WO 2011/ 120581PCT/ EP2010/ 054380 1 Congestion Handling in a Commruni cation
Networ k Technical Field The present invention relates to techni ques of
handl i ng wongasi2eas i N a comuni cation network. Backgr euamgp2010/08138 | €
comuni cati on networks according to the 3GPP (Third Generation Partnership
Project) technical specifications, internediate transport networks may be
used to convey 15 data between different nodes of the nobile comunication
network. One exanple of such a scenario occurs when using a technol ogy
referred to as Hi gh Speed Packet Access (HSPA). Here, a transport network,
also referred to as lub transport network, nmay be used in the UMIS
Terrestrial Radio Access Network (UTRAN, UMIS:. Universal Mbbile
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HSPA in the direction fromthe nobile comruni cati on network to a user

equi paent (UE) is also referred to as Hi gh Speed Downli nk Packet Access

(HSDPA) , 1anghiEsRAgn the direction fromthe UE to the nobile communication
net wor k i‘s_a‘l‘S'o—r‘e#erred to as Hi gh Speed Uplink Packet Access (HSUPA). The
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Li nk1@ntrol (RLC) between the UE and the Radio Network Controller (RN O).
A flow contpol otocol, also 30 referred to as Fram ng Protocol (FP), has
been int%ré&%%%ﬁo control the sending rate of the RNC in the downlink
direction and the sending rate of the NodeB in the uplink direction. The FP
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Here, a transport network, also referred to as lub transport network, may be used in the
UMTS Terrestrial Radio Access Network (UTRAN, UMTS: Universal Mobile
Telecommunications System) to couple a Radio Network Controller (RNC) to a radio access

20 node (also referred to as Radio Base Station or NodeB). HSPA in the direction from the

mobile communication network to a user equipment (UE) is also referred to as High Speed
Downlink Packet Access (HSDPA), and HSPA in the direction from the UE to the mobile
communication network is also referred to as High Speed Uplink Packet Access (HSUPA).
The main aspects of HSPA are specified in the 25 series of the 3GPP technical

25  specifications (e.g. the 3GPP technical specification 25.308).

According to HSPA, two levels of link layer retransmission protocols are used: Hybrid
Automatic Repeat Request (HARQ) between the UE and the NodeB, and Radio Link Control
(RLC) between the UE and the Radio Network Controller (RNC). A flow control protocol, also

30 referred to as Framing Protocol (FP), has been introduced to control the sending rate of the
RNC in the downlink direction and the sending rate of the NodeB in the uplink direction. The
FP needs to address congestions on the radio link between the NodeB the UE and
congestions in the transport network between the NodeB and the RNC, and will try to set an
optimal sending rate which is as high as possible while avoiding the above types of

35 congestion. This means that the FP attempts to control the sending rate in such a way that
the fill level of queues in subsequent nodes will not exceed a given size.



the fill level of queues in subsequent nodes will not exceed a given size.
WO 2011/ 120581PCT/ EP2010/ 054380 2 However, it has turned out that the
above- menvoeoadizogti nal sending rate is typically hard torapbiewsszssi ng the
known FP. This is in part due to the known FP being a rate-based flow
control protocol. Further, typical scenarios of using HSPA involve, e.g., a
rapi dly changing radi o capacity available to a certain RLC connection or
different lub transport network 5 deploynents with different RLC round
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protocol between the eNodeB and the S-GW Furthernore, no flow control

protocolrﬂﬁs been specified between these nodes. |nstead, any node
det ecting excessive queui nhg may drop packets and thereby enforce the
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Core (EPC). The main aspects of LTE are specified in the 36 series of the 3GPP technical
specifications (e.g. in the 3GPP technical specification 36.300).

25 Unlike HSPA, LTE does not use a link layer retransmission protocol between the eNodeB
and the S-GW. Furthermore, no flow control protocol has been specified between these
nodes. Instead, any node detecting excessive queuing may drop packets and thereby
enforce the end-to-end congestion control mechanism of the transport layer as provided by
the Transmission Control Protocol (TCP) to reduce its congestion window. This results in a

30 reduction of the amount of data the TCP sender injects into the system and consequently, it
reduces the size of the queue.

The principle of end-to-end congestion control by means of Queue Management is well
known and widely used in the Internet. It cannot be applied in the HSPA transport network

35 due to the above-mentioned link layer retransmission protocol which would recover from all
packet drops and thereby hide the congestion from the TCP protocol.



The principle of end-to-end congestion control by neans of Queue Managenent
Is well known and widely used in the Internet. It cannot be applied in the
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t hereby hide the congestion fromthe TCP protocol. WO

2011/ 120581PCT/ EP2010/ 054380 3 Wil e end-to-end queue managenent is, when
applicable, superior to flow control protocols in terns of efficiency,
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congestion handling in a conmuni cation network, e.g. in a nobile

comuni cation network inplenenting HSPA or LTE. According to this nethod
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of a flowytasspsiat@@diM th a second bearer are received in an internediate
node. The data packets of the flow associated with the first bearer and the
data packets of the flow associated with the second bearer are transmtted
fromibhe Sunireamredi at e node. In response to a congestion being detected on
the first bearer, at |least one of the first bearer and the second bearer is

selected for notification of the detected congestion in the 20associ at ed
fl ow According to an embodiment of the invention, a method is provided which may be used for

congestion handling in a communication network, e.g. in a mobile communication network

implementing HSPA or LTE. According to this method data packets of a flow associated with
15  a first bearer and data packets of a flow associated with a second bearer are received in an

intermediate node. The data packets of the flow associated with the first bearer and the data

packets of the flow associated with the second bearer are transmitted from the intermediate

node. In response to a congestion being detected on the first bearer, at least one of the first

bearer and the second bearer is selected for notification of the detected congestion in the
20  associated flow.

