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Description

Method and device for broadcast synchronization in a network

The invention relates to methods and devices for the synchro-
nization of broadcasts in a network. It particularly relates
to the synchronization with respect to air-transmission time

of a plurality of distributed nodes in the network.

Single Frequency Network (SFN) transmission is seen as an ad-
vantageous method to transmit Multimedia Broadcast/Multicast
Services (MBMS). An SFN is a broadcast network where several
transmitters simultaneously transmit the same signal over the
same frequency channel. It allows simultaneous reception and
macro-diversity combining on the physical layer of the signal
that is simultaneously transmitted over the air from differ-
ent base stations and received within the cyclic prefix. The
current requirement is that this combining shall be ensured

within a time window of 33 microseconds.

As an example, let’s consider Node B’s (NB’s), the equivalent
to base stations in e.g. a GSM mobile communications system,
connected in a daisy chain fashion, as illustrated in fig. 1
(any other physical topology similar to a tree is also possi-
ble). Under the current approach, each NB is having its own
data bearer and its own data flow. An improvement is that the
Radio Network Controller (RNC) establishes a single data
bearer for all NB’s and uses Internet Protocol (IP) for the
transport, with the optional capability that packets have
specific information for each NB A, B, C (indicated as an A,

B or C header part).

The challenge lies in the fact that the transport delays

within the network, i.e. from the RNC to any NB, may endanger
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or even make it impossible for an NB, e.g. C in fig. 1, to
transmit a data packet in time, simultaneously with the other
NBR’s. This involves introducing the appropriate transmission
delay at, in this example, NB A and NB B. In order to config-
ure these delays correctly, the RNC needs to have information
on the delays to be faced (indicated by Ta-b and Tb-c), or at
least on the fact whether the most disadvantaged NB, in this

example C, is capable of transmitting the packets in time.

In a Long Term Evolution (LTE) system it is expected that a
single central node uses IP multicast to distribute MBMS data
packets to so-called eNBs (evolved Node B’s), with additional
mechanisms to support simultaneous air-transmission, such as
time stamping with an absolute clock that is also available
at the eNBs, such as that one provided by the Global Posi-
tioning System (GPS), packet sequence number, and others, as

part of a so-called data-content synchronization protocol.

The packets are distributed from this central node with IP
multicast to all concerned eNBs, even country-wide, thus a
high spread in transport delay shall be expected both to all
eNBs and for a single eNB over time during the broadcast. For
this reason, the central node shall also coordinate the air-
transmission deferral time, which accommodates the highest
transport delay at a certain time in the network. This defer-
ral time is added to the time stamping of the data packets to

indicate the air-transmission time.

The prior art does not provide means for adapting the trans-
mission time and associated delays to delays in the transport
network from the central node to distributed nodes initially
and over time. Thus new methods and devices are necessary for
ensuring and/or optimizing the synchronisation of the broad-

cast in single frequency networks with respect to the air-
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transmission time/time deferral of and possible transport de-

lays experienced by the data packets.

Summary of the invention

According to a first aspect a method is provided for synchro-
nizing the transmission of data packets in a broadcast system
comprising a central node and at least two distributed nodes,
the method comprising:

- transmitting at least one data packet from said central
node to said at least two distributed nodes, wherein said
data packet is to be transmitted by said at least one dis-
tributed node at a transmission time defined by a time defer-
ral;

- transmitting to said at least two distributed nodes a
request to indicate if the time gap between the arrival time
of at least one data packet and said transmission time is be-
low a target time gap:;

- decreasing said time deferral and restarting the method
if no distributed node indicates within a pre-determined time
interval that said time gap is below said target time gap;
and

- increasing said time deferral if at least one distrib-
uted node indicates within said pre-determined time interval

that said time gap is below said target time gap.

The method relates to a synchronization scheme for Single

Frequency Network (SFN) broadcasts. In such broadcasts it is
required that each of a plurality of distributed nodes trans-
mits the same data packets provided by a central node within
a certain time window, and at a transmission time defined by
a time stamp within a data packet plus a pre-determined time
deferral, or by an air-transmission time that is in turn de-

fined by a generation or transmission time plus the time de-
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ferral. If delays are experienced in the transport network
from the central node to one or more of the distributed nodes
it is possible that some distributed nodes receive a packet
too late for being transmitted within the target time window.
The inventive method provides means for dealing with this
situation, by providing a point-to-point feedback from the
distributed nodes to the central node, in order to suitably
adjust the time deferral to compensate the delays in the

transport network.

The method can be used before an actual broadcast is started,
e.g. a MBMS broadcast. In this case the data packet can be
regarded as a “probe data packet” that does not need to be
actually transmitted. It is only required that the distrib-
uted nodes indicate if they would be able to transmit the
packet in time. An actual transmission is not required then.
However, the method can as well be used continuously, i.e.
during an actual broadcast, to fine-tune the time deferral in
an on-the-fly manner. A combination of initial synchroniza-
tion and continuous monitoring and adjustment of the time de-

ferral is possible as well.

In case each distributed node has access to a synchronized
time source, e.g. provided by GPS, it is possible to include
in the data packets the actual air-transmission time. In this
case the time deferral is the time deferral between transmis-
sion time or generation time of the data packet and the de-

sired air-transmission time.

Time stamp and time deferral or desired air-transmission time
can e.g. be included in the header of the data packets. The
time deferral can also be provided to the distributed nodes
by means independent from the data packets, e.g. on a sepa-

rate control channel. In case an Iub interface is already
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present between central node and distributed nodes it can be

re-used for requesting/receiving the indication.

According to an exemplary embodiment

- said data packet comprises a time stamp;

- said transmission time is defined by said time stamp
plus said time deferral; and

- said time deferral is communicated to said at least two

distributed nodes upon increase or decrease thereof.

