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TRANSMITTER AND RECEIVER FOR A WIRELESS COMMUNICATION
SYSTEM

TECHNICAL FIELD

The present invention relates to a transmitter and a receiver for a wireless communication
system. The present invention also relates to a method for transmitting a first downlink burst
and to a computer-readable storage medium storing program code, the program code compris-

ing instructions for carrying out such a method.

BACKGROUND

The 3rd Generation Partnership Project (3GPP) started a release 13 Long Term Evolution
(LTE) study item, Licensed Assisted Access (LAA) with at least one licensed carrier as the
primary cell (PCell) and at least one unlicensed carrier as the secondary cell (SCell), aiming
to use the unlicensed spectrum, on which WiFi is currently deployed. It is observed that LTE
significantly impacts WiFi performance in LTE-WiFi coexistence case, if current LTE func-
tionalities are assumed. One major reason is that WiFi follows Listen-Before-Talk (LBT)
principle, which specifies that a transmitting Node can only start transmitting after it has per-
formed Clear Channel Assessment (CCA) and measured that the channel is idle, while a lega-
cy LTE Node does not perform CCA and may transmit continuously. An important problem
for LTE Release 13 LAA is how to achieve fair and effective coexistence with Wi-Fi, and
among LAA networks deployed by different operators. To ensure fair co-existence with WiFi,

LTE needs to be modified to also support LBT on the unlicensed band.

There are basically two types of LBT mechanisms, FBE (Frame Based Equipment) and LBE
(Load Based Equipment), where for FBE only one CCA phase is needed and the CCA 1is per-
formed in pre-defined fixed timeline, thus resulting in fixed starting time for downlink trans-
mission, while for LBE both CCA phase and extended CCA phase are needed and the CCA

may happen at any time resulting in flexible starting times for downlink transmissions.
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As specified in ETSI EN 300 328, for FBE, before transmission, the equipment shall perform
a Clear Channel Assessment (CCA) check. The equipment shall observe the operating chan-
nel for the duration of the CCA observation time which shall be not less than 20 ps. If the
equipment finds the channel occupied, it shall not transmit on this channel during the next
Fixed Frame Period. The total time during which an equipment has transmissions on a given
channel without re-evaluating the availability of that channel, is defined as the Channel Occu-
pancy Time. The Channel Occupancy Time shall be in the range 1 ms to 10 ms followed by
an Idle Period of at least 5 % of the Channel Occupancy Time used in the equipment for the

current Fixed Frame Period.

For LBE, initial CCA is performed before using the channel and CCA observation time is
minimum 20 ps. If the equipment finds the channel to be clear, it may transmit immediately.
If the equipment finds the channel occupied, it shall not transmit on this channel. The equip-
ment shall perform an Extended CCA check in which the channel is observed for the duration
of a random factor R multiplied by the CCA observation time. N defines the number of clear
idle slots resulting in a total Idle Period that needs to be observed before initiation of the
transmission, where a slot can be interpreted as a time unit the equipment determines the me-
dium is busy or idle. The value of N shall be randomly selected in the range 1..q every time an
Extended CCA is required and the value stored in a counter. The value of q is selected by the
manufacturer in the range 4..32. The counter is decremented every time a CCA slot is consid-
ered to be 'unoccupied'. When the counter reaches zero, the equipment may transmit. This
Channel Occupancy Time shall be less than (13/32) % q ms, with q as defined above, after
which the device shall perform the Extended CCA described.

SUMMARY OF THE INVENTION

The objective of the present invention is to provide a transmitter and a receiver wherein the
transmitter and the receiver overcome one or more of the problems of the prior art. In particu-
lar, an object of the present invention can include addressing the problem of inefficient chan-
nel contention for downlink data transmission, the problem of DRS transmission especially
concerning mismatch of the DRS subframe pattern and start of a downlink burst , and/or the

problem of inefficient use of a transmission opportunity.
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A first aspect of the invention provides a transmitter for a wireless communication system,
configured to stop a transmission of a first downlink burst such that it ends before a predeter-
mined gap interval before a downlink subframe in a Discovery signal Measurement Timing
Configuration, DMTC, window of the wireless communication system. DMTC window is

also known as DMTC occasion.

The transmitter of the first aspect ensures that a downlink burst is stopped before the prede-

termined gap interval, such that no downlink transmission occurs during the gap interval.

Which of the subframes is preceded by the gap interval can be pre-defined or network config-
ured. For example, it can be defined as one of candidate transmit intervals for DRS within the
DMTC window. This provides the advantage that a downlink burst before the DMTC window
may better make use of the maximum occupancy time by not stopping at the first subframe in
the DMTC window, while still being able to provide some empty time for other eNBs sensing
the channel in the remaining time after the downlink transmission ending at a previous

subframe in the DMTC window.

A downlink burst in the present invention can refer to any downlink transmission from the
time an eNodeB starts a downlink transmission after CCA success to the time the eNodeB

ends the transmission and starts CCA again.