According to a further embodiment of the invention, a method is provided which may be used
for congestion handling in a radio access node of a communication network implementing
HSDPA. According to this method, data packets are received from a transport network and

25 transmitted on a radio link. A congestion on the radio link or in the transport network is
detected. In response to the detected congestion being on the radio link, a first type of
congestion message is generated. In response to the detected congestion being in the
transport network, a second type of congestion message is generated.

30  According to a further embodiment of the invention, a network component is provided. The
network component comprises a first interface. The first interface is configured to receive
data packets of a flow associated with a first bearer and data packets of a flow associated
with a second bearer. Further, the network component comprises a second interface. The
second interface is configured to transmit the data packets of the flow associated with the

35 first bearer and the data packets of the flow associated with the second bearer. The network
component is further provided with a bearer selector. The bearer selector is configured to



According to a further enbodi nent of the invention, a nethod is provided
whi ch may be used for congestion handling in a radi o access node of a
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detected. In response to the detected congestion being on the radio link, a
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Fig. 1A schematically illustrates a mobile communication network environment implementing
HSDPA, in which concepts of congestion handling according to an embodiment of the

invention are applied.

25  Fig. 1B schematically illustrates a mobile communication network environment implementing
HSDPA, in which concepts of congestion handling according to a further embodiment of the

invention are applied.

Fig. 1C schematically illustrates a mobile communication network environment implementing
30 HSUPA, in which concepts of congestion handling according to a further embodiment of the

invention are applied.

Fig. 2 schematically illustrates a network component according to an embodiment of the
invention, which may be used as an intermediate node in the mobile communication network
35 environment of Fig. 1A, 1B or 1C.



According to further enbodi nents, other nethods or network conponents nmay
be provided. Brief Description of the Drawings 20 Fig. 1A schematically
i1l ustratwe 2a1vmbisite comruni cati on network environnment PepIEPR®N0E4380 HSDPA,
i n which concepts of congestion handling according to an enbodi nent of the
i nvention are applied. 25Fig. 1B schenmatgcally illustrates a nobile
communi cati on network environnent inplenenting HSDPA, in which concepts of
congestion handling according to a further enbodi nent of the invention are
appl i ed. Fig. 10 schematically illustrates a nobile comunication
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enbodi nent of the invention, which may be used as a radio access node in
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156 network environment of Fig. 4.

Fig. 7 _shows a flowchart illustrating a method of congestion handling according to an
embodiment of the invention. } '

'26 Fig. 8 shows a flowchart illustrating a further method of cdngéstion' handiihg according to an '
embodiment of the invention. ‘

Detailed Description of Embodiments

25 In the’.f_glldwing, the.inverition will be explained in more detail by referring to exemplary
embodiments and to the accompanying drawings. The illustrated embodiments relate to
congestion handling in a mobile communication network, e.g. a communication network
implemehting HSPA or LTE ac_c';prqing to_‘th'e 3GPP specifications. However, it is to be
understood 'th‘ét'»'the-_co'nééptg.'igéiS:'v described - herein may also be applied in other types of :

30 comr:nﬁpliéati'c:in networks. . . . - |

Fig. 1A éc‘:hemaﬁcally illustrates a mobile communication network environment implementing
HSDPA, in which concepts of congestion handling in accordance with embodiments of the
invention are app‘lié.d. In the illus_fré_t_e'd example, a section of the mobile communication
35 network environment is implemented aé UTRAN in accordance with the 3GPP specifications.
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20Fig. 8 shows a flowchart illustrating a further nethod of congestion
handl i ng according to an enbodi nent of the invention. Detailed Description
of Enbodiwenbs/26dsn the following, the invention will becexphaionsdssn nore
detail by referring to exenplary enbodi nents and to the acconpanyi ng

drawi ngs. The illustrated enbodi nents relate to congestion handling in a
nobi | e conmuni cati on network, e.g. a conmunication network inplenmenting
HSPA or LTE according to the 3GPP specifications. However, it is to be
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access node 180. is to be understood the end devices 110, 120

may act ué‘l’rmﬁr@%}?tf%é‘ﬁé‘ﬁaw & inplamRed %é§98f'”€a@§f‘%@kpa‘?kﬁ& RAdIPRFrees veprort
renotig t eNoreni8GsN)and further UEs. In addition, a further control node is
coupl ed between the control node 140 and the end devices 110, 120. In
accordance with the illustrated UTRAN i npl enentation, the further control
node 130 Assfurthpt dioetirdted, difermnSerotocnds Gemestatol Paycke tmdatie asSdrtvi ammv&uplptr t

packets between the end devices 110, 120 and the UEs 210, 220. For illustrating the
concepts of flow control and congestion handling as described herein, Fig. 1A shows an end-
20  to-end protocol implemented between the end devices 110, 120 and the UEs 210, 220, a
retransmission protocol implemented between the control node 140 and the UEs 210, 220,
and a flow control protocol implemented between the control node 140 and the radio access
node 180. The end-to-end protocol is a high layer protocol and, in the illustrated example,
may be the of the TCP/IP type (TCP: Transport Control Protocol, IP: Internet Protocol). Other
25  protocol types may be used as well, e.g. UDP (User Datagram Protocol) together with the
real-time protocol (RTP) and/or its counterpart, the Real-Time Control Protocol (RTCP) to
control the data rate. The retransmission protocol is a lower layer protocol. In the illustrated
example the retransmission protocol is the RLC protocol, which is a link layer protocol.
According to the retransmission protocol, data packets which were not successfully received
30 are retransmitted, which involves some type of feedback mechanism from the retransmission
protocol receiver to the retransmission protocol sender, e.g. by sending acknowledgement
packets from the receiver to the sender. The flow control protocol may have the purpose of
determining a desired send rate in the receiving entity (180, 140) of the protocol and
providing this information to the transmitting entity (140, 180) of said protocol. The
35 transmitting entity of the flow control protocol may enforce the requested send rate and
communicate flow-specific information between the control node, e.g. sequence numbers of
data packets. It is to be understood that the end-to-end protocol may be a retransmission
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may occur. In particular congestions may occur in the transport network 160, or may occur
on the radio link 250.