According to an exemplary embodiment said data packet com-
prises an air-transmission time, and wherein said air-
transmission time is defined by the generation or transmis-
sion time of said data packet at said central node plus said
time deferral. Generation or transmission time are only exam-
ples for a reference time, in practice the time deferral can
refer to any suitable time, for example a time in the inter-

val between generation and transmission time.

According to an exemplary embodiment the method further com-
prises:
- providing a dedicated port in said central node for re-

ceiving said indications.

This can improve the reception of the indications, as network
congestions may be avoided and/or suitable prioritizing can

be applied for packets destined for the dedicated port.

According to an exemplary embodiment the method is restarted
following said increasing of said time deferral. Even if a
suitable time deferral has been determined (for example ini-
tially, before an actual broadcast), this embodiment allows
providing constant monitoring and adjustment over time, in

case the conditions relevant for any delay within the trans-
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port network change. As it is required to deal with any de-

lay, but on the other hand a broadcast should always be made
with the smallest suitable delay, this embodiment can ensure
that only the minimal required delay is used over time. Mini-
mizing the delay is particularly useful for real-time appli-

cations like the TV/audio transmission of a sports event.

According to an exemplary embodiment said central node com-
prises an output buffer for data packets to be transmitted to
said at least two distributed nodes, and wherein increasing
or decreasing said time deferral includes:

- simultaneously transmitting a plurality of data packets
from said output buffer to said at least two distributed
nodes, wherein the time deferral of each data packet is
gradually increased or decreased until a target time deferral

has been reached.

If a sufficiently high number of packets is available in the
output buffer, the central node overcomes the situation of an
insufficient (i.e. too low) time deferral by sending as many
packets as needed simultaneously, each with an appropriately
reconfigured air-transmission time, in such a way that the
transport delay becomes compensated by the fact that packets
are being sent earlier and therefore come on time to any com-
plaining Node B. In other words, packets are being sent
starting with a time deferral that is gradually increased up

to the target time deferral.

According to an exemplary embodiment said request is trans-
mitted as control information in a header of said at least

one data packet.

According to an exemplary embodiment the method further com-

prises:
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- transmitting to at least one of said at least two dis-
tributed nodes a request to indicate if the time gap between
the arrival time of said at least one data packet and said
transmission time is equal to or above said target time gap;
and

- restarting said method if any requested distributed node
does not provide said indication within a pre-determined time

interval.

Most often the same distributed nodes (the most “distant”
ones with respect to transport delay) will report back due to
too late packet arrival. For this reason, the enhancement of
this embodiment that improves the reliability of the inven-
tive method is to request from a certain subset of distrib-
uted nodes (the “usual suspects” for having the highest
transport delay times) an answer in any case. This can be
achieved by maintaining a list of IP addresses or other iden-
tifiers identifying Node B’s that are required to answer in
any case. Also this can be made via Operation and Maintenance
(O&M), by configuring that these distributed nodes shall al-
ways answer, even when the actual time gap is fairly suffi-
cient. In the central node it is configured that from these
distributed nodes an answer shall always be received, and

otherwise the process is restarted.

According to an exemplary embodiment

- said indication from at least one distributed node in-
cludes the deviation of the time gap from the target time
gap; and

- said increasing or decreasing of said time deferral is

performed on the basis of said deviation.

This embodiment provides for a faster adjustment of the time

deferral, as the deviation from the target time gap is di-
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rectly taken into account for the amount the time deferral is
increased (or decreased as well). When used as an initial
synchronization this allows a faster converging of the
scheme, as possible intermediate time deferrals that are not

yvet sufficient can be skipped.

According to another aspect of the present invention a method
is provided for synchronizing the transmission of data pack-
ets in a broadcast system comprising a central node and at
least two distributed nodes, the method comprising:

- receiving at least one data packet from said central
node, wherein said data packet is to be transmitted at a
transmission time defined by a time deferral or an air-
transmission time;

- receiving from said central node a request to indicate
if the time gap between the arrival time of said at least one
data packet and said transmission time is below a target time
gap;

- determining the time gap between the arrival time of
said at least one data packet and said transmission time; and
- transmitting an indication that the time gap is below
said target time gap to said central node if the time gap of

said at least one data packet is below said target time gap.

The method relates to a synchronization scheme for Single
Frequency Network (SFN) broadcasts. In such broadcasts it is
required that each of a plurality of distributed nodes trans-
mits the same data packets provided by a central node within
a certain time window, and at an air-transmission time de-
fined by a time deferral or by an air-transmission time. If
delays are experienced in the transport network from the cen-
tral node to one or more of the distributed nodes it is pos-
sible that some distributed nodes receive a packet too late

for being transmitted within the target time window. The in-
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ventive method provides means for the distributed nodes to
indicate a late arrival of data packets, in order to enable

the central node to deal with this situation.

The method can be used before an actual broadcast is started,
e.g. a MBMS broadcast. In this case the received data packet
may be marked as a “probe data packet” that does not need to
be actually transmitted. The indication that it is a probe
data packet can be included in different ways, for example by
adding a respective flag or other information to the header
of a data packet. There may be other means for providing this
indication of a probe data packet, like having probe data

packets with a unique packet size.

It is only required that the distributed node indicates if it
would be able to transmit the packet in time. An actual
transmission is not required then. However, the method can as
well be used continuously, i.e. during an actual broadcast,
to fine-tune the time deferral in an on-the-fly manner. A
combination of initial synchronization and continuous moni-
toring and adjustment of the time deferral is possible as

well.

According to an exemplary embodiment

- said data packet comprises a time stamp;

- said transmission time is defined by said time stamp
plus said time deferral; and

- sald time deferral i1s received from said central node.

According to an exemplary embodiment said data packet com-

prises said air-transmission time.

