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Description

Inter—-network—-nodes Flow Control

The application relates to a packet data flow control mecha-

nism in a telecommunication network.

A system architecture evolution (SAE) of the next generation
public telecommunication system comprises a radio access net-
work (RAN) and an evolved packet core (EPC), which is con-
nected to the RAN by a S1 interface. A base station (BS) of
the RAN exchanges packet data with a gateway of the ECP. The
base station is also known as eNodeB. The exchange of packet
data is via the S1 interface. The eNodeB can also transmit

packet data with another eNodeB of the same RAN.

The application provides a mobile network telecommunication
system that comprises a base station for sending flow control
signal for a UE (user equipment) to a core network, the core
network being capable of responding to the flow control sig-
nal by buffering packet data for the UE, and an interface for
transmitting the flow control signal between the base station

and the core network.

It is believed that a flow control mechanism can improved a
transmission of packet data in a telecommunication network. A
gateway of the telecommunication network is informed of a
buffering status of a current serving base station (BS). The
packet data can be delayed in being forwarded to the serving
BS during a congestion or during a handover process. The
gateway can be in the form of a SAE (system architecture evo-
lution) gateway whilst the base station can in the form of an

eNodeB.
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The wireless—-network telecommunication system can be in the
form of a next generation public telecommunication system.
The base station can be in the form of an eNodeB. The flow
control signal can be received by a gateway of the core net-
work. The gateway can be in the form of a SAE gateway. The

interface can be in the form a S1 interface.

The flow control signal can be triggered by congestion in the
transmission of packet data to the UE. The flow control sig-
nal can comprise a XON and an XOFF signalling. The flow con-
trol can also comprise a maximum amount of data for the UE
that the base station can receive from the core network. The
flow control can be signalled by a control plane or a user

plane.

A method transmitting packet data within a mobile network
telecommunication system is provided. The method comprising
the steps of sending of packet data for a UE (user equipment)
from a core network to a base station; sending of a sending-
off message from the base station to the core network, if a
packet data transmission parameter exceeds a predetermined
criterion, ceasing the sending of the packet data for the UE
by the core network in response the sending-off message and
buffering any packet data for the UE by the core network; and
sending a send-on message from the base station, 1f the
packet data transmission parameter falls below the predeter-
mined criterion, and resuming the sending of packet data from

the core network to the base station.

The packet data transmission parameter may comprise a traffic
congestion indicator. The packet data transmission parameter

may comprise the UE handover.
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The application provides an explicit per-UE flow control to

prevent data overflow.

The flow control mechanism takes advantage of the normally
high gateway buffering capacity, which is usually higher than
eNodeB buffering capacity. The flow control mechanism explic-—
itly informs the gateway not to forward packet data during a
handover process. The packet data forwarding is resumed after
the handover process is completed. The packet data can be
later redirected to a target eNodeB. This is in contrast to
most gateways that are not aware of the handover process un-
til it is finished. These gateways would continue forwarding
packet data of a handover UE (user equipment) to a source
eNodeB, which are then forwarded to the handover UE through
the target eNodeB. The flow control mechanism avoids ineffi-
ciency and error-prone, which are associated with most gate-

ways.

Only tiny protocol overhead is usually reguired by the flow
control mechanism. The flow control signalling can be easily
included in a user plane or a control plane protocol on the
S1 interface. Such mechanism enables a reuse of the S1 inter-

face protocol with a minimal change.

FIG. 1 illustrates a message sequence chart for flow con-

trol signalling during eNodeB congestion,

FIG. 2 illustrates a message sequence chart for flow con-

trol signalling during an inter-eNodeB handover,

FIG. 3 illustrates a format of the flow control signalling
of FIG. 1, and
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FIG. 4 illustrates a new extension header of a flow con-

trol message.