For example, there may be a congestion in the transport network 160 when transmitting the
35 data packets from the control node 140 to the radio access node 180, which may be
detected in the radio access node 180 on the basis of one or more data packets of the flow
not being successfully received by the radio access node 180. In this respect, a packet not
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The flag is also known as ECN Congestlon Experlence (ECN CE) flag The radio access

node 180 will then be able to detect the congestion on the basis of one or more missing data
35 packets or on the basis of receiving one or more data packets which have been marked with
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congestion. For this purpose, the bearer selector 188 may determine a priority order of the
bearers, e.g. based on absolute priorities or based on relative bitrates of the bearers. For
30 example, desired relative bitrates may have been assigned to the bearers, and a bearer
exceeding its desired relative bitrate may be determined to have a low priority. In some
situations, the bearer selector 188 may also select multiple or even all bearers for notification
of the congestion, e.g. if the bearers are determined to have substantially the same priorities.

35 The radio access node 180 is further provided with a congestion message generator 189
which receives an indication of the selected bearer from the bearer selector 188. The
congestion message generator then generates a congestion message CM indicating the
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A. Further, the congestion message generator 189 may report a congestion in the transport

network 160 as detected by the second congestion detector 187 by generating a second type
of congestion message CM, hereinafter referred to as message B. The congestion message
CM, i.e. message A or message B, is transmitted from the radio access node 180 to the
30 control node 140, where it may be used by a bearer selector 147 in the control node 140 to
select one of the bearers for notification of the congestion in the associated flow. The
congestion message CM may be transmitted via the transport network 160, e.g. using
correspondingly defined fields in acknowledgement data packets or other types of feedback
mechanism. According to some embodiments, a message as defined in the known FP, e.g. a
35 “rate up” message, could be reused as the message A, and a further message as defined in
the known FP, e.g. a “rate down” message, could be reused as the message B. However, it
is to be understood that reusing existing messages of the known FP means that these
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30 are determined to have substantially the same priorities.

The bearer selector 147 in the control node 140 indicates the selected bearer to the
congestion notifier 146 which notifies the detected congestion in the flow associated with the
selected bearer as indicated by the bearer selector 147. This may be accomplished by
35 dropping one or more data packets of the flow associated with the selected bearer, e.g. from
a corresponding queue 141 in the control node 140 or by marking one or more data packets
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message CM i ndicating the sel ected bearer, which is transmtted to the

cont rz@' %@c&%ﬂqjg/t$?a0ﬁ%#§’<§éﬁaﬁ82é)é&4&éﬂ&39n b bearer transmitting the first downlink flow

occurs on the radio link 250. This is detected by the congestion detector 186 in the radio
access node 180, e.g. on the basis of a queuing parameter of the queue 181, to which the
data packets of the first downlink flow are assigned before being transmitted via the radio link
250, exceeding a certain threshold value.
30
In the implementation of Fig. 1A, the congestion detector 186 indicates the detected
congestion to the bearer selector 188 in the radio access node 180. In response to the
detected congestion being on the radio link 250, the bearer selector 188 selects the same
bearer on which the congestion was detected, i.e. the bearer transmitting the first downlink
35 flow, for notification of the detected congestion and indicates the selected bearer to the
congestion message generator 189. The congestion message generator then generates a
congestion message CM indicating the selected bearer, which is transmitted to the control



node 140. The congestion nessage CMis received by the congestion notifier
146 in the control node 140. In the inplenmentation of Fig. 1B, the
congest i onoaetiedssn 186 i ndicates the detected 5 congeeCirapr2610/054380
congestion nmessage generator 189 in the radi o access node 180 which then
generates the first type of congestion nessage CM i.e. nessage A. The
congestion nessage is transmtted to the control node 140. The congesti on
nessage CM i.e. nessage A is received by the bearer selector 147 in the
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the congestion indication. The source endpoint of the first downlink flow may react to the
25  congestion by reducing the sending rate of the first downlink flow.

According to a second scenario, a congestion on the bearer transmitting the first downlink
flow occurs in the transport network 160. This is detected by the congestion detector 187 in
the radio access node 180, e.g. on the basis of a data packet of the first downlink flow not

30  successfully received from the transport network 160 or on the basis of receiving a data
packet of the first downlink flow, which was marked with a congestion indicator.