According to an exemplary embodiment said indication is

transmitted to a dedicated port of said central node. Trans-
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mitting to a dedicated port can improve the situation with
respect to the load, i.e. the indication will less probably
become “stuck” or delayed in the network when a dedicated

port can be addressed for that purpose.

According to an exemplary embodiment said request is received
as control information in a header of said at least one data

packet.

According to an exemplary embodiment the method further com-
prises:

- receiving a request to indicate if the time gap between
the arrival time of said at least one data packet and said
transmission time is equal to or above said target time gap;
and

- transmitting an indication that time gap is equal to or
above said target time gap to said central node if said time

gap 1is equal to or above said target time gap.

According to an exemplary embodiment the method further com-
prises:

- determining the deviation of the time gap from said tar-

get time gap; and

- including said deviation in said indication.

According to an exemplary embodiment a plurality of data
packets is received from said central node, further compris-
ing:

- transmitting an indication that the time gap is below
said target time gap to said central node if the time gap of
at least one data packet is below said target time gap or if
the mean value of the time gaps of the plurality of data

packets is below said target time gap.
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In order to avoid an indication or notification, respec-
tively, for each single received data packet, the disturbance
notification can be generated every e.g. 10, 100 or 1000 data
packets. In one embodiment an indication is transmitted in
case that any of the plurality of data packets has a time gap
below the target time gap. In another embodiment it is also
possible to take a mean value of a plurality of time gaps and
only report back to the central node if the mean value is be-

low the target time gap.

According to yet another aspect of the present invention a
computer program product is provided, comprising instructions
stored on a computer-readable medium, for instructing a com-
puter to perform the steps of the method described above,

when run on said computer.

According to still another aspect of the present invention a
device is provided for synchronizing the transmission of data
packets in a broadcast system comprising said device and at
least two distributed nodes, the device comprising:

- an interface adapted for transmitting data packets to
said at least two distributed nodes;

- an interface adapted for receiving indications from said
at least two distributed nodes;

- a timer component adapted for providing time stamps;

- a controller, adapted for transmitting at least one data
packet to said at least two distributed nodes, wherein said
data packet comprises is to be transmitted by said at least
one distributed node at a transmission time defined by a time
deferral, for transmitting to said at least two distributed
nodes a request to indicate if the time gap between the arri-
val time of at least one data packet and said transmission
time is below a target time gap, for decreasing said time de-

ferral and restarting if no distributed node indicates within
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a pre-determined time interval that said time gap is below
said target time gap, and increasing said time deferral if at
least one distributed node indicates within said pre-
determined time interval that said time gap is below said

target time gap.

It is to be noted that the interfaces for transmitting data
packets or for receiving indications, respectively, can be
implemented as independent interfaces, but also as a shared
interface. For example, it is possible to use an existing Iub
interface between central node and distributed nodes for this

purpose.

The timer component must be capable of providing time stamps,
e.g. in order to include in a data packet the time of genera-
tion or transmission, or any other reference time point. The
timer component can also be used to only determine the time
of generation/transmission, without including it in the data
packet. The controller can then include a desired air-
transmission time in the data packet, or otherwise indicate
it to the distributed node. However, in every case the air-
transmission time is defined by a “start time” (which can be
the generation or transmission time) plus a time deferral.
The time deferral can be communicated to the distributed
nodes, or it can (at least initially) be pre-fixed, i.e.

known within the distributed nodes.

According to an exemplary embodiment said controller is
adapted for including a time stamp in said data packet,
wherein said transmission time is defined by said time stamp
plus said time deferral, and for communicating said time de-
ferral to said at least two distributed nodes upon increase

or decrease thereof.
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According to an exemplary embodiment said controller is
adapted for including an air-transmission time in said data
packet, wherein said air-transmission time is defined by the
generation or transmission time, determined by said timer
component, of said data packet at said central node plus said

time deferral.

According to an exemplary embodiment said interface for re-
ceiving indications comprises a dedicated port for receiving
said indications. Providing a port specifically for the indi-
cations or disturbance notifications, respectively, can help
to avoid that packets get “stuck” or delayed within the
transport network in case of network congestion. It can also
allow the provision of suitable prioritizing, because the in-
dications may need to be given a higher priority than other

packets.

According to an exemplary embodiment the controller is
adapted for restarting following said increasing of said time

deferral.

According to an exemplary embodiment the device further com-
prises:

- an output buffer for data packets to be transmitted to
said at least two distributed nodes;

wherein said controller is adapted for performing said in-
creasing or decreasing of said time deferral by simultane-
ously transmitting a plurality of data packets from said out-
put buffer to said at least two distributed nodes, wherein
the time deferral of each data packet is gradually increased

or decreased until a target time deferral has been reached.
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According to an exemplary embodiment said controller is
adapted to transmit said request as control information in a

header of said at least one data packet.

According to an exemplary embodiment said controller is
adapted for transmitting to at least one of said at least two
distributed nodes a request to indicate if the time gap be-
tween the arrival time of said at least one data packet and
said transmission time is equal to or above said target time
gap, and for restarting if any requested distributed node
does not provide said indication within a pre-determined time

interval.

According to an exemplary embodiment said indication includes
the deviation of the time gap from said target time gap, and
wherein said controller is adapted to perform said increasing

or decreasing of the time deferral based on said deviation.

According to a further aspect of the present invention a de-
vice is provided for synchronizing the transmission of data
packets in a broadcast system comprising a central node and
said device, the device comprising:

- an interface adapted for receiving data packets from
said central node;

- an interface adapted for transmitting indications to
said central node;

- a timer component;

- a controller adapted for receiving at least one data
packet from said central node, wherein said data packet is to
be transmitted by said device at a transmission time defined
by a time deferral or an air-transmission time, receiving
from said central node a request to indicate if the time gap
between the arrival time of said at least one data packet and

said transmission time is below a target time gap, determin-
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ing the time gap between the arrival time of said at least
one data packet and said transmission time, and transmitting
an indication that the time gap is below said target time gap
to said central node if the time gap of said at least one

data packet is below said target time gap.