FIG. 1 illustrates a message sequence chart 10 for a flow
control signalling during eNodeB congestion. The message se-
quence chart 10 depicts a flow control mechanism for sending
of packet data in a 3GPP (Third Generation Partnership Pro-
ject) LTE (Long Term Evolution) telecommunication network.
The 3GPP LTE telecommunication network includes a UE (user
equipment) 11, a serving eNodeB 12, and an evolved core net-
work. The evolved core network includes a SAE (System archi-
tecture evolution) gateway 13. The serving eNodeB 12 is con-
nected to the SAE gateway 13 by a S1 interface. The S1 inter-

face is described in 3GPP LTE specification.

The UE 11 comprises a subscriber or a user and a terminal
that 1is capable of communicating with the serving eNodeB 12.
The terminal can be in the form of a mobile phone, or in the
form of a computer that is connected to a mobile modem. The
mobile modem can be included in the mobile phone. The eNodeB
12 transmits signals from the UE 11 to the SAE gateway 13 and
it sends signals from the SAE gateway 13 of an EPC (evolved
packet core) to the UE 11. The eNodeB 12 services the user
equipments that are within its geographical service area or
cell. The S1 interface provides a communication link between
the serving eNodeB 12 and the SAE gateway 13. The SAE gateway
13 provides transfers of signal between the UE 11 and other

networks.

The message sequence chart 10 commences with a step 15 of
transmitting packet date for a particular UE #N by the SAE
gateway 13.
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Later, the serving eNodeB 12 detects congestion for the UE #N
at step 16. The serving eNodeB 12 afterward responds to the
congestion by sending a message 17 of XOFF (sending off) sig-
nalling for the UE #N to the SAE gateway 13. The XOFF signal-
ling is also known as a XOFF command. Then, the SAE gateway
13 stops sending packet data for the UE #N and buffers or
stores any packet data for the UE #N at the SAE gateway 13.

Afterwards the congestion is alleviated for the UE #N, as
shown in step 18. The serving eNodeB 12 then sends a message
19 of a XON (sending on) signalling for the UE #N to the SAE
gateway 13. The message 19 is for updating the SAE gateway 13
of the congestion. The SAE gateway 13 afterward resumes step
20 of sending the buffered packet data for the UE #N to the

serving eNodeB 12.

Other parts of the flow control signalling are shown in an
inter-eNodeB handover of figure 10.1.2.1 of 3GPP TS 36.300
V1.0.0, "Evolved Universal Terrestrial Radio Access (E-UTRA)
and Evolved Universal Terrestrial Radio Access Network (E-
UTRAN) ", http://www.3gpp.org/ftp/Specs/html-info/36300.htm,

herein called document D1.

The XON or the XOFF signalling is accomplished by one bit,

which represents two states.

The XOFF signalling is used by the serving eNodeB 12 to in-
form the SAE gateway 13 to stop sending packet data to a par-—
ticular UE. Similarly, the XON signalling is used the serving
eNodeB 12 to inform the SAE gateway 13 to resume sending

packet data to the particular UE.
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The flow control signalling can be embedded in the S1 inter-
face user plane transmission protocol, or, in the 81 inter-

face-control plane protocol.

The S1 interface user-plane transmission protocol is a form
of GTP-U (General Packet Radio Service (GPRS) tunnelling pro-
tocol user) protocol, which is described in 3GPP TS 29.060
V7.5.0, "GPRS (General Packet Radio Service) Tunnelling Pro-
tocol (GTP) across the Gn and Gp interface",
http://www.3gpp.org/ftp/Specs/html-info/29060.htm, herein

called document D2.

The S1 interface-control plane protocol is a S1 AP (applica-
tion protocol), which is shown in 3GPP TS 36.413 v0.1.0,
"Evolved Universal Terrestrial Access Network (E-UTRAN); Sl
Application Protocol (S1ap)",
http://www.3gpp.org/ftp/Specs/html-info/36413.htm, herein

called document D3.

In a special case, the serving eNodeB 12 signals a flow con-
trol signalling with greater granularity. The flow control
signal a maximum amount of data the serving eNodeB 12 will
accept from the SAE gateway 13. The maximum amount of data is
also known as number of acceptable bytes. The maximum amount
of data can be represented in terms of bytes or Kbytes (kilo-
bytes). The serving eNodeRB 12 can change the maximum amount
according to its internal buffering condition. In addition,
the SAE gateway 13 may forward the packet data for a particu-
lar UE. The packet data is limited to the signalled maximum

amount.