In the implementation of Fig. 1A, the congestion detector 187 indicates the detected
congestion to the bearer selector 188 in the radio access node 180. In response to the
35 detected congestion being in the transport network 160, the bearer selector 188 selects one
or more of the bearers, e.g. the bearer transmitting the second downlink flow, for notification
of the detected congestion and indicates the selected bearer to the congestion message
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fl ow may cbe@eymenawreemﬁ t he congestion due to recei vi ng acknow edgenent
packets which reflect the congestion 35 indication. The source endpoi nt of
t he second downlink flow may react to the congestion by reducing the

sendi ng rTaeecopfestiop rfotifiert 14oveilfies khef cangestidn is the dowelinkaiimw assosiatekeith the
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H T ust ratc(ca)ngestlon indication, e.g. by setting an ECN flag, into one or more data packets of the
second downlink flow. When accomplishing the notification by dropping one or more data

30 packets, the source endpoint of the second downlink flow may become aware of the
congestion due to a failure to receive acknowledgement packets for the dropped data

packets. When accomplishing the notification by including a congestion indication into one or

more data packets, the source endpoint of the second downlink flow may become aware of

the congestion due to receiving acknowledgement packets which reflect the congestion

35 indication. The source endpoint of the second downlink flow may react to the congestion by
reducing the sending rate of the first downlink flow. This at the same time makes additional

resources available for transmitting the data packets of the first downlink flow.
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35 In the mobile communication network environment of Fig. 1C, there may be a congestions on
the radio link 250 and congestions in the transport network 160 as well. A congestion in the
transport network 160 when transmitting data packets from the radio access node 180 via
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i s from the queue, which is sometimes referred to as Active ueue Management (AQM).
20  According to some embodiments, the transport network node locally detecting the congestion
may also mark one or more data packets of the queue 161 with a congestion indicator, e.g.
by setting an Explicit Congestion Notification (ECN) flag in a data packet of the queue 161.
The control node 140 will then be able to detect the congestion on the basis of one or more
missing data packets or on the basis of receiving one or more data packets which have been
25  marked with the congestion indicator.

For detecting the above-mentioned congestions on the radio link 250, the radio access node
180 is provided with a congestion detector 186. In accordance with the above explanations,
the congestion detector 186 may detect congestions on the radio link 250 with respect to a
30 uplink flow, which may be accomplished by detecting data packets of the uplink flow which
are not successfully received by the radio access node 180 or by detecting a failure of the
radio access node 180 to schedule the uplink transmission of one or more data packets via
the radio link 250. In some embodiments, the congestion detector 186 may detect a
congestion in the radio link 250 by detecting that, in a given time window, a certain number of
35 data packets of the uplink flow was not successfully received by the radio access node 180.
In some embodiments, the congestion detector 186 may detect a congestion on the radio link
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congestion detector 148 indicates the detected congestions to the bearer selector 147 of the
control node 140. The congestion detector may also detect the congestion on the basis of

25  receiving one or more data packets from the transport network 160, which have been marked
with a congestion indicator.

In the uplink implementation of Fig. 1C, the bearer selector 147 in the control node 140
accomplishes bearer selection on the basis of the type of detected congestion, i.e. a
30 congestion on the radio link 250 as indicated by the congestion message CM received from
the congestion message generator 189 of the radio access node 180 or a congestion in the
transport network 160 as indicated by the congestion detector 148 in the control node 140. In
response to the detected congestion, the bearer selector 147 selects one or more bearers for
notification of the detected congestion. The selection may be based on the type of the
35 detected congestion. More specifically, if the detected congestion is on the radio link 250, as
detected by the congestion detector 186 in the radio access node 180, the bearer selector
147 may select the bearer on which the congestion was detected. If the detected congestion
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selector 147. In response to the detected congestion being in the transport network 160, the
bearer selector 147 selects at least one of the bearers transmitting the first and second
35 uplink flows, e.g. the bearer transmitting the second uplink flow, for notification of the
detected congestion and indicates the selected bearer or bearers to the congestion notifier
146. This selection is based on priorities of the bearers. Assuming that the bearer



According to the concepts as described above, the control node 140 and/or
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t he maxi muonpogodsie sending rate. Conpl ex fl ow control porEpPess®ss3ROr
adjusting the sending rates in these 210odes are thus avoi ded. Rather, a flow
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functionalities of the congestion notifier 146. In this respect, it should

be noted that in the downlink inplenentations of Figs. 1A and 1B the
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sake of cI ar 'r3t§ have not been illustrated, e.g. physical link |ayer
interfac€ s ?ures Also, it is to be understood that the nmenory 150 may
i ncl ude further types of program code nodul es, which have not been
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functl onalities 200 ina accor the 3GPP techni cal
speci f i c@PPyhdhe control node 140 is implemented as an RNC to be used in a UTRAN according to

the 3GPP technical specifications.

The control node 140 includes a core network (CN) interface 142, which may be
30 implemented as a lu interface according to the 3GPP technical specifications, and a radio
access node interface 142, which has the purpose of coupling the control node 140 via the
transport network 160 to the radio access node 180, i.e. NodeB. The core network interface
142 may also be used to implement the O&M interface of the control node. Further, the
control node 140 includes a processor 145 coupled to the interfaces 142, 144 and a memory
35 150 coupled to the processor 145. The memory 150 may include a read-only memory
(ROM), e.g. a flash ROM, a random-access memory (RAM), e.g. a Dynamic RAM (DRAM) or
static RAM (SRAM), a mass storage, e.g. a hard disk or solid state disk, or the like. The



Fig. 3 further illustrates an exenplary inplenentation of the radi o access
node 180. As expl ai ned above, the radio access node 180 is inplenented as a
NodeB t o we 2us@doisn a UTRAN accordi ng to the 3GPP technipcalepspoosfiseat i ons.
25 The radi o access node 180 includesa control node interface 182, which
has the purpose of coupling the radio access node 180 via the transport
network 160 to the control node 140, i.e. RNC, which may be inpl enented as
the lub interface according to the 3GPP technical specifications, and a
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illustrated, e.g. physical link |ayer interface structures. Also, it is to

be understood that the nmenory 190 may include further types of program code
nodul es, F\r@mi&lfljrh@vellusnhtebeaﬂekémplstyr aipehmergtatipn pfﬂ@raamld:ed@smdmﬂeesed QXS
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conmmuni c atTRAN a@qqnmnsktcetlhel3ﬁ5’rﬁ©ninnlcahsbe¢tm10mm LTE, in which concepts of
congesgtion handling in accordance wi th enbodi ments of the invention are
applied. I1n the illustrated exanple, a section of the nobile comrunication
net wor k &R¢irAGARSAESS Pder0dhentese gentral porgNtEFACcaC\Sar WRISh &agithe PeRess ebp