According to an exemplary embodiment said interface for
transmitting indications is adapted for transmitting said in-

dications to a dedicated port of said central node.

According to an exemplary embodiment said request is received
as control information in a header of said at least one data

packet.

According to an exemplary embodiment said controller is
adapted for receiving a request to indicate if the time gap
between the arrival time of said at least one data packet and
said transmission time is equal to or above said target time
gap, and for transmitting an indication that time gap is
equal to or above said target time gap to said central node

if said time gap is equal to or above said target time gap.

This request can be received separately from or together

with said request to indicate if the time gap is below the
target time gap. The intention is that some distributed nodes
should always provide an indication or notification, in order

to ensure that no packet loss has occurred.

According to an exemplary embodiment said controller is
adapted for determining the deviation of the time gap from
said target time gap, and for including said deviation in

sald indication.
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According to an exemplary embodiment a plurality of data
packets is received from said central node, and said control-
ler is adapted for transmitting an indication that the time
gap 1is below said target time gap to said central node if the
time gap of at least one data packet is below said target
time gap or if the mean value of the time gaps of each of the

plurality of data packets is below said target time gap.

Brief description of the drawings

The invention can be more fully understood by the following
detailed description of exemplary embodiments, when also re-
ferring to the drawings which are provided in an exemplary
manner only and are not intended to limit the invention to
any particular embodiment illustrated therein. In the draw-

ings

Fig. 1 illustrates the prior art situation in a broadcast

network;

Fig. 2 illustrates the prior art situation in another broad-

cast network;

Fig. 3 depicts an embodiment of the present invention;

Fig. 4 is a flow diagram of an embodiment of the method of

the invention;

Fig. 5 is a flow diagram of another embodiment of the method

of the invention; and

Fig. 6 illustrates parts of a system according to the inven-

tion.
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Detailed description of the invention

In fig. 1 the prior art situation of a broadcast network is
illustrated. There is one central node, in this case a Radio
Network Controller (RNC), which is connected to three so-
called Node B’s NB A, NB B and NB C. The connection is made
in a daisy chain fashion here, although other topologies
similar to a tree are possible. Node B’s are the equivalent
to base stations in a GSM mobile communications system. The
RNC establishes a single data bearer for all NB’s and uses
Internet Protocol (IP) for the transport, as the figure il-
lustrates. It is an optional feature that data packets DP
carry node-specific information for each NB A, B, C (indi-
cated as an A, B or C header part). It is assumed that the
RNC transmits data packets DP to the nodes NB A, NB B and NB
C in order to be transmitted from the nodes within a certain

time window.

The problem with this prior art arrangement arises from the
fact that the transport delays within the network, i.e. from
the RNC to any NB, may endanger or even make it impossible
for an NB, e.g. C in fig. 1, to transmit the packet in time,
simultaneously with the other NB’s. Each packet is to be
transmitted at the correct transmission time, e.g. via a
wireless network (not shown). In order to configure the
transmission time correctly, the RNC needs to have informa-
tion on the delays to be faced (indicated by TR-a, Ta-b and
Tb-c), or at least on the fact whether the most disadvantaged
NB, in this example C, is capable of transmitting the packets
in time. The prior art does not provide means for adjusting
the transmission time (which may also be defined by a time
stamp plus a pre-determined time deferral) to delays in the

transport network initially and over time.
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It is possible to determine a somehow “high” time deferral in
order to deal with a worst case consideration in this exam-
ple, although this fixed time deferral cannot cope with
changing conditions in the network. Also, as the defer time
affects the “topicality” or the “actuality” of the service
(let’s think of the TV transmission of a sports event), it is
desirable to minimize it, which is in contrast to avoiding
transmission errors due to late packet arrival by increasing

the time deferral.

Fig. 2 shows another example of a similar prior art arrange-
ment. In a so-called Long Term Evolution (LTE) system it is
expected that a single central node CN uses IP multicast to
distribute MBMS data packets DP to so-called eNBs (evolved
Node B’s) eNB A, eNB B, eNB C, with additional mechanisms to
support simultaneous air-transmission, such as time stamping
with an absolute clock that is also available at the eNBs,
such as that one provided by the Global Positioning System
(GPS), packet sequence number, and others, as part of a so-

called data-content synchronization protocol.

The packets are distributed from this central node CN with IP
multicast to all concerned eNBs, possibly even country-wide,
thus a high spread in transport delay shall be expected both
to all eNBs and for a single eNRBR over time during the broad-
cast. For this reason, the central node shall also coordinate
the air-transmission deferral time, which accommodates the
highest transport delay at a certain time in the network.
This deferral time is added to the time stamping of the data

packets to indicate the air-transmission time.

Fig. 3 shows an arrangement according to an embodiment of the
present invention. The basic arrangement is similar to that

depicted in fig. 1. There is one RNC, which is connected to



10

15

20

25

30

WO 2008/135573 19 PCT/EP2008/055546

three distributed nodes NB A, NB B and NB C. The connection
is made in a daisy chain fashion here. The RNC has a single
data bearer for all NB’s and uses Internet Protocol (IP) for
the transport, Iub A, Iub B and Iub C. Optionally data pack-
ets DP carry node-specific information for each NB A, B, C
(indicated as an A, B or C sections in the header part). It
is assumed that the RNC transmits data packets DP to the
nodes NB A, NB B and NB C in order to be transmitted from the

nodes within a certain time window.