The S1 interface is an example of an interface between a

gateway (GW) and a base station (BS).
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The example of FIG.1 avoids an overflow of packet data. Net-
work functional nodes, which are involved in the forwarding
of data from a gateway to an eNodeB, do not usually consider
buffering of packet data. This could lead to the overflow of
packet data, wherein the network functional nodes are unable

to handle the packet data and may discard the packet data.

In a broad sense, the 3GPP LTE telecommunication network is a
form of a mobile network telecommunication system. The serv-
ing eNodeB 12 is a type of a base station. The evolved core
network is a form of a core network. The SAE gateway 13 is a
type 0of a gateway. The S1 interface is a type of an interface
between the base station and the gateway. The XON or XOFF
signalling may be known as a XON or XOFF command or be known

as a XON or XOFF request.

FIG. 2 depicts a message sequence chart 25 for flow control
signalling during an inter-eNodeB handover. The message se-—
quence chart 25 includes parts that are similar to the parts
of FIG. 1. The similar parts have similar names and the de-
scription of the similar parts in FIG. 1 is incorporated by

reference.

The message sequence chart 25 includes a plurality of mes-—
sages transmitted among user equipment (UE) # N 26, a source
eNodeB 27, a target eNodeB 28, and a SAE gateway 29. The
source eNodeB 27 and the target eNodeB 28 are connected to

the SAE gateway 13 by a S1 interface.

The message sequence chart 25 starts with sending of a meas-
ure control message 32 by the source eNodeB 27 to the UE #N
26. The measure control message 32 is for configuring meas-
urement procedures by the UE #N 26 according to area restric-

tion information. Later, the SAE gateway 29 sends packet data
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to the source eNodeB 27 for the UE #N 26 in a step 33. The
source eNodeB 27 then send the received packet data to the UE
#N 26 in a step 34. After this, the UE #N 26 is triggered to
send a measurement report message 35 to the source eNodeB 27.
The measurement report message 35 is characterise by a rules

set, which includes system information and specification.

The source eNodeB 27 afterward performs a handover decision
for the UE #N in a step 36. The handover decision to hand off
the UE #N is based on information found within the measure-

ment report message 35 and radio resource information.

Then, the source eNodeB 27 sends a message 37 of a XOFF com-
mand for the UE #N. The XOFF command instructs the SAE gate-
way 29 to stop sending the packet data for the UE #N 26. A
message 38 of a handover request or a handover ACK (acknowl-
edgement) 1s later transmitted between the source eNodeB 27
and the target eNodeB 28. The message 38 includes the hand-
over reqguest that is sent by the source eNodeB 27 to the tar-
get eNodeB 28. The handover request provides information for
preparing the handover to the target eNodeB 28. The target
eNodeB 28 later prepares for the handover and sends the hand-
over request acknowledgement to the source eNodeB 27. The
source eNodeB 27 afterwards sends a message 39 of a handover
command to the UE #N 26. The handover command includes infor-

mation received from the target eNodeB 28.

Later, the source eNodeB 27 performs a step 42 of delivering
buffered and in-transit packets to the target eNodeB 28. The
source eNodeB 27 then performs a step 43 of DL (downlink)
packet forwarding to the target eNodeB 28. A message 44 of
synchronisation, resource allocation, and handover confirma-
tion is sent between the UE #N 26 and the target eNodeB 28.

The message 44 comprises the synchronisation wherein the UE
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#N 26 synchronises to the target eNodeB 28 and starts acquir-
ing resource allocation such as upload timing advance from
the source eNodeB 27. The UE #N 26 sends the handover confir-
mation to the target eNodeB 28 when the UE #N 26 completes
the handover procedure. After this, the target eNodeB 28
sends a message 45 of a handover complete to the SAE gateway
29. The message 45 may include a XON command for the UE #N.
The message 45 informs the SAE gateway 25 that the UE #N 26
has changed cell. The XON command instructs the SAE gateway

29 to resume sending the packet data.