25speci f icg@plingntfe radio access node 180 via the transport network 160 to the control node 140,
i.e. RNC, which may be implemented as the lub interface according to the 3GPP technical
specifications, and a radio interface 184, for coupling to one or more UEs via the radio link

30 250. In the illustrated example of a NodeB in a UTRAN according to the 3GPP technical
specifications, the radio interface may be the Uu interface. Further, the radio access node
180 includes a processor 185 coupled to the interfaces 182, 184 and a memory 190 coupled
to the processor 185. The memory 150 may include a read-only memory (ROM), e.g. a flash
ROM, a random-access memory (RAM), e.g. a Dynamic RAM (DRAM) or static RAM
35 (SRAM), a mass storage, e.g. a hard disk or solid state disk, or the like. The memory 190
includes suitably configured program code to be executed by the processor 185 so as to
implement the functionalities of the radio access node 180 as explained in connection with



As illustrated, the nobile comunication network environnment includes a
radi o access network in which a control node 340 is coupled via a transport
net wor k 360 20mi/@03sadi 0 access node 380 so as to convey eatraprp@okesisso bet ween
end devices 110, 120 and UEs 210, 22@3 30 which are coupled to the radio
access node 380 via a radio link 260. In accordance with the illustrated

E- UTRAN i npl enentation, the radio access node 380 is inplenented as eNodeB
(eNB), the control node 340 is inplenented as a Serving Gateway (S-GW, and
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node 380 so as to convey data packets between end devices 110, 120 and UEs 210, 220,

30  which are coupled to the radio access node 380 via a radio link 260. In accordance with the
illustrated E-UTRAN implementation, the radio access node 380 is implemented as eNodeB

(eNB), the control node 340 is implemented as a Serving Gateway (S-GW), and the transport

network 360 is a transport network of the S1 interface. In this connection, it is to be
understood that the transport network 360 may include one or more transport nodes (not

35 illustrated) which are interfaced so as to allow conveying data packets between the control

node 340 and the radio access node 380. This may also be a common transport network,

e.g., used by LTE and HSPA networks in common. Also it is to be understood that the end



30 e.g. on the basis of a low |ayer transport protocol as specified in the
3GPP technical specifications for the Si interface (see, e.g., 3GPP

t echni calwepetifssat i on 36.410), and therefore not be alpce/Hreoionsss@ct with
fl ow control mechani sns of the end-ta4end protocol. Since the control node
340 is arranged between the source and destination endpoints of the
end-to-end protocol flows, it may al so be referred to as an internedi ate
node. 35 WD 2011/ 120581PCT/ EP2010/ 054380 25 device 110 and the first UE 210
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therefore not be able to interact with flow control mechanisms of the end-to-end protocol.
Since the control node 340 is arranged between the source and destination endpoints of the
end-to-end protocol flows, it may also be referred to as an intermediate node.

35
In addition, Fig. 4 also indicates bearers established between the control node 340 and the
UEs 210, 220. More specifically, a first bearer used to convey data between the first end



their source/destination endpoint located in the sanme UE could relate to
different services, e.g., a Voice over |IP (VolP) service, a Mbile TV

servi ce, womiffizb®shari ng service. Such different servi ees/Erayoaksso have
different priority. For exanple, a VAsP service may have a higher priority
than a Mobile TV service or a filesharing service. 5 In the nobile

communi cati on network environnent of Fig. 4, different types of congestions
may occur. In particular congestions may occur in the transport network
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congest i QRqLRYEEhE additional flows may be present as well and the first flow and the second

flow may be regarded as examples of a plurality of flows. Also, it is to be understood that

typically downlink flows and uplink flows will be present at the same time. For example, a

downlink flow may carry data packets with payload data and may have a corresponding

uplink flow in the opposite direction, which carries acknowledgement data packets. Similarly,

30 an uplink flow may carry data packets with payload data and may have a corresponding

downlink flow in the opposite direction, which carries acknowledgement data packets.

Further, it is to be understood that endpoints of different flows may be located in different

physical devices (as illustrated in Fig. 4), but may also be located in the same physical

device. Nonetheless, these flows may be transmitted on different bearers. For example,

35 there could be two or more flows having their source/destination endpoint in the same UE. In

such flows, the source/destination endpoint may be identified by the same source/destination

address, but by a different source/destination port. For example, such different flows having
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absolute priorities or based on relative bitrates o bearers. For
detector 386 may also detect congestions on the radio link 260 with respect to an uplink flow,

which may be accomplished by detecting data packets of the uplink flow which are not
successfully received by the radio access node 380 or by detecting a failure of the radio
access node 380 to schedule the uplink transmission of one or more data packets via the
30 radio link 260 or by detecting based on buffer status reports provided by the UE to the radio
access node that the queue of data packets in the UE exceeds a pre-defined threshold. In
some embodiments, the first congestion detector 386 may detect a congestion in the radio
link 260 by detecting that, in a given time window, a certain number of data packets of the
uplink flow was not successfully received by the radio access node 380.
35
In accordance with the above explanations, the congestion detector 387 may detect
congestions in the transport network 360, which may be accomplished by detecting data
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The radio access node 380 is further provided with a congestion notifier 389 which receives
an indication of the selected bearer from the bearer selector 388. The congestion notifier 389
is configured to notify the detected congestion in the flow associated with the selected bearer
30 as indicated by the bearer selector 388. This may be accomplished by dropping one or more
data packets of the flow associated with the selected bearer, e.g. from a corresponding
gqueue 381 in the radio access node 380 or by marking one or more data packets of the flow
associated with the selected bearer with a congestion indication, e.g. by setting an ECN flag.