According to the invention a point-to-point feedback is pro-
vided, indicated by FB here. This feedback connection can be
implemented independent from the Iub interface, however, the
Iub interface can also be re-used for this purpose. In this
example the RNC has to each NB an Iub interface, which can be
re-used in order to establish a feedback control channel re-
garding the arrival time of the packet to be sent, or else
the time remaining before being sent on air, or that the data
packet has arrived too late. This additional control channel
reporting on the data arrival is associated to the multicast
data channel and is a necessary extension of the Iub, and

main subject of the invention.

The RNC receives regularly or based on a configured way (e.qg.
packet is available less than x ms before time of air trans-
mission) point-to-point feedback from the Node R’s. That is,
the RNC at least receives indications from nodes indicating
that the time gap between arrival time of a packet and the
desired transmission time is below a per-determined time gap.
As only the farthest Node B’s are relevant for this signal-
ing, the RNC may selectively disable this feedback from those

Node B’s being “closer”, e.g. from NB A.



10

15

20

25

30

WO 2008/135573 20 PCT/EP2008/055546

According to the invention, synchronous transmission is
scheduled by the RNC and is conditioned by the “farthest” NB,
i.e. the one with highest transport delay. In UTRAN, the RNC
is capable to calculate the appropriate CEN (Channel Frame
Number) and offset to be taken into account in each cell of
the different NB’s for a synchronized air transmission. An-
other possible implementation would be having an absolute
clock reference available in these nodes (e.g. GPS), and in-
dicating the time for air-transmission in the IP multicasted

data packet.

Fig. 4 is a flow diagram showing an exemplary embodiment of
the method of the invention. In step 102 a central node
starts with transmitting at least one data packet to at least
two distributed nodes. In step 104 a reguest is transmitted
to the nodes to indicate if the time gap between packet arri-
val and the desired transmission time is below a target time
gap. In advanced embodiments this request is only transmitted
to a sub-set of all nodes, in case there are certain nodes
which are known not to experience late packet arrival. In
further advanced embodiments another sub-set of nodes is re-
quested to always provide a response, i.e. even if the time

gap is equal to or above the target time gap.

It is to be noted that the transmission time will in every
case be defined by a time deferral. Either the transmission
time can be derived by adding the time deferral to a time
stamp included in the data packet, or an air-transmission
time is explicitly communicated to the nodes (e.g. in the
header of the data packet), wherein this air-transmission
time is in turn defined by the generation time or transmis-
sion time (or any other reference time) plus the time defer-

ral.
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In step 106 it is checked if an indication is received from
any node that the time gap is below the target time gap. This
check is (not shown) connected with a pre-determined time in-
terval, i.e. 1if no indication is received within the time in-
terval it is concluded that all nodes have received the data
packet in time. It may happen that an indication gets lost or
delayed beyond this time interval. Therefore, in the above
mentioned further advanced embodiments, a sub-set of nodes 1is
requested to always answer within the time interval. If these
“usual suspects” do not answer in time, the process is re-
started. This can deal with the occurrence of packet loss or

high delay in transmission of the indications.

If an indication is received that the time gap in any node is
below the target time gap, the time deferral is increased in
step 108, in order to compensate for the delay in packet re-
ception that has been experienced. The process with the newly
set time deferral is continued with step 102. If no indica-
tion is received within the time interval, the time deferral
is increased in step 110, and the process continues with step

102.

When the central node, e.g. the RNC, realizes through the in-
ventive scheme that the farthest Node B’s are starting to re-
ceive or are receiving the data packets too late, the follow-
ing strategies according to the invention can be used to cope

with the situation:

- If a sufficiently high number of packets are available
in the output buffer, the RNC overcomes the situation by
sending as many as needed simultaneously, each with an appro-
priately reconfigured air-transmission time, in such a way

that the transport delay becomes compensated by the fact that
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packets are being sent earlier and therefore come on time to

the complaining NB.

- If the output buffer capacity is insufficient to compen-
sate the requested deferral time, the consequence is that the
RNC will re-schedule the air-transmission time with the addi-
tional delay necessary to compensate for the delay time nec-
essary in the transport network. As a consequence, the RNC
will leave gaps in the air transmission, i.e., free re-
sources. The RNC can schedule other transmissions there in-

stead.

When the RNC needs to reconfigure the air-transmission time,
it reconfigures the parameters on which the air-transmission
time depends for each Node B. In order to achieve this it can
modify already existing parameters as described in TS 25.402
(ToW, CFN, SFN, etc.). In addition, if the RNC indicates the
frequency used for sending packets (e.g. “I am sending pack-
ets to this IP multicast address every 80 ms”), and uses a
marker to indicate if a packet is the last of a packet burst
(in order to distinguish between lost packets and pauses in
the network transmission), it is very easy for each NB to de-
tect a packet loss or failed reception/handling. The NB can
then request that the packet is re-sent. This re-sending
makes sense in case the NB is able to transmit it on time
over the air even when it gets lost once. This can be

achieved with large buffering both in the NB and the RNC.

Fig. 5 is a flow diagram illustrating the inventive method as
performed in one of the distributed nodes. In step 202 a data
packet is received from the central node. The data packet is
to be transmitted by the respective node at a transmission
time defined as already described above. This data packet

can, 1in certain embodiments of the invention, be “marked” as
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a probe data packet, for performing an initial “survey” like
adjustment procedure. That is, the probe data packet is not
necessarily to be actually transmitted. It is only required
to check if the transmission could have been performed in

time (taking into account the desired transmission time and
all involved delays, including the time required by the node

to process for transmission).

In step 204 a request is received, the request instructing to
indicate if the time gap between the desired transmission
time and the arrival time is below a pre-determined target
time gap. The target time gap will inter alia take into ac-
count any time required to process the data packet in the
node, in order to perform the transmission thereof, and
probably a certain “safety” offset. It is to be noted that
the target time gap can also be communicated by the central
node, i.e. it is not fixed but can be adjusted. It does also
not have to have the same value for each node, but can be
node-specific. It is to be noted that the request to provide
an indication can be separate from the data packet, but it
can also be included within the data packet, e.g. as control

data included in the header thereof.

