy signal time slot
corresponds to a first predefined uplink busy signal
time slot and the second predefined busy signal time

slot corresponds to a second predefined uplink busy
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signal time slot and wherein the busy signal receiver
(120) is further adapted for receiving downlink
payload signals 1in predefined downlink paylcocad signal

time slots.

Transceiver (100) of claim 2, wherein the first and
second predefined uplink payload signal time slots and
the predefined downlink busy signal time slot are
arranged in time without a switching time slot in

between.

Transceiver (100) of one of the claims 2 or 3, wherein
the first and second predefined uplink busy signal
time slots and the predefined downlink paylcad signal
time slot are arranged in time without a switching

time slot in between.

Transceiver (100) of one of the claims 1 to 4, further
comprising a switch for switching an antenna path
between the transmitter (110) and the busy signal
receiver (120) within the switching time slot, the
antenna path being a connection to one or more

antennas.

Transceiver (100) of one of the claims 1 to 5, wherein
the transmitter (110) is adapted for transmitting and
the busy signal receiver (120) 1s adapted for

receiving OFDM signals.

Transceiver (100) of claim 7, wherein the transmitter
(110) is adapted for transmitting and the busy signal
receiver (120) is adapted for receiving OFDM signals

according to the WINNER or LTE specifications.

Transceiver (100) of one of the preceding claims,
wherein the transmitter (110) is adapted for
transmitting the payload signals and the busy signal

receiver (120) is adapted for receiving the busy
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signals being sequenced in radio frames Dbeing
comprised of a plurality of consecutive payload signal
time slots and a plurality of associated consecutive

busy signal time slots.

Transceiver (100) of one of the preceding claims,
wherein the transmitter (110) is adapted for
transmitting a payload signal data chunk during a
payload signal time slot, a payload signal data chunk
being a time-frequency slot comprising a plurality of

OFDM symbols on a plurality of subcarriers.

Transceiver (100) of claim 9, wherein the transmitter
(110) is adapted for transmitting the data chunk being
a time-frequency slot comprising four OFDM symbols on

16 subcarriers.

Transceiver (100) of one of the claims 9 or 10,
wherein the transmitter (110) 1is adapted for not
transmitting or for sequentially transmitting 1-6
payload signal data chunks and wherein the busy signal
receiver (120) 1is adapted for not receiving or for
receiving busy signals for the 1-6 payload signal data

chunks in a busy signal data chunk.

Transceiver (100) of claim 11, wherein the busy signal
receiver (120) is adapted for receiving the busy
signal data chunk every 7th payload signal data chunk,
the busy signal data chunk comprising 6 OFDM symbols

having information on 6 busy signals.

Transceiver (100) of one of the claims 11 or 12,
wherein the busy signal receiver (120) is adapted for
receiving busy signal data chunks comprising
information on a plurality of busy signals, the
information on one busy signal being comprised in a
plurality of OFDM symbols in the busy signal data

chunk.



10

15

20

25

30

35

14.

15.

16.

17.

18.

(49) JP 2009-10938 A 2009.1.15

Transceiver (100) of claim 13, wherein the busy signal
receiver (120) 1is adapted for receiving busy signal
data chunks, in which information on one busy signal
is comprised in two OFDM symbols or in which one OFDM

symbols comprises information on multiple busy signal.

Transceiver (100) of one of the claims 6-14, wherein
the busy signal receiver (120) is adapted for
receiving a busy signal data chunk comprising OFDM
symbols being shorter in duration or comprising less
subcarriers than the OFDM symbols of a paylcad signal
data chunk.

Transceiver (100) of one of the claims 1-15, wherein
the transmitter (110) is adapted for transmitting or
the Dbusy signal receiver (120) is adapted for
receiving OFDM symbols having a longer duration than

the switching time slot.

Transceiver (100) of one of the preceding c¢laims,
wherein the busy signal receiver (120) is adapted for
receiving additional feedback information within the

busy signal times slots.

Method for transceiving, comprising the steps of

transmitting a first payload signal in a first
predefined payload signal time slot to at least one

transceiver;

transmitting a second payload signal in a second
predefined payload signal time slot to the at least

one transceiver;

inserting a switching time slot between transmitting a

payload signal and receiving a busy signal;
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receiving a first busy signal in a first predefined
busy signal time slot from the at 1least one
transceiver, the first busy signal indicating

successful reception of the first payload signal;

receiving a second busy signal in a second predefined
busy signal time slot from the at 1least one
transceiver, the second busy signal indicating

successful reception of the second payload signal; and

receiving the first predefined busy signal time slot
subsequent to the second payload signal time slot.

Computer program having a program code for performing
the method according to claim 18, when the program

code runs on a computer.

Transceiver (150) comprising

a receiver (160} for receiving a first payload signal
in a first predefined payload signal time slot and a
second payload signal in a second predefined payload
signal time slot from at least one other transceiver;

and

a busy signal transmitter (170) for transmitting a
first busy signal in a first predefined busy signal
time slot and a second busy signal in a second
predefined busy signal time slot to the at least one
other transceiver, the first busy signal indicating
successful reception of the first payload signal and
the second busy signal indicating successful reception

of the second payload signal;

wherein the transceiver (150) is adapted for inserting
a switching time slot between receiving a payload
signal and transmitting a busy signal and wherein the

first predefined busy signal time slot is arranged in
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time subsequent to the second predefined paylocad

signal time slot.