35  For detecting the congestions in the transport network 360 occurring in uplink flows, the
control node 340 is provided with a congestion detector 348. In accordance with the above
explanations, the congestion detector 348 may detect the congestions in the transport



access node 380, e.g. on the basis of a queuing paraneter of the queue 381,
to which the 15data packets of the first dowlink flow are assi gned before
bei ng tranenvtivrdssyi a the radio |ink 260, exceeding a cectrappomhssshol d

val ue. The congestion detector 386 imdi cates the detected congestion to the
bearer selector 388 in the radio access node 380. In response to the

det ected congestion being on the radio link 20 260, the bearer selector
388 selects the sane bearer on which the congestion was detected, i.e. the
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sel ects one or e bearers, e. e bearer trans ttin e second
downlink flow, for notification of the det ected congestion and

20  The control node 340 is further provided with a congestion notifier 346 which receives an
indication of the selected bearer from the bearer selector 347. The congestion notifier 346 is
configured to notify the detected congestion in the flow associated with the selected bearer
as indicated by the bearer selector 347. This may be accomplished by dropping one or more
data packets of the flow associated with the selected bearer, e.g. from a corresponding

25 queue 341 in the control node 340 or by marking one or more data packets of the flow
associated with the selected bearer with a congestion indication, e.g. by setting an ECN flag.

In the following, the handling of congestions in downlink flows in the implementation of Fig. 4
will be further explained by referring to exemplary scenarios involving two downlink flows,
30 referred to as first downlink flow and second downlink flow. When referring to the exemplary
mobile communication network environment of Fig. 4 , the first downlink flow could extend
from the end device 110 to the UE 210, and the second downlink flow could extend from the
end device 120 to the UE 220. However, it is to be understood that this is merely an
illustrative example and that the first downlink flow and the second downlink flow could be
35 any types of downlink flows, which are co-transmitted from the control node 340 to the radio
access node 380 via the transport network 360. It is further assumed that the first downlink
flow has a higher priority than the second downlink flow. For example, as mentioned above,
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According to the concepts as described above, the control node 340 and/or
the radi o access 30 node 380 may operate with a fixed sending rate, e.g.

t he maxi muonpogodsie sending rate. Conpl ex fl ow control porEpPess®ss3ROr
adjusting the sending rates in these 320des are thus avoided. Rather, a flow
control reaction may be initiated in the source endpoint of the end-toend
protocol in order to achieve the desired throughput or relative bit rates
on all flows. 35Fig. 5 further illustrates an exenplary inplenentation of
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selected bearer to the congestion notifier 389.

The congestion notifier 389 notifies congestion in the uplink flow associated with the selected
25  bearer, ie. in the first uplink flow. Depending on the implementation of the end-to-end
protocol, this may be accomplished by dropping one or more data packets of the first uplink
flow and/or by including a congestion indication, e.g. an ECN, into one or more data packets
of the first uplink flow. When accomplishing the notification by dropping one or more data
packets, the source endpoint of the first uplink flow may become aware of the congestion
30 due to a failure to receive acknowledgement packets for the dropped data packets. When
accomplishing the notification by including a congestion indication into one or more data
packets, the source endpoint of the first uplink flow may become aware of the congestion
due to receiving acknowledgement packets which reflect the congestion indication. The
source endpoint of the first uplink flow may react to the congestion by reducing the sending
35 rate of the first uplink flow.
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notification by |nclud|ng a congestion indication into one or more data packets, the source
endpoint of the second uplink flow may become aware of the congestion due to receiving
acknowledgement packets which reflect the congestion indication. The source endpoint of

25 the second uplink flow may react to the congestion by reducing the sending rate of the
second flow. In the transport network, this at the same time makes additional resources
available for transmitting data packets of the first uplink flow.

According to the concepts as described above, the control node 340 and/or the radio access

30 node 380 may operate with a fixed sending rate, e.g. the maximum possible sending rate.
Complex flow control processes for adjusting the sending rates in these nodes are thus
avoided. Rather, a flow control reaction may be initiated in the source endpoint of the end-to-
end protocol in order to achieve the desired throughput or relative bit rates on all flows.

35  Fig. 5 further illustrates an exemplary implementation of the control node 340. As explained
above, the control node 340 is implemented as an S-GW to be used in a UTRAN according
to the 3GPP technical specifications.
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It is to be understood that the structure as illustrated in Fig. 5 is merely schematic and that
the control node 340 may actually include further components which, for the sake of clarity,
have not been illustrated, e.g. physical link layer interface structures. Also, it is to be
25 understood that the memory 350 may include further types of program code modules, which
have not been illustrated, e.g. program code modules for implementing known functionalities
of an S-GW in a E-UTRAN according to the 3GPP technical specifications.

Fig. 6 further illustrates an exemplary implementation of the radio access node 380. As
30 explained above, the radio access node 380 is implemented as a eNodeB to be used in a E-
UTRAN according to the 3GPP technical specifications.