In step 206 the actual time gap is determined in the node. In
case the time gap is not below the target time gap, in step
208, the process restarts with step 202. Otherwise, when the
time gap is below the target time gap in step 208, an indica-
tion is transmitted to the central node to indicate this

shortfall. The process then also restarts with step 202.

In advanced embodiments the request to provide an indication
can include the request (or an independent additional request
is received) to indicate also if the time gap is equal to or

above the target time gap. In other words, a response or in-
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dication is requested under all circumstances. In this case
step 208 will include an additional branch (not shown),
wherein an indication is sent when the time gap is egqual to

or above the target time gap.

In fig. 6 a system according to the invention is shown. It
comprises a central node 2 and three distributed nodes 4, ad-
ditionally indicated by NBR A, NB B and NBR C. Via an interface
6 the central node is connected with the distributed nodes 4.
Interface 6 can for example be an existing Iub interface that
is enhanced according to the invention. Each node 4 comprises
a corresponding interface 16 connected with the central
node’s interface 6. A wireless interface 18 is part of each
node 4, for example adapted for a GSM or UMTS communications
network. The wireless interface 18 is used for the synchro-

nized broadcast, e.g. for transmitting MBMS.

The central node comprises a timer component 10, which is ca-
pable of providing time stamps, or generally, for enabling
the central node 2 to associate data packets with a genera-
tion, transmission or intended air-transmission time. The
central node 2 is controlled via a controller 8 that is

adapted for performing the method of the invention.

In turn each node 4 comprises a timer component 14, enabling
the node 4 to handle particularly the intended air-
transmission time of a data packet. In other words, the timer
component 14 enables the node to determine when to transmit a
received data packet. The timer component 14 can for example
be implemented as a GPS module, or is part of a synchronized
timing circuit shared by all nodes. Each node 4 is controlled
by a controller 12 that is adapted for performing the method

of the invention.
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The proposed invention has no particular topology restric-
tions, it is adapted to the use of IP Multicast for the data
transport bearer, and it allows reusing the Iub for the es-
tablishment of the proposed Iub transport control channels.
It is suitable to support the inventive scheme before the
transmission over the air starts, as well as during an ongo-

ing transmission.

According to another option of the invention the central node
provides a dedicated IP port for the indications or distur-
bance notifications, respectively, such as “too late arrival
of packets”, that a distributed node can indicate at any
time. In some embodiments of the invention this notification
does in addition indicate the gap time to be compensated by
an increase of the deferral time. The gap time is egqual to
the time difference between the required air-transmission
time and the actual time of arrival at the network interface,
adding to it the time of advance that the node requires in
order to process for air-transmission. In this manner, the
central node will know it shall increase the deferral trans-

mission time at least by this wvalue.

It is to be noted that the desired transmission time of a
data packet may be determined from a time stamp associated to
each packet, adding to it the time deferral. If the IP multi-
cast does not beat a time stamp, it will bear some other kind
of time information that will allow associating it to an ab-
solute time stamp identically understood in all distributed

nodes.

An increase of the transmission time deferral could result in
an interruption of the service, and this will be perceived by
the user if not handled properly. Therefore, in advanced em-

bodiments the central node is capable of making the transi-
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tion to an increased time deferral smooth, if it can properly
interact with the application layer, or if it has at least a
buffered state of the packet flow. A possible solution is
that it simultaneously sends the packets, each with a step-
increased deferral time (as they have to be air-transmitted
sequentially), until it manages to be sending the data pack-

ets with the updated and targeted deferral time.

In other words, the central node applies the following tech-
niques to defer packets properly until all nodes are capable
of transmitting them:

- If a sufficiently high number of packets are available
in the output buffer, the central node overcomes the situa-
tion by sending as many as needed simultaneously, with a step
increased deferral time, until it is sending with the tar-
geted deferral time.

- If the output buffer capacity is insufficient to compen-
sate the requested deferral time, the application layer is
notified about the deferral time that is going to be intro-
duced, the application layer takes measures accordingly in
order to smooth the transition time.

- In the worst case, the central node increases the defer-
ral transmission time without applying “smoothing” methods;
as a consequence the transmission is temporarily interrupted
and the radio resources are free during the transition time
(there is in principle no need, at the side of the nodes, to

generate empty frames).

An improved solution is that the central node is capable of
evaluating the most appropriate deferral time in advance, be-
fore a service actually starts. For this purpose, it requests
(e.g. as control information in the header of the data packet
distributed via IP multicast) from the distributed nodes to

indicate whether the time gap (time gap between the latest
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time of arrival possible and the actual arrival time of the
packet) is below a certain provided value GT. If no node re-
sponds, the request is repeated with a reduced GT value. This
is repeated until one or more nodes indicate, e.g. via the
dedicated disturbance notification port, that they have re-

ceived that packet with a time gap below the proposed wvalue.

The central node may then use a deferral time with a GT value
that hasn’t caused a disturbance notification, i.e. above the
value that triggered the notification. This GT wvalue can be
additionally set as preferred GT value. This quickly converg-
ing algorithm can be used shortly before the start of the
service and the transmission of the actual data, in order to
establish the optimum deferral time at the central node, in a
way that resembles that of conducting a survey. It can actu-
ally be applied in parallel to the ongoing service, in order

to re-evaluate the correctness of the GT value under use.