Preferably, the transmission of a downlink burst, e.g. a downlink burst containing PDSCH, is
stopped at a gap which starts a certain time, ¢.g. at least the duration of the predetermined gap
interval, before a downlink subframe in the DMTC window, where said downlink burst starts
at a time which is outside of the DMTC window, and a DRS specific LBT is performed after
the end of said downlink burst transmission. A DRS specific LBT could be either FBE based
or LBE based, with the restriction that the start position of a downlink burst can only be time

aligned with the DRS pattern, e.g. at the start of subframe boundary as Rel-12 DRS.

In a first implementation of the transmitter according to the first aspect, the transmitter is fur-
ther configured to start the first downlink burst at a first point in time and stop the first down-
link burst at a second point in time, wherein a time interval between the first point in time and

the second point in time is not longer than a predetermined maximum burst duration, and a
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time interval between the first point in time and the downlink subframe is not longer than a

sum of the maximum burst duration and a duration of the predetermined gap interval.

In a second implementation of the transmitter according to the first aspect, the downlink
subframe is one of:
- a first subframe in the DMTC window and

- a candidate transmit interval for a discovery signal in the DMTC window.

There are several advantages in stopping the downlink burst starting in a subframe not in the
DMTC window at a gap interval before the first downlink subframe in the DMTC window.
First, it allows LBE based LBT for data transmission outside of the DMTC window where a
DMTC window, e.g. 6ms in LTE Rel-12, is usually quite short compared to the DMTC perio-
dicity, e.g. no less than 40ms in LTE Rel-12, therefore beneficial in terms of channel conten-
tion for most of time. Second, it allows to support a DRS-specific LBT mechanism which
could be used to align the start of transmission with the DRS pattern, e.g FBE based LBT.
Third, it avoids the downlink transmission continuous from a time before the first subframe of
the DMTC window to the first subframe, therefore it helps all the eNBs especially in a syn-

chronized network to sense the channel as idle and starts downlink transmission of DRS.

In a third implementation of the transmitter according to the first aspect, a duration of the pre-
determined gap interval corresponds to one of an idle period, a Clear Channel Assessment,

CCA, duration, a CCA slot time, and a CCA observation time

There are several options to choose the duration of the gap interval. One option is that the
DRS-specific LBT is FBE based LBT and the duration of the gap interval equals the Idle Pe-

riod.

A second option is that the DRS-specific LBT is LBE based LBT and the duration of the gap
interval equals the initial CCA duration, which is also known as the idle sensing interval, the

idle sensing period.

A third option is that the duration of the gap interval is zero, which could be used in a case a
new DRS pattern is introduced to allow some blank OFDM symbols in the beginning of the

subframe for channel sensing. If the gap interval is set to zero or close to zero, no further
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transmissions are possible during the gap interval. However, it is still ensured that a downlink

burst ends before the beginning of the DMTC window.

In a fourth implementation of the transmitter according to the first aspect, the transmitter is
further configured to transmit a second downlink burst in the DMTC window using listen-
before-talk, LBT, based on

- Frame Based Equipment, FBE, or

- Load Based Equipment, LBE, wherein a transmission of the second downlink burst
within the DMTC window is started time-aligned or subframe-aligned with a discovery signal
transmission interval. Here subframe-aligned means that the difference of the start time of the
downlink burst and the discovery signal transmission interval is of an integer multiple of

subframes.

Preferably, a DRS specific LBT in the DMTC window can be either FBE based or LBE
based, with the restriction that the start position of a downlink burst can only be time aligned

with the DRS pattern, e.g. at the start of subframe boundary as Rel-12 DRS.

In a fifth implementation of the transmitter according to the first aspect, the transmitter is con-
figured to use LBE based LBT in the DMTC window with a first defer period and LBE Based
LBT outside of the DMTC window with a second defer period, wherein the first and second

defer period are derived differently.

A WiFi system can use LBE based LBT with some modifications to better suit WiFi channels
and signals, e.g. an introduction of a defer period in eCCA measurement resulting in a chan-
nel sensing time no less than 34us for optimizing transmission of several channels/signals. A
defer period can be interpreted as the minimum time that a node has to wait after the channel
becomes idle before transmission, i.€., a node can transmit if the channel is sensed to be idle
for > defer period. A WiFi node always defers until channel is idle for 34us before counting

down the eCCA counter.

In a sixth implementation of the transmitter according to the first aspect, the transmitter is
configured to transmit a discovery signal in the second downlink burst only if the second

downlink burst starts within the DMTC window.
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This has the advantage that an easy design of downlink bursts containing DRS as well as an
casy design of downlink bursts not containing DRS is possible. The DRS subframe pattern
and the PDSCH subframe pattern would be different to be adaptive to different LBT mecha-
nisms used. By allowing the DRS transmission only in a downlink burst starting from the
DMTC window it avoids the situation that a downlink burst starting outside of the DMTC
window contains PDSCH and DRS together, which means two different subframes should be
supported. This may increase the complexity, e.g. the collision of cell specific reference sig-
nals antenna port 0, as the time frequency location may be different for a PDSCH subframe in

LAA and DRS subframe in LAA.

In a seventh implementation of the transmitter according to the first aspect, the transmitter is

configured to

- determine whether a discovery signal has been transmitted already in a subframe of the
DMTC window, and

- transmit a third downlink burst which starts in the DMTC window and that does not
comprise a discovery signal only if it is determined that a discovery signal has been

transmitted already in the DMTC window.