The SAE gateway 29 then performs a step 46 of path switching.
Later, the SAE gateway 29 sends a message 47 of handover com-
plete ACK to the target eNodeB 28. The message 47 confirms
the completion of the handover. The SAE gateway 29 then re-
suming sends the packet data for the UE #N to the target
eNodeB 28 in a step 48. The target eNodeB 28 afterward sends

packet data for the UE #N to the UE #N in a step 49.

During the inter-eNodeB handover, the source eNodeB 27 set
the number of acceptable bytes to zero in a flow control sig-
nal or flow control message. In this case, flow control
mechanism for packet data is also similar to the message se-
quence chart 10 of FIG. 1. The flow control signal includes
an identifier and a maximum number of acceptable data. The

data is expressed in bytes or in Kbytes.

In a special case during the inter-eNodeB handover, the
source eNodeB 17 set the number of maximum amount of data for
transmission by the SAE gateway 29 to the serving eNodeB 27
to zero by a flow control signal. The flow control signal in-
cludes an identifier and the maximum number of transmitted

data, which is expressed in bytes or Kbytes.
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The example of FIG. 2 avoids loss of transmission efficiency
due to re-transmission of packet data. Packet data in a
downlink transfer may experience longer delay at a source
eNodeB due to air interface congestion. During the inter-
eNodeB handover, the source eNodeB may be unable to store in-
transit packet data and have either to deliver the in-transit
packet data to a target eNodeB, or to discard them. The
source eNodeB may also be unable to forward the packet data
directly to a particular UE, 1if a SAE gateway continuously

delivers packet data to the source eNodeB.

Later, if the packet data are re-transmitted to the target
eNodeB by the serving eNodeB, the transmission efficiency is
lower and a data delay becomes longer. If those packet data
are discarded by the serving eNodeB, the loss packet data may
be recovered by possible transport layer re-transmission

schemes.

FIG. 3 shows a format 52 of a message for the flow control
signalling of FIG. 1 or 2. The format 52 includes three data
fields. The first data field 53 is for storing a message
identifier, which describes the message as a flow control
message. The second data field 54 is for storing a UE (user
equipment) ID (identifier). The third data field 55 is for
storing a command name, namely XOFF command name, a XON com-

mand name, or for storing a number of acceptable bytes.

In a further embodiment, the signalling of flow control com-—
mand 1s transmitted via a user plane on the S1 interface. The
flow control command is piggybacked onto an uplink GTP-U pro-
tocol data unit (PDU), which carries an uplink user plane
data from an eNodeB to a gateway. The uplink GTP-U protocol

data unit is described in document D2. The flow control com-—
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mand i1s included in an extension header of the GTP-U proto-

col.

The format 58 of the extension header is depicted in FIG. 4.
The extension header includes an extension header length
field, extension header content field, and a next extension

header type field.

The extension-header length field 59 occupies a first octet.
The identity of the UE needs not necessarily to be added to
the extension header, as the UE address is contained in the

encapsulated IP (Internet Protocol) packet by the GTP-U PDU.

The extension header content field 60 includes an explicit
amount of acceptable data, which then occupies multiple oc-
tets. The extension header content occupies a second to m oc-
tet position. A maximum number for the multiple octets is
predetermined. The acceptable data is expressed in terms of

bytes or Kbytes.

The new extension-header type field 61 is provided for the
flow control message. The new extension header type occupies

one octet, which at a (m+l1l) octet position.

The above embodiments and its principle can be implemented in
the future network, such as NGMN (Next Generation Mobile Net-
work) . The implementation may provide the future network with
inter-system congestion avoidance-alike procedures for its

inter-WG (work group) and inter GW-BS (gateway-base station).