Note that this method cannot cope with packet loss, but sur-
vey repetition provides a certain level of confidence in the
results. Most often the same nodes will report back at the
disturbance port. For this reason, an optional enhancement of
the method that improves its reliability is to request from a
certain subset of nodes (the usual suspects for having the
highest transport delay times) an answer in any case. This
can be part of the survey mechanism, which includes a list of
single IP addresses identifying the nodes that shall answer
anyway, or else via 0&M, where it is configured that these
nodes shall always answer, even when the GT is fairly suffi-
cient. That is, it is configured in the central node that
from these nodes an answer shall always be received, other-
wise the survey procedure is repeated, assuming that the

packets did not reach.
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As the transport time delay strongly varies, the nodes may
report an actual time gap below the preferred GT value before
actually starting to receive packets too late. For this rea-
son, the disturbance notification may distinguish following
situations:

- Packets arriving with a time gap below the GT value (op-
tional quantitative difference value between GT and actual
value is a possible additional information, GTdv).

- Packets arriving too late for transmission.

This information may be evaluated and included in a statisti-

cal way (maximum, minimum and mean values of the GTdv).

It is helpful for the nodes to easily identify both delay
jitters in the network as well as packet losses. For this
purpose, the central node may indicate the frequency at which
data packets are multicasted (e.g. “packets are sent every 80
ms”), and whether a packet is actually the last of a burst
(in order to distinguish between packet loss or non-
transmission periods). If this is supported, the node can
quickly react to packet losses. In this conjunction the op-
tion that the central node provides an IP port for distur-
bance notifications can be reused for the report of packets
not received (as the data packets will have a sequence num-
ber), and having them being re-sent. If the deferral time is
sufficiently high (e.g. more than 1.5 times the maximum round
trip delay + time interval between consecutive packets), it
is possible to partially compensate transport data packet

loss or corruption.

The evaluation of the GT value that needs to be compensated
for MBMS purposes relies on a mechanism that can be used for
a more accurate investigation of the existing transport de-
lays, at least to those nodes that rely on an absolute clock.

The measurement relies on the possibility to use the absolute
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time stamp at the central node (or a common time stamp that
can be associated to an absolute clock at the distributed
node) and the distributed node. The transport delay can be
accurately calculated at the node. This calculation can be
reported to the central node at the disturbance notification
port. Alternatively, the central node can conduct a survey
and obtain a statistical evaluation by asking a certain sub-
set of nodes (e.g. those having a calculated transport time

in a certain time window) to provide an answer.
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Claims

1. Method for synchronizing the transmission of data pack-
ets in a broadcast system comprising a central node and
at least two distributed nodes, the method comprising:

- transmitting at least one data packet from said
central node to said at least two distributed
nodes, wherein said data packet is to be transmit-
ted by said at least one distributed node at a
transmission time defined by a time deferral;

- transmitting to said at least two distributed nodes
a request to indicate if the time gap between the
arrival time of at least one data packet and said
transmission time is below a target time gap;

- decreasing said time deferral and restarting the
method if no distributed node indicates within a
pre-determined time interval that said time gap is
below said target time gap; and

- increasing said time deferral if at least one dis-
tributed node indicates within said pre-determined
time interval that said time gap is below said tar-

get time gap.

2. Method according to claim 1, wherein
- said data packet comprises a time stamp;
- said transmission time is defined by said time
stamp plus said time deferral; and
- said time deferral is communicated to said at least
two distributed nodes upon increase or decrease

thereof.

3. Method according to claim 1, wherein said data packet
comprises an air-transmission time, and wherein said

air-transmission time is defined by the generation or
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transmission time of said data packet at said central

node plus said time deferral.

Method according to anyone of claims 1 to 3, further
comprising:
- providing a dedicated port in said central node for

receiving said indications.

Method according to anyone of claims 1 to 4, wherein the
method is restarted following said increasing of said

time deferral.

Method according to anyone of claims 1 to 5, wherein
said central node comprises an output buffer for data
packets to be transmitted to said at least two distrib-
uted nodes, and wherein increasing or decreasing said
time deferral includes:

- simultaneously transmitting a plurality of data
packets from said output buffer to said at least
two distributed nodes, wherein the time deferral of
each data packet is gradually increased or de-
creased until a target time deferral has been

reached.

Method according to anyone of claims 1 to 6, further

comprising:

- transmitting to at least one of said at least two
distributed nodes a request to indicate if the time
gap between the arrival time of said at least one
data packet and said transmission time is equal to
or above said target time gap; and

- restarting said method if any requested node does
not provide said indication within a pre-determined

time interval.
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10.

Method according to anyone of claims 1 to 7, wherein

- said indication from at least one distributed node
includes the deviation of the time gap from the
target time gap; and

- said increasing or decreasing of said time deferral

is performed on the basis of said deviation.

Method for synchronizing the transmission of data pack-
ets in a broadcast system comprising a central node and
at least two distributed nodes, the method comprising:

- receiving at least one data packet from said cen-
tral node, wherein said data packet is to be trans-
mitted at a transmission time defined by a time de-
ferral or an air-transmission time;

- receiving from said central node a request to indi-
cate if the time gap between the arrival time of
said at least one data packet and said transmission
time is below a target time gap;

- determining the time gap between the arrival time
of said at least one data packet and said transmis-
sion time; and

- transmitting an indication that the time gap is be-
low said target time gap to said central node if
the time gap of said at least one data packet is

below said target time gap.

Method according to claim 9, wherein

- said data packet comprises a time stamp;

- said transmission time is defined by said time
stamp plus said time deferral; and

- said time deferral is received from said central

node.



10

15

20

25

30

WO 2008/135573 33 PCT/EP2008/055546

11.

12.

13.

Method according to claim 9, wherein said data packet

comprises said air-transmission time.
Method according to anyone of claims 9 to 11, wherein
said indication is transmitted to a dedicated port of

sald central node.

Method according to anyone of claims 9 to 12, further

comprising:

14.

15.

le.

- receiving a request to indicate if the time gap be-
tween the arrival time of said at least one data
packet and said transmission time is equal to or
above said target time gap; and

- transmitting an indication that time gap is equal
to or above said target time gap to said central
node if said time gap is equal to or above said

target time gap.