Transceiver (150) of claim 20, wherein the first
predefined payload signal time slot corresponds to a
first predefined downlink payload signal time slot and
the second predefined paylcad signal time slot
corresponds to a second predefined downlink payload
signal time slot and wherein the receiver (160) 1is
further adapted for receiving uplink busy signals in
predefined uplink busy signal time slots and wherein
the first predefined busy signal time slot corresponds
to a first predefined downlink busy signal time slot
and the second predefined busy signal time slot
corresponds to a second predefined downlink busy
signal time slot and wherein the busy signal
transmitter (170) is further adapted for transmitting
uplink payload signals in predefined uplink payload

signal time slots.

Transceiver (150) of claim 21, wherein the first and
second predefined downlink payload signal time slots
and the predefined uplink busy signal time slots are
arranged in time without a switching time slot in

between.

Transceiver (150} of one of the c¢laims 21 or 22,
wherein the first and second predefined downlink busy
signal time slots and the predefined uplink payload
signal time slot are arranged in time without a

switching time slot in between.

Transceiver (150) of one of the claims 20 to 23,
further comprising a switch for switching an antenna
path between the receiver (160) and the busy signal
transmitter (170) within the switching time slot, the
antenna path being a connection to one or mwore

antennas.
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Transceiver (150} of one of the claims 20 to 24,
wherein the receiver (160) 1is adapted for receiving
and the busy signal transmitter (170) is adapted for
transmitting OFDM signals.

Transceiver (150) of claim 25, wherein the receiver
(160) is adapted for receiving and the busy signal
transmitter (170) 1is adapted for transmitting OFDM

signals according to the WINNER or LTE specifications.

Transceiver (150) of one of the claims 20-26, wherein
the receiver (160) 1s adapted for receiving the
payload signals and the busy signal transmitter (170)
is adapted for trangsmitting the busy signals being
sequenced in radio frames being comprised of a
plurality of consecutive payload signal time slots and
a plurality of associated consecutive busy signal time

slots.

Transceiver (150) of one of the claims 20-27, wherein
the receiver (160) is adapted for receiving a payload
signal data chunk during a payload signal time slot, a
payload signal data chunk being a time-frequency slot
comprising a plurality of OFDM symbols on a plurality

of subcarriers.

Transceiver (150) of claim 28, wherein the receiver
(160) is adapted for receiving the payload signal data
chunk being a time-frequency slot comprising four OFDM

symbols on 16 subcarriers.

Transceiver (150) of one of the claims 28 or 29,
wherein the receiver (160) is adapted for not
receiving or for sequentially receiving 1-6 payload
signal data chunks and wherein the busy signal

transmitter (170) is adapted for not transmitting or
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for transmitting busy signals for 1-6 payload signal
data chunks in a busy signal data chunk.

Transceiver (150) of claim 30, wherein the busy signal
transmitter (170) is adapted for transmitting a busy
signal data chunk every 7th payload signal data chunk,
the busy signal data chunk comprising 6 OFDM symbols

having information on 6 busy signals.

Transceiver (150) of one of the claims 30 or 31,
wherein the busy signal transmitter (170) is adapted
for transmitting a busy signal data chunk comprising
information on a plurality of busy signals, the
information on one busy signal being comprised in a
plurality of OFDM symbols in the busy signal data

chunk.

Transceiver (150) of claim 32, wherein the busy signal
transmitter (170) is adapted for transmitting a busy
signal data chunk in which information on one busy

signal is comprised in 2 OFDM symbols.

Transceiver (150) of one of the claims 21-33, wherein
the busy signal transmitter (170) is adapted for
transmitting a busy signal data chunk comprising OFDM
symbols being shorter in duration or comprising less
subcarriers than the OFDM symbols of the payload

signal data chunks.

Transceiver (150) of one of the claims 20-34, wherein
the receiver (160) is adapted for receiving or the
busy signal transmitter (170) is adapted for
transmitting OFDM symbols having a longer duration

than the switching time slot.

Transceiver (150) of one of the claims 20-35, wherein

the Dbusy signal transmitter (170) is adapted for
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transmitting additional feedback information within

the busy signal time slots.

Method for transceiving, comprising the steps of

receiving a first payload signal in a first predefined
payload signal time slot from at least one

transceiver;

receiving a second payload signal 1in a second
predefined payload signal time slot from at the least

one transceiver;

inserting a switching time slot between receiving a

payload signal and transmitting a busy signal;

transmitting a first busy signal in a first predefined
busy signal time slot to the at least one transceiver,
the first busy signal indicating successful reception

of the first payload signal; and

transmitting a second busy signal in a second
predefined busy signal time slot to the at least one
transceiver, the second busy signal indicating

successful reception of the second payload signal;

wherein the first predefined busy signal time slot is
arranged in time subsequent to the second predefined

payload signal time slot.

Computer program having program code for performing
the method of claim 37, when the program code runs on

a computer.
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Abstract

5 A transceiver (100) comprising a transmitter (110) for
transmitting a first payload signal in a first predefined
payload signal time slot and, subsequently, a second
payload signal in a second predefined payload signal time
slot to at least one other transceiver. The transceiver

10 further comprising a Dbusy signal receiver (120) for

receiving a first busy signal in a first predefined busy

signal time slot and a second busy signal in a second
predefined busy signal time slot from the at least one
other transceiver, the first busy signal indicating

15 successful reception of the first payload signal and the

second busy signal indicating successful reception of the

second payload signal, wherein the transceiver (100) 1is
adapted for inserting a switching time slot between
transmitting a payload signal and receiving a busy signal

20 and wherein the first predefined busy signal time slot is

arranged in time subsequent to the second predefined

payload signal time slot.
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