Thus, it is ensured that the third downlink burst does not have a priority over a transmission of
a discovery signal while also allowing a downlink burst not containing DRS starts in the
DMTC window. This has the advantage that the transmission of discovery signal is always
prioritized over a non-DRS burst in the DMTC window and it is still possible to transmit

PDSCH if a DRS is already transmitted.

A second aspect of the invention refers to a receiver for a wireless communication system,
configured to receive a first downlink burst assuming the first downlink burst ends before a
predetermined gap interval before a downlink subframe in a Discovery signal Measurement

Timing Configuration, DMTC, window of the wireless communication system.

The receiver can be configured to derive the end of the downlink burst by assuming it ends at
a certain point. With this information, the receiver could do correct decoding. Otherwise the
UE may misunderstand the end point of the burst, which may cause problem in the decoding,
¢.g. taking noise as signal. If you go ahead with the draft description for other parts, I will add

the relevant content when the draft is available.
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The receiver of the second aspect of the invention could be implemented e.g. in a mobile User
Equipment (UE). The UE may be configured to be notified of DMTC window timing and of
the location and duration of the gap interval from the network. The gap interval could also be

pre-defined, e.g. the absolute value is explicitly written in a specification.

The UE may derive the start time of a downlink burst by receiving the signals sent from the
eNB, e.g. downlink control signaling. To correctly decode the downlink burst, especially the
last transport block of the downlink burst, the UE also needs to derive the end time of the
downlink burst. The end position may be derived by the UE from the maximum occupancy
time restriction or indicated by the network, e.g. the difference between the start time and the
end time is not above the maximum occupancy time. In addition, as the downlink burst has to
stop before a predetermined gap interval before a downlink subframe in a Discovery signal
Measurement Timing Configuration window the burst duration shall both satisfy that it is not
longer the maximum occupancy time and the time difference between the end time and the

start time of the downlink subframe in the DMTC window is not shorter than the gap interval.

One example is that the burst starts at B_start and the UE derives the end time as B_end =
min(B_start+B max, T start —T gap), where B_max is the the maximum occupancy time,

T start is the start time of the downlink subframe in the DMTC window, T _gap is the dura-
tion of the gap interval. It should be noted this restriction corresponds to the upper bound of
the burst duration. Further restriction may be introduced to stop the burst even earlier, for ex-
ample, when there is no data scheduled to make full use of the total available time or the last

TTI is a partial TTI or subframe less than 1ms.

A third aspect of the invention refers to a method for transmitting a first downlink burst in a
wireless communication system, comprising a step of stopping the first downlink burst such
that it ends before a predetermined gap interval before a downlink subframe in a Discovery

signal Measurement Timing Configuration, DMTC, window of the wireless communication

System.

In a first implementation of the method of the third aspect, the downlink subframe is one of:
- a first subframe in the DMTC window and

- a candidate transmit interval for a discovery signal in the DMTC window.

7



10

15

20

25

30

WO 2017/025147 PCT/EP2015/068673

In a second implementation of the method of the third aspect, the method further comprises a

step of transmitting a second downlink burst in the DMTC window using listen-before-talk,

LBT, based on

- Frame Based Equipment, FBE, or

- Load Based Equipment, LBE, wherein a transmission of the second downlink burst
within the DMTC window is started time-aligned or subframe-aligned with a discov-

ery signal transmission interval.

In a third implementation of the method of the third aspect, a duration of the predetermined
gap interval corresponds to an idle period, a CCA duration, a CCA slot time, or wherein a

duration of the predetermined gap interval is zero.

In a fourth implementation of the method of the third aspect, the method further comprises:

- determining whether a discovery signal has been transmitted already in a subframe of
the DMTC window, and

- transmitting a third downlink burst which starts in the DMTC window and that does
not comprise a discovery signal only if it is determined that a discovery signal has

been transmitted already in the DMTC window.

In a preferred embodiment, the method is configured to to start transmitting a downlink burst
containing PDSCH subject to LBT in a subframe in the DMTC window only if DRS is trans-

mitted in the previous subframe before said downlink burst containing PDSCH.

The methods according to the third aspect of the invention can be performed by the transmit-
ter according to the first aspect of the invention. Further features or implementations of the
method according to the third aspect of the invention can perform the functionality of the
transmitter according to the first aspect of the invention and its different implementation

forms.

A fourth aspect of the invention refers to a computer-readable storage medium storing pro-
gram code, the program code comprising instructions for carrying out the method of the third

aspect or one of the implementations of the third aspect.
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A further aspect of the invention refers to a transmitter for transmitting a downlink burst dur-
ing a DMTC window, wherein the transmitter is configured to transmit a discovery signal in

the downlink burst only if the downlink burst starts within the DMTC window.

A further aspect of the invention refers to a transmitter for a wireless communication system,
wherein the transmitter is configured to:

- determine whether a discovery reference signal has been transmitted already in a sub-
frame of the of a DMTC window, and

- transmit the downlink burst in the DMTC window only if it is determined that a DRS

has been transmitted already.