The radio access node 380 includes a control node interface 382, which has the purpose of
coupling the radio access node 380 via the transport network 360 to the control node 340,
35 i.e. S-GW, which may be implemented as the S1 interface according to the 3GPP technical
specifications, and a radio interface 384, for coupling to one or more UEs via the radio link
260. In the illustrated example of a eNodeB in a E-UTRAN according to the 3GPP technical



i nvention. The nmethod may be used in the downlink inplenentation of Fig. 1B
for detecting and reporting congestions by the radi o access node 180. At
step 810,wdava/nesshkets are received froma transport nepew/EP2010/084386 he
transport network 25 160 as expl ainedsin connection with Fig. 1B. In
particul ar, the data packets nmay be received in a radi o access node, e.g.
the radi o access node 180 as explained in connection with Figs. 1B and 3.
For this purpose, a corresponding interface of the radi o access node may be
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may also be used to implement the queues 381 as illustrated in Fig. 4.

It is to be understood that the structure as illustrated in Fig. 6 is merely schematic and that
20  the control node 380 may actually include further components which, for the sake of clarity,
have not been illustrated, e.g. physical link layer interface structures. Also, it is to be
understood that the memory 390 may include further types of program code modules, which
have not been illustrated, e.g. program code modules for implementing known functionalities
of an eNodeB in a E-UTRAN according to the 3GPP technical specifications.
25
Fig. 7 shows a flowchart illustrating a method according to an embodiment of the invention.
The method may be used for congestion handling in the above-described control nodes 140,
340 or radio access nodes 180, 380.

30 Atstep 710, data packets of a flow associated with a first bearer and data packets of a flow
associated with a second bearer are received in an intermediate node, e.g. the control node
140, the radio access node 180, the control node 340, or the radio access node 380. For this
purpose, a corresponding interface of the control node may be used, e.g. one of the
interfaces 142, 144, 182, 184, 342, 344, 382, 384 as described in connection with Figs. 2, 3,
35 5oré6.



15 Accordingly, in sonme enbodi nents the concepts as described herein

i nvol ve that a congestion is detected in one node, i.e. in the radio access
node 180,wbubii@2omsponse to the congestion is caused i npammrbew/psde, €. d.
the control node 140. This may be berssficial since the other node may have
access to other protocol levels than the node actually 20 detecting the
congestion. For exanple, it may becone possible to distinguish between
different flows of an end-to-end protocol. Further, in sonme enbodi nents, a
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20  Fig. 8 shows a flowchart illustrating a further method according to an embodiment of the
invention. The method may be used in the downlink implementation of Fig. 1B for detecting
and reporting congestions by the radio access node 180.

At step 810, data packets are received from a transport network, e.g. the transport network

25 160 as explained in connection with Fig. 1B. In particular, the data packets may be received
in a radio access node, e.g. the radio access node 180 as explained in connection with Figs.
1B and 3. For this purpose, a corresponding interface of the radio access node may be used,
e.g. the interface 182 as explained in connection with Fig. 3.

30 At step 820, the data packets of the first flow and the data packets of the second flow are
transmitted on a radio link, e.g. the radio link 250 as explained in connection with Fig. 1B.

At step 830, a congestion on the radio link or in the transport network is detected. This may
be accomplished by the congestion detectors 186 and 187 as explained in connection with
35 Fig. 1B. Detecting the congestion being on the radio link may involve detecting the
congestion on the basis of a queuing parameter, e.g. a fill level and/or a queuing delay, of a
gueue to which the data packets are assigned in the radio access node before being



Clains 1. A nethod, conprising: receiving, in an internedi ate node (140;
180; 340; 380), data packets of a flow associated 5with a first bearer and
dat a packebonfi2essfil ow associated with a second bearer; pcrapseiosizsg, from
the internedi ate node (140; 180; 340;37380), the data packets of the flow
associated wth the first bearer and the data packets of the flow
associated with the second bearer; and I n response to a congestion
bei ng detected on the first bearer, selecting at |east one of the 10first
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(140), %ﬁmgﬁstlon nmessage indicating the type of the detected congesti on.
4. The met ‘according to any one of the preceding clains, conprising:
20recé|V|ng in the internedi ate node (140), a congestion nessage
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I ndi cating the sel ected 250ne of the first bearer and the second bearer.

At step 850, a second type of congestion message is generated in response to a congestion
10 in the transport network, e.g. message B as explained in connection with Fig. 1B.

The first and second types of congestion messages may then be transmitted to another
node, e.g. the intermediate node in the method of Fig. 7, so as to accomplish bearer
selection in response to different types of detected congestion.

15
Accordingly, in some embodiments the concepts as described herein involve that a
congestion is detected in one node, i.e. in the radio access node 180, but a response to the
congestion is caused in another node, e.g. the control node 140. This may be beneficial
since the other node may have access to other protocol levels than the node actually

20 detecting the congestion. For example, it may become possible to distinguish between
different flows of an end-to-end protocol. Further, in some embodiments, a congestion
detected with respect to one flow or bearer produces a flow control reaction, e.g. congestion
notification or dropping of a packet, with respect to another flow or bearer. This may be
beneficial, e.g., if one flow or bearer is related to a service or user having a higher priority

25 than the other. Further, in some embodiments different types of congestion messages are
used to report a congestion on a radio link and a congestion in a transport network. A remote
flow control reaction may thus be adapted to the type of detected congestion.