In short, the application provides a flow control signalling
via a S1 interface, a two state flow-control message, and a
fine data amount-based flow control message between an eNodeB

and a SAE gateway.
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The flow control between the eNodeB and the SAE gateway can
be a two-state signalling. The eNodeB signals a XON or XOFF

request to the gateway.

When a particular UE (user equipment) is in a handover proc-
ess or when amount of buffered data in the eNodeB for that UE
is gquickly approaching an upper limit, the eNodeB can signal
the XOFF request to the SAE gateway. The amount of buffered
data can used to determine a congestion status. Upon receiv-
ing the XOFF request, the SAE gateway stops forwarding packet
data of that UE to the eNodeB. The packet data from an EPC
(evolved packet core) for that UE is temporarily buffered in
the SAE gateway. If the congestion status at the eNodeB for
that UE is later alleviated, the eNodeB can send the XON re-
quest to the gateway, so that the gateway could continue for-

warding the packet data for that UE to the eNodeB.

In the event of the UE completing the handover to another
eNodeB, the SAFE gateway would be notified of a switch in path
and the SAE gateway may start forwarding the packet data of

that UE to new serving eNodeB.
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List of abbreviations
3GPP Third Generation Partnership Project
BS base station
eNodeB Base station in the evolved radio access network
EPC evolved packet core
E-UTRA Evolved Universal Terrestrial Radio Access

E-UTRAN Evolved Universal Terrestrial Radio Access Network

GPRS General Packet Radio Service
GTP GPRS Tunnelling Protocol

GW gateway

Kbytes kilobytes

ID identifier

IP Internet Protocol

LTE Long term evolution

NGMN Next Generation Mobile Network
PDU protocol data unit

RAN Radio access network

S1AP S1 Application Protocol

SAE System architecture evolution
UE user equipment

WG work group

XOFF sending off

XON sending on
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Claims

1. A mobile network telecommunication system that comprises

a base station for sending flow control signal for a UE
(user equipment) to a core network, the core network be-
ing capable of responding to the flow control signal by
buffering packet data for the UE, and

- an interface for transmitting the flow control signal

between the base station and the core network.

2. The mobile network telecommunication system according to
claim 1,

characterised in that

the wireless-—network telecommunication system is in the form

of a next generation public telecommunication system.

3. The mobile network telecommunication system according to
claim 1 or 2,
characterised in that

the base station is in the form of an eNodeB.

4. The mobile network telecommunication system according one
of the above claims,

characterised in that

the flow control signal is received by a gateway of the core

network.

5. The mobile network telecommunication system according to
claim 4,
characterised in that

the gateway is in the form of a SAE gateway.

6. The mobile network telecommunication system according to

one of the above claims,
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the interface is in the form a S1 interface.

7. The mobile network telecommunication
one of the above claims,

characterised in that

the flow control signal is triggered by

transmission of packet data to the UE.

8. The mobile network telecommunication
claim 7,

characterised in that

the flow control signal comprises a XON

ling.

9. The mobile network telecommunication
claim 8,

characterised in that

system according to

congestion in the

system according to

and an XOFF signal-

system according to

the flow control comprises a maximum amount of data for the

UE that the base station can receive from the core network.

10. The mobile network telecommunication system according to

claim 8,

characterised in that

the flow control is signalled by a control plane or a user

plane.

11. A method transmitting packet data within a mobile network

telecommunication system, the method comprising the steps of

- sending of packet data for a UE (user equipment)

core network to a base station;

from a

- sending of a sending-off message from the base station

to the core network, if a packet data transmission pa-

rameter exceeds a predetermined criterion, ceasing the
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sending of the packet data for the UE by the core net-
work in response the sending-off message and buffering
any packet data for the UE by the core network; and

- sending a send-on message from the base station, if the
packet data transmission parameter falls below the pre-
determined criterion, and resuming the sending of packet

data from the core network to the base station.

12. The method according to claim 11,
characterised in that
the packet data transmission parameter comprises a traffic

congestion indicator.

13. The method according to claim 11,
characterised in that
the packet data transmission parameter comprises the UE hand-

over.
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