BRIEF DESCRIPTION OF THE DRAWINGS

To illustrate the technical features of embodiments of the present invention more clearly, the
accompanying drawings provided for describing the embodiments are introduced briefly in
the following. The accompanying drawings in the following description are merely some em-
bodiments of the present invention, but modifications on these embodiments are possible

without departing from the scope of the present invention as defined in the claims.

FIG. 1 is a block diagram illustrating a transmitter in accordance with an embodiment

of the present invention,

FIG. 2 is a block diagram illustrating a receiver in accordance with a further embodi-

ment of the present invention,

FIG. 3 is a flow chart of a method for transmitting a first downlink burst in accordance

with an embodiment of the present invention,

FIG. 4 is a diagram illustrating a downlink burst that stops at the beginning of a gap
before a downlink subframe in a DMTC window in accordance with a further

embodiment of the present invention,

FIG. 5 is a diagram illustrating LBE based LBT being used in the DMTC window
with a defer period DP1 and LBE based LBT being used outside of DMTC

9
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window with a defer period DP2, where DP1 and DP2 are derived differently,

and

FIG. 6 is a diagram illustrating a downlink burst that stops at the beginning of a gap
before a downlink subframe in the DMTC window.

Detailed Description of the Embodiments

FIG. 1 is a block diagram illustrating a transmitter 100 in accordance with an embodiment of
the present invention. The transmitter 100 is optionally transmitting a signal towards at least
one second device 110. The transmitter 100 may be configured to receive an indication of a
DMTC window timing from the at least one second device 110. To this end, the transmitter
100 may optionally comprise a receiver, wherein the receiver may be configured to receive

DMTC window timing information.

FIG. 2 is a block diagram illustrating a receiver 200 in accordance with an embodiment of the
present invention. The receiver 200 may be configured to receive signals from a transmitter
100, indicated with dashed lines in FIG. 2. The transmitter 100 may be the receiver shown in
FIG. 1 or a different transmitter. The transmitter 100 and receiver 200 shown in FIG. 2 may
both be configured to receive DMTC window timing information from a third device. Trans-
mitter 100, receiver 200 and the third device may be part of a wireless communication sys-

tem.

FIG. 3 is a flow chart of a method for transmitting a first downlink burst in accordance with
an embodiment of the present invention. The method comprises a step 310 of stopping a first
downlink burst such that it ends before a predetermined gap interval before a downlink sub-
frame in a Discovery signal Measurement Timing Configuration, DMTC, window of the

wireless communication system.

Optionally, the method may further comprise an initial step 305 of starting the first downlink
burst at a first point in time, wherein a time interval between the first point in time and the
second point in time (when the downlink burst is stopped) is not longer than a predetermined

maximum burst duration, and a time interval between the first point in time and the downlink

10
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subframe is not longer than a sum of the maximum burst duration and a duration of the prede-

termined gap interval.

It should be noted that the starting and the stopping of the downlink burst could be performed
by different devices.

Further, the method may optionally comprise a step 320 of transmitting a second downlink
burst in the DMTC window using listen-before-talk, LBT. Transmitting the second downlink
burst may be based on FBE. Alternatively, it can be based on LBE, wherein a transmission of
the second downlink burst within the DMTC window is started time-aligned or subframe-

aligned with a discovery signal transmission interval.

The method may further optionally comprise a step 330 of determining whether a discovery

signal has been transmitted already in a subframe of the DMTC window.

If it is determined in step 330 that a discovery signal has been transmitted already in the
DMTC window, the method may further involve, in a step 340, transmitting a third downlink

burst which starts in the DMTC window and that does not comprise a discover signal.

If it is determined in step 330 that a discovery signal has not already been transmitted in the
DMTC window, the method may further involve (not shown in FIG. 3) that the transmission

of the third downlink burst is postponed to a further DMTC window.

Advantages of the method as illustrated in FIG. 3 can best be understood by comparing with

some alternative solutions.

The LAA system typically assumes carrier aggregation where the LAA carrier serves as the
Secondary Cell (SCell) in the unlicensed band. LAA carrier shall support LTE related func-
tionalities like RRM measurements and data transmission, by transmitting physical channels
and/or signals. To support RRM measurements like RSRP/RSRQ as well as cell identification
/ synchronization, some kind of signals, e.g. discovery reference signals (DRS) also referred
as discovery signal, are transmitted periodically. Discovery reference signals, as specified in
LTE Release 12, consist of PSS, SSS, CRS and CSI-RS (if configured). Discovery reference

signals are sent once in a configurable periodicity indicated in Discovery signal Measurement

11
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Timing Configuration (DMTC) with a duration of up to 5 subframes from the eNB even when
the cell is de-activated to help UE to do RRM measurements. A DMTC occasion, also re-
ferred as DMTC window, is 6ms. A subframe is defined as two consecutive slots where each

slot is 0.5ms.

In addition, non-DRS physical channels and signals (PDSCH, CRS, CSI-RS, UE-reference
signals and PDCCH/EPDCCH, or a subset of them) are also transmitted for data transmission.

Any physical channels or signals are transmitted in one or several subframes.

As current LTE functionality does not support LBT, a new solution shall be introduced to
LTE for LAA carrier to achieve fair and effective co-existence for WiFi with LAA, and LAA
with LAA.