Method according to anyone of claims 9 to 12, further
comprising:

- determining the deviation of the time gap from said
target time gap; and

- including said deviation in said indication.

Computer program product, comprising instructions stored
on a computer-readable medium, for instructing a com-
puter to perform the method of anyone of claims 1 to 14,

when run on said computer.

Device for synchronizing the transmission of data pack-
ets in a broadcast system comprising said device and at
least two distributed nodes, the device comprising:

- an interface adapted for transmitting data packets

to said at least two distributed nodes;
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17.

18.

- an interface adapted for receiving indications from
said at least two distributed nodes;

- a timer component adapted for providing time
stamps;

- a controller, adapted for transmitting at least one
data packet to said at least two distributed nodes,
wherein said data packet comprises is to be trans-
mitted by said at least one distributed node at a
transmission time defined by a time deferral, for
transmitting to said at least two distributed nodes
a request to indicate if the time gap between the
arrival time of at least one data packet and said
transmission time is below a target time gap, for
decreasing said time deferral and restarting if no
distributed node indicates within a pre-determined
time interval that said time gap is below said tar-
get time gap, and increasing said time deferral if
at least one distributed node indicates within said
pre-determined time interval that said time gap is

below said target time gap.

Device according to claim 16, wherein said controller is
adapted for including a time stamp in said data packet,
wherein said transmission time is defined by said time
stamp plus said time deferral, and for communicating
said time deferral to said at least two distributed

nodes upon increase or decrease thereof.

Device according to claim 16, wherein said controller is
adapted for including an air-transmission time in said
data packet, wherein said air-transmission time is de-
fined by the generation or transmission time, determined
by said timer component, of said data packet at said

central node plus said time deferral.
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19.

20.

21.

22.

23.

Device according to anyone of claims 16 to 18, wherein
said interface for receiving indications comprises a

dedicated port for receiving said indications.

Device according to claim 15 or 16, wherein the control-
ler is adapted for restarting following said increasing

of said time deferral.

Device according to anyone of claims 16 to 20, further
comprising:

- an output buffer for data packets to be transmitted
to said at least two distributed nodes;

wherein said controller is adapted for performing said
increasing or decreasing of said time deferral by simul-
taneously transmitting a plurality of data packets from
said output buffer to said at least two distributed
nodes, wherein the time deferral of each data packet is
gradually increased or decreased until a target time de-

ferral has been reached.

Device according to anyone of claims 16 to 21, wherein
said controller is adapted for transmitting to at least
one of said at least two distributed nodes a request to
indicate if the time gap between the arrival time of
said at least one data packet and said transmission time
is equal to or above said target time gap, and for re-
starting if any requested distributed node does not pro-
vide said indication within a pre-determined time inter-

val.

Device according to anyone of claims 16 to 22, wherein

said indication includes the deviation of the time gap



10

15

20

25

30

WO 2008/135573 36 PCT/EP2008/055546

24.

25.

from said target time gap, and wherein said controller

is adapted to perform said increasing or decreasing of

the time deferral based on said deviation.

Device for synchronizing the transmission of data pack-

ets in a broadcast system comprising a central node and

said device, the device comprising:

an interface adapted for receiving data packets
from said central node;

an interface adapted for transmitting indications
to said central node;

a timer component;

a controller adapted for receiving at least one
data packet from said central node, wherein said
data packet is to be transmitted by said device at
a transmission time defined by a time deferral or
an air-transmission time, receiving from said cen-
tral node a request to indicate if the time gap be-
tween the arrival time of said at least one data
packet and said transmission time is below a target
time gap, determining the time gap between the ar-
rival time of said at least one data packet and
said transmission time, and transmitting an indica-
tion that the time gap is below said target time
gap to said central node if the time gap of said at

least one data packet is below said target time

gap.

Device according to claim 24, wherein said interface for

transmitting indications is adapted for transmitting

said indications to a dedicated port of said central

node.
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26.

27.

28.

29.

Device according to claim 24 or 25, wherein said con-
troller is adapted for receiving a request to indicate
if the time gap between the arrival time of said at
least one data packet and said transmission time is
equal to or above said target time gap, and for trans-
mitting an indication that time gap is equal to or above
said target time gap to said central node if said time

gap 1is equal to or above said target time gap.

Device according to anyone of claims 24 to 26, wherein
said controller is adapted for determining the deviation
of the time gap from said target time gap, and for in-

cluding said deviation in said indication.

System, comprising a device according to anyone of
claims 16 to 23, and at least two devices according to

anyone of claims 24 to 27.

Apparatus, comprising:

- means for transmitting at least one data packet
from said central node to said at least two dis-
tributed nodes, wherein said data packet is to be
transmitted by said at least one distributed node
at a transmission time defined by a time deferral;

- means for transmitting to said at least two dis-
tributed nodes a regquest to indicate if the time
gap between the arrival time of at least one data
packet and said transmission time is below a target
time gap;

- means for decreasing said time deferral and re-
starting the method if no distributed node indi-
cates within a pre-determined time interval that

said time gap is below said target time gap; and
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means for increasing said time deferral if at least
one distributed node indicates within said pre-
determined time interval that said time gap is be-

low said target time gap.

Apparatus, comprising:

means for receiving at least one data packet from
said central node, wherein said data packet is to
be transmitted at a transmission time defined by a
time deferral or an air-transmission time;

means for receiving from said central node a re-
quest to indicate if the time gap between the arri-
val time of said at least one data packet and said
transmission time is below a target time gap;
means for determining the time gap between the ar-
rival time of said at least one data packet and
said transmission time; and

means for transmitting an indication that the time
gap is below said target time gap to said central
node if the time gap of said at least one data

packet is below said target time gap.
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