In one alternative solution, the LAA eNB performs FBE based LBT for downlink burst
transmission all the time, where a downlink burst refers to any downlink transmission from
the time the eNB starts downlink transmission after CCA success to the time the eNB ends the
transmission and starts CCA again, including any physical channels and signals. CCA is per-
formed in the end of IDLE period and a downlink burst starts at the beginning of the fixed
frame period. With this option, it could be very easy to support LTE subframe based trans-
mission framework by time aligning the FBE fixed frame period with one or several LTE

subframes.

One problem of using FBE based LBT for LAA downlink always is reduced transmission
opportunity. As the CCA opportunity is restricted while LBE basically does not have this re-
striction, it is observed LBE outperforms FBE at least in the heavy traffic load. There would
be a more severe performance loss in a FBE-LAA system when coexisting with a WiFi sys-
tem using LBE, as WiFi nodes tend to occupy the channel much easier than LAA eNBs due to
more CCA opportunities.

In another alternative solution, the LAA eNB performs LBE based LBT for downlink burst
transmission all the time. LBE parameters, like CCA observation time and a defer period sim-
ilar as WiFi, could be carefully selected to better co-exist with WiFi while also comply with
regulations. In addition, LAA needs to introduce a new mechanism to support data transmis-

sion not from the subframe boundary to ensure LAA system performance, ¢.g. immediate data

12



10

15

20

25

30

WO 2017/025147 PCT/EP2015/068673

transmission after CCA success. Otherwise the LAA eNB needs to transmit some signals or
physical channels other than data channels from the CCA success time to the next subframe
boundary, causing high overhead. As for the transmission of DRS for RRM measurements,

DRS is opportunistically periodically transmitted in the DRS occasion subject to LBE based
LBT. With this option, LAA could achieve good co-existence with WiFi as well as good ef-

fectiveness in terms of LTE downlink data transmission.

One problem of using LBE based LBT for LAA downlink always is reduced DRS transmis-
sion opportunity or reduced measurement performance. Unlike PDSCH or other signals main-
ly for intra-cell detection, DRS shall be used also for inter-cell RRM measurement and acqui-
sition of time information, and therefore would better be at constant time position of a
subframe, i.c. fixed pattern in a subframe. DRS transmission with fixed pattern does not fit
into LBE based LBT which results in flexible starting point in a subframe. Specifically, if
CCA success is before the DRS subframe, typical LBT mechanism may transmit some signals
other than DRS at least for reserving the channel, such as reservation signal or PDSCH. The
transmission of any signals before DRS is seen as interference by other LAA eNBs and may
result in other LAA eNBs measuring the channel as occupied, further resulting in DRS from
other LAA eNB not transmitted, i.e. reduced DRS transmission opportunity. If CCA success
is within a DRS subframe, the eNB cither does not transmit DRS which results in reduced
DRS transmission opportunity, or transmits partial DRS by dropping the previous OFDM

symbols, which results in reduced measurement performance.

In yet another alternative solution, the LAA eNB performs FBE based LBT in the DMTC
window while LBE based LBT outside of the DMTC window. With this option, the LBT out-
come may well suit the DRS subframe in the DMTC window as FBE is assumed, meanwhile
data transmission opportunity could be ensured during the time outside of the DMTC window
as LBE is assumed. See Figure 1B. The DMTC window is 6ms and appears once with a cer-
tain periodicity, ¢.g. no less than 40ms in Rel-12. DRS may be transmitted from the subframe

boundary as Rel-12 in the DMTC window.

A first problem of using FBE based LBT in the DMTC window while LBE based LBT out-
side of the DMTC window is reduced DRS transmission opportunity. Especially when a
downlink burst spans over the subframes outside of the DMTC window and in the DMTC

window, ¢.g. a downlink burst over a subframe outside of the DMTC window and a subse-
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quent subframe in the DTMC window, other eNBs especially in a synchronized network,
when measuring the channel in the IDLE period just before the subframe for DRS transmis-
sion, may measure the channel as busy, as shown in the figure below. A second problem is
reduced spectrum efficiency. This is more relevant in case the eNB has already sent one DRS
in the DMTC window, ¢.g. in the first subframe in the DMTC window, it may need to per-
form CCA again and potentially repeat the DRS transmission in the remaining 5 subframes,
or alternatively may not transmit anything in the remaining 5 subframes even the CCA suc-

ceeds, which would be a waste of time-frequency resource.

Disadvantages of the above-mentioned alternative solutions can be summarized as below:

- Performance loss in terms of LAA downlink data transmission in case of FBE based
LBT always assumed for downlink burst transmission. FBE is inefficient in terms of
channel contention as the CCA opportunity is restricted, which may bring significant

performance loss in high load scenarios.

- Performance loss in terms of DRS transmission opportunity or measurement perfor-
mance in case LBE based LBT always assumed. If a downlink burst starts before a
DRS subframe, the transmission before the DMTC window may bring interference to
other eNBs causing other eNBs measuring the channel as busy, resulting in reduced
DRS transmission opportunity. Or if a downlink burst starts in the middle of a DRS
subframe, the eNB either does not transmit DRS which results in reduced DRS trans-
mission opportunity, or transmits partial DRS by dropping the previous OFDM sym-

bols, which results in reduced measurement performance.

Performance loss in terms of DRS transmission opportunity or spectral efficiency in case of
FBE based LBT in the DMTC window while LBE based LBT outside of the DMTC window.
In case a downlink burst spans over subframes outside of the DMTC window and in the
DMTC window, the transmission before the DMTC window may result in other eNB measur-
ing the channel as busy, further resulting in reduced DRS transmission opportunity. In case
the eNB has already sent one DRS in the DMTC window, the eNB may have to repeat DRS

transmission or not transmit anything in the remaining subframe in the DMTC window.
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The method as shown in FIG. 3 and further embodiments of the present invention overcome

one or more of these above-mentioned problems.

A downlink burst stops at a gap at least TQ before a downlink subframe in the DMTC

window

FIG. 4 is a diagram illustrating an embodiment where a downlink burst 410, transmitted by a
first eNodeB, eNBI1, stops at the beginning of a gap interval 430 before a downlink subframe
422 in a DMTC window 420. The first eNodeB, eNB1, and a second and third eNodeB, eNB2
and eNB3, transmit second downlink bursts 440, 442, and 444, each comprising DRS, at the
beginning of the DMTC window 420.

This embodiment provides good channel contention capability for downlink transmission out-
side of the DMTC window, adapt the start of downlink burst with the DRS pattern in the
DMTC window, and avoid the interference of downlink transmission closely before a

subframe in the DMTC window, especially in a synchronized network.

In one embodiment the LAA eNB stops the transmission of a downlink burst at the gap inter-
val 430 at least TO before the downlink subframe 422 in the DMTC window, where said
downlink burst is transmitted subject to an LBE based LBT which is at least used in the
subframes outside of the DMTC window, and a DRS specific LBT is performed after the end
of said downlink burst transmission. A DRS specific LBT could be cither FBE based or LBE
based, with the restriction that the start position of a downlink burst can only be time aligned

with the DRS pattern, ¢.g. at the start of subframe boundary as Rel-12 DRS.

In one example, LAA eNB performs LBE based LBT in the subframes outside of the DMTC
window 420. Once the LAA ¢NB measures the channel as clear, LAA eNB starts transmis-
sion of a downlink burst. The downlink burst continues to a certain time in a subframe with
period at least TO before the first downlink subframe in the DMTC window, as illustrated in
FIG. 4, if the maximum occupancy time allows. After ending the downlink bust, the eNB per-
forms a DRS-specific LBT, and starts DRS transmission if the eNB measures the channel as

idle.
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There are several options to choose TO. One option is that the DRS-specific LBT is FBE
based LBT and TO equals to Idle Period. A second option is that the DRS-specific LBT is
LBE based LBT and TO equals to the initial CCA duration. A third option is that TO is ZERO,
which could be used in a case a new DRS pattern is introduced to allow some blank OFDM
symbols in the beginning of the subframe for channel sensing. The DRS-specific LBT is ei-
ther FBE based LBT or LBE based LBT, with the restrictions that the start position of a
downlink burst can only be time aligned with the DRS pattern, e.g. at the start of subframe
boundary as Rel-12 DRS.

The LAA UE, which may comprise a receiver in accordance with the present invention, ¢.g. a
receiver as shown in FIG. 2, may accordingly receive the downlink channels, or signals given
the information that the LAA eNBs stops the transmission of a downlink burst at a gap at least
TO before a downlink subframe in the DMTC window.

One example is that UE assumes that there is no PDSCH transmission at a gap at least TO
before a downlink subframe in the DMTC window. One example is that the UE does not

monitor a downlink grant at said downlink subframe in the DMTC window.

FIG. 5 is a diagram illustrating LBE based LBT being used in a DMTC window 550 with a
defer period DP1 and LBE based LBT being used in a period 552 outside of the DMTC win-
dow 550 with a second defer period DP2, where DP1 and DP2 are derived differently. Both
the period 550 inside the DMTC window and the period 552 outside the DMTC period are
part of an period 520 of DRS periodicity, which comprises a total of N subframes, wherein in

particular a subframe 522 can have a length of 1 ms.

In this example, the DRS-specific LBT, which could be referred as LBT process 1, performed
in the DMTC window 550 is LBE based LBT. A first defer period (DP1) is derived different-
ly as the second defer period (DP2) used in the LBE based LBT used outside of the DMTC
window, which could be referred as LBT Process 2, e.g. to align the start position of a down-
link burst with the DRS pattern, while the LBE based LBT used in the period 552 outside of
the DMTC window 550 may use DP2 for other purpose, ¢.g. allow some idle time to co-exist
with WiFi, or align the start position of a downlink burst with the start position(s) of non-DRS
transmission. In one further example, DP1 is derived to ensure the start of downlink transmis-

sion of downlink burst in the DMTC window 550 is always the subframe boundary, i.e. the
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node has to wait after the channel becomes idle for a certain minimum duration, ¢.g. 34us and
also has to wait after the channel becomes idle till the subframe boundary, while DP2 can be
derived simply based on the condition that the node has to wait after the channel becomes idle

for a certain minimum duration, ¢.g. DP2 equal to 34us.

This provides the advantage that a LBE based LBT could also be used for DRS transmission
in the DMTC window, and also being able to align the start position of a downlink burst with
the DRS pattern.

FIG. 6 is a diagram illustrating a downlink burst 610 that stops at the beginning of a gap in-
terval 630 before a downlink subframe 622 in the DMTC window 620. In this example, LAA
eNB performs LBE based LBT in the subframes outside of the DMTC window 620. Once the
LAA ¢NB measures the channel as clear, LAA ¢NB starts transmission of the downlink burst
610. The downlink burst 610 continues to a certain time in subframe #M with a gap interval
of duration TO before a downlink subframe #M+1, indicated with reference number 622, if the
maximum occupancy time allows, where the downlink subframe #M and subframe #M+1 are
two consecutive subframes in the DMTC window 620. The DRS from the eNB may or may
not be transmitted in the downlink burst starting before the DMTC window. Subframe #M+1
could be pre-defined or network configured, as one of candidate transmit intervals for DRS

within the DMTC window 620.

This provides the advantage that a downlink burst before the DMTC window 620 may better
make use of the maximum occupancy time by not stopping at the first subframe in the DMTC
window, while still being able to provide some empty time for other eNBs sensing the chan-
nel in the remaining time after the downlink transmission ending at subframe #M in the

DMTC window.

A downlink burst not containing DRS happens in the DMTC window only if DRS is

transmitted in the previous subframe in the DMTC window

This embodiment is to make use of the subframes in the DMTC window for PDSCH trans-

mission, while also being able to ensure there is prioritized DRS transmission.
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In one embodiment the LAA eNB starts transmission of a downlink burst (DB2) not contain-

ing DRS in the DMTC window only after it ends transmission of a downlink burst (DB1) con-
taining DRS in the DMTC window. DB1 may either start at a time before the DMTC window,
or in the DMTC window, while DB1 may either contain DRS only, or contain DRS and other

physical channels and signals.

In one example, the LAA eNB configures several fixed DRS transmission intervals, ¢.g.
subframe #0 and subframe #5 in a DMTC window of 6 subframes indexing from #0 to #5.
The transmitter may transmit a discovery signal in the second downlink burst only if the se-
cond downlink burst starts within the DMTC window. In one case, the LAA eNB senses the
channel as clear at subframe #0, and transmits a downlink burst containing DRS. Non-DRS
physical channels and signals could either be transmitted or not transmitted along with DRS
in this downlink burst. When the LAA eNB finishes the burst, and senses the channel as clear
at subframe #5, the LAA eNB starts a downlink burst without DRS as the DRS is already
transmitted before. In one other case, the LAA ¢NB senses the channel as busy at subframe
#0, but senses the channel as clear at subframe #5, the eNB transmits a downlink burst con-
taining DRS. This means that LAA eNB can transmit a downlink burst not containing DRS in
a DRS interval only if there is a DRS transmission already in the previous DRS transmission

interval in the same DMTC window.

In one example, the LAA eNB configures several fixed DRS transmission intervals, ¢.g.
subframe #0 and subframe #5 in a DMTC window of 6 subframes indexing from #0 to #5. In
one case, the LAA ¢NB senses the channel as clear at subframe #0, and transmits a downlink
burst containing DRS. When the LAA eNB finishes the burst, and senses the channel as clear
at subframe #3, the LAA eNB starts a downlink burst without DRS as the DRS is already
transmitted before. This means that the LAA eNB can transmit a downlink without DRS burst
starting in the DMTC window only if there is a DRS transmission already in the same DMTC

window.

In this way it ensures that the eNB already transmits DRS one time when the first downlink
burst does not contain DRS starting at a time in the DMTC window happens, which prioritiz-
es the DRS transmission. In addition, in case DRS is already transmitted, a downlink burst
containing PDSCH can be also transmitted, which also makes uses of the transmission time in

the DMTC window.
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The LAA UE may accordingly receive the downlink channels, or signals given the infor-
mation that starts transmission of a downlink burst (DB2) not containing DRS which ends in
the DMTC window only after it ends transmission a downlink burst (DB1) containing DRS in
the DMTC window.

One example is that the UE does not assume there is a downlink burst (DB2) not containing
DRS starting in the DMTC window unless it already receives a downlink burst (DB1) con-
taining DRS which ends in the DMTC window. One example is that the UE does not monitor
a downlink grant for PDSCH in a DMTC window unless it already detects there is DRS

transmitted.

As outlined above, relevant points of embodiments of the present invention include:

- A downlink burst stops at a gap interval at least TO before a downlink subframe SF1 in
the DMTC window.

- SF1 is the first subframe in the DMTC window, or one of the candidate transmit
intervals for DRS in the DMTC window.

- LBE based LBT used in the DMTC window with a defer period DP1 and LBE based
LBT used outside of DMTC window with a defer period DP2, where DP1 and DP2
are derived differently.

- A downlink burst containing DRS only starts within the DMTC window

- A downlink burst not containing DRS in a DRS interval only if there is a DRS
transmission already in the previous DRS transmission interval in the same DMTC

window

Some of the above-presented embodiments of the invention provide methods for supporting
LBT for LAA transmission where the following advantages are achieved:
- Addressing the problem of inefficient channel contention for downlink data transmis-
sion in case FBE based LBT is always used
- Addressing the problem of DRS transmission especially concerning mismatch of the
DRS subframe pattern and start of a downlink burst in case LBE based LBT is always

used
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- Addressing the problem of reduced DRS transmission opportunity especially concern-
ing a downlink burst starting before a DMTC window in case a combination of FBE
based LBT in the DMTC window and LBE based LBT in the DMTC window is used

- Addressing the problem of inefficient use of transmission opportunity by repeating
DRS or not transmitting anything after a DRS transmission in the DMTC window in
case a combination of FBE based LBT in the DMTC window and LBE based LBT in
the DMTC window is used.

The foregoing descriptions are only implementation manners of the present invention, the
protection of the scope of the present invention is not limited to this. Any variations or re-
placements can be easily made through person skilled in the art. Therefore, the protection

scope of the present invention should be subject to the protection scope of the attached claims.
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CLAIMS

A transmitter (100) for a wireless communication system, configured to stop a trans-
mission of a first downlink burst (410, 610) such that it ends before a predetermined
gap interval (430, 630) before a downlink subframe (422, 622) in a Discovery signal
Measurement Timing Configuration, DMTC, window (420, 550, 620) of the wireless

communication system.

The transmitter (100) of claim 1, wherein the transmitter is further configured to start
the first downlink burst (410, 610) at a first point in time and stop the first downlink
burst at a second point in time, wherein a time interval between the first point in time
and the second point in time is not longer than a predetermined maximum burst dura-
tion, and a time interval between the first point in time and the downlink subframe is
not longer than a sum of the maximum burst duration and a duration of the predeter-

mined gap interval.

The transmitter (100) of one of the previous claims, wherein the downlink subframe
(422, 622) is one of:

- a first subframe (422) in the DMTC window (420, 550, 620) and

- a candidate transmit interval for a discovery signal in the DMTC window (420,

550, 620).

The transmitter (100) of one of the previous claims, wherein a duration of the prede-
termined gap interval (430, 630) corresponds to an idle period, a Clear Channel As-
sessment, CCA, duration, a CCA slot time or a CCA observation time, or wherein a

duration of the predetermined gap interval is zero.

The transmitter (100) of one of the previous claims, wherein the transmitter is further

configured to transmit a second downlink burst (440-444) in the DMTC window using

listen-before-talk, LBT, based on

- Frame Based Equipment, FBE, or

- Load Based Equipment, LBE, wherein a transmission of the second downlink
burst (440-444) within the DMTC window (420, 620) is started time-aligned or

subframe-aligned with a discovery signal transmission interval.
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The transmitter (100) of one of the previous claims, wherein the transmitter is config-
ured to use LBE based LBT in the DMTC window (420, 620) with a first defer period
and LBE Based LBT outside of the DMTC window with a second defer period, where-

in the first and second defer period are derived differently.

The transmitter (100) of one of the previous claims, wherein the transmitter is config-
ured to transmit a discovery signal in the second downlink burst (440-444) only if the
second downlink burst starts within the DMTC window (420, 620).

The transmitter (100) of one of the previous claims, wherein the transmitter is config-

ured to

- determine whether a discovery signal has been transmitted already in a
subframe of the DMTC window (420, 550, 620), and

- transmit a third downlink burst which starts in the DMTC window (420, 550,
620) and that does not comprise a discovery signal only if it is determined that

a discovery signal has been transmitted already in the DMTC window.

A receiver (200) for a wireless communication system, configured to receive a first
downlink burst (410, 610) assuming the first downlink burst ends before a predeter-
mined gap interval (430, 630) before a downlink subframe (422, 622) in a Discovery
signal Measurement Timing Configuration, DMTC, window (420, 550, 620) of the

wireless communication system.

A method for transmitting a first downlink burst (410, 610) in a wireless communica-
tion system, comprising a step of stopping (310) the first downlink burst such that it
ends before a predetermined gap interval (430, 630) before a downlink subframe (422,
622) in a Discovery signal Measurement Timing Configuration, DMTC, window (420,

550, 620) of the wireless communication system.
The method of claim 10, wherein the downlink subframe (422, 622) is one of:

- a first subframe in the DMTC window and

- a candidate transmit interval for a discovery signal in the DMTC window.
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The method of claim 10 or 11, further comprising a step of transmitting (320) a second

downlink burst in the DMTC window using listen-before-talk, LBT, based on

- Frame Based Equipment, FBE, or

- Load Based Equipment, LBE, wherein a transmission of the second downlink
burst (440-444) within the DMTC window is started time-aligned or subframe-

aligned with a discovery signal transmission interval.

The method of one of claims 10 to 12, wherein a duration of the predetermined gap
interval (430, 630) corresponds to an idle period, a CCA duration, a CCA slot time, or

wherein a duration of the predetermined gap interval (430, 630) is zero.

The method of one of claims 10 to 13, further comprising;:

- determining (330) whether a discovery signal has been transmitted already in a
subframe of the DMTC window, and

- transmitting (340) a third downlink burst which starts in the DMTC window
and that does not comprise a discovery signal only if it is determined that a dis-

covery signal has been transmitted already in the DMTC window.

A computer-readable storage medium storing program code, the program code com-

prising instructions for carrying out the method of one of claims 10 to 14.
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