It is to be understood that the examples and embodiments as explained above are merely
30 illustrative and susceptible to various modifications. For example, the concepts could be
used in other types of network environment, including wired communication networks, or
using different types of protocols. Moreover, it is to be understood that the concepts as
described herein for downlink flows and uplink flows may be used together in a single
network, or may be used separately. Morevoer, the HSPA implementations of Figs. 1A, 1B,
35 1C, 2 and 3 may be combined with the LTE implementation of Fig. 4 in the same mobile
communication network. In such embodiments, the same transport network may be shared
for providing a connection between the RNC and the NodeB, and for providing a connection



6. The nethod according to any one of the preceding clains, wherein the
first bearer and the second bearer extend via a transport network (160;
360) ; andwdwhenessn t he net hod conprises: deternining appmiEpétywsatot he
first bearer and the second bearer; asd in response to the detected
congestion being in the transport network (160; 360), selecting at |east
one of the first bearer and the second bearer according to the determ ned
priorities. 357. The nmethod according to claim6, conprising: determning
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one data packet of the flow associated with the first bearer, which was
marked with a congestion



10indicator in the transport network (160; 360). 10. The nethod accordi ng
to any one of the preceding clains, wherein the first bearer and the second
bearer exwendiwizessa radi o |ink (250; 260); and wherein trhe/predlos:3so
conprises: 15in response to the detectved congestion being on the radio |ink
(250; 260), selecting the first bearer for notification of the congestion
In the associated flow. 11. The nethod according to claim10, conprising:
detecting the congestion being on the radio link (250; 260) by nonitoring
at | east gpms20queui ng paraneter of a queue (181; 381) storing the data
packets of the flow associated with the first bearer, which are to be
transmtted on the radio link (250; 260). 12. The nethod according to
clai m 11,1. A methotversrisinghe at | east one queui ng paraneter conprises a fil
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bearer; and
in response to a congestion being detected on the first bearer, selecting at least one of the
10  first bearer and the second bearer for notification of the congestion in the associated flow.

2. The method according to claim 1,
wherein said selecting depends on a type of the detected congestion.

15 3. The method according to claim 2, comprising:
receiving, in the intermediate node (140), a congestion message indicating the type of the
detected congestion.

4. The method according to any one of the preceding claims, comprising:
20  receiving, in the intermediate node (140), a congestion message indicating the selected one
of the first bearer and the second bearer.

5. The method according to any one of claims 1 to 3, comprising:
transmitting, from the intermediate node (180), a congestion message indicating the selected
25  one of the first bearer and the second bearer.

6. The method according to any one of the preceding claims,
wherein the first bearer and the second bearer extend via a transport network (160; 360);
and

30  wherein the method comprises:
determining a priority of the first bearer and the second bearer; and
in response to the detected congestion being in the transport network (160; 360), selecting at
least one of the first bearer and the second bearer according to the determined priorities.

35 7. The method according to claim 6, comprising:
determining the priorities on the basis of a relative bitrate of the first bearer and a relative
bitrate of the second bearer.



notifying the congestion by marking at |east one data packet of the flow
associated wth the selected one of the first bearer and the second bearer.
3515. A mwohodyi26s31pri si ng: receiving data packets frompariEran®pss3so net wor k
(160); transmtting the data packets ##n a radio link (250); WD

2011/ 120581PCT/ EP2010/ 054380 41 detecting a congestion in the transport
network (160) or on the radio link (250); in response to the detected
congestion being on the radio link (250), generating a first type of

congestion nessage and in response to the detected congestion being in
t he tranipgﬁt % Q) Fﬁﬁ a ssecond type of congestion
message. © & ”ﬂ?%S conprising: detecting the
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15 or516,from]ﬂaeénansmmteneatwowe(a@@) one queui ng paraneter conprises a fill |evel
of the queue (181) and/or a queuing delay of the queue (181). 1518. The
met hod according to any one of clains 15 to 17, conprising: detecting the
congesti &nT P%”te%@dﬁ(‘&ﬁ@mt? 2% OB Ok Clpiiish tofy CaBPESINgIng at | east one data

packet Ofdetd&ﬁn@ﬂﬂar@fngemncﬁ'ew@m tR@trafsisFEssivaid (1 60.£3688) W9 dietdcling bhRast one
transport data pe\qM%e%(of t%e 92)W associated with the first bearer, which was marked with a congestion
10 indicator in the transport network (160; 360).

10. The method according to any one of the preceding claims,
wherein the first bearer and the second bearer extend via a radio link (250; 260); and
wherein the method comprises:

15 in response to the detected congestion being on the radio link (250; 260), selecting the first
bearer for notification of the congestion in the associated flow.

11. The method according to claim 10, comprising:

detecting the congestion being on the radio link (250; 260) by monitoring at least one
20  queuing parameter of a queue (181; 381) storing the data packets of the flow associated with

the first bearer, which are to be transmitted on the radio link (250; 260).

12. The method according to claim 11,
wherein the at least one queuing parameter comprises a fill level of the queue (181; 381) or a
25  queuing delay of the queue (181; 381).

13. The method according to any one of the preceding claims, comprising:
notifying the detected congestion by dropping at least one data packet of the flow associated
with the selected one of the first bearer and the second bearer.

30
14. The method according to any one of the preceding claims, comprising:
notifying the congestion by marking at least one data packet of the flow associated with the
selected one of the first bearer and the second bearer.

35 15. A method, comprising:
receiving data packets from a transport network (160);
transmitting the data packets on a radio link (250);



19. The method according to any one of clains 15 to 18, 20detecting the
congestion in the transport network (160) by detecting at | east one data
packet ofwoheriimeaesser, which was marked with a congesti orcirnmpredlosssse n t he
transport network (160). 20. A netword conponent (140; 180; 340; 380),
conpri si ng: a first interface (142; 144; 182; 184; 342; 344; 382; 384)
configured to receive data packets 250f a flow associated with a first
bearer and data packets of a flow associated with a second bearer; a second

i nt er f acgjefetfing a t8AgestiSRin tﬂag‘ﬂran% ne%ﬁérk 3@(%1or%84ﬂe l‘%aQHUHrﬂIL{Q&g to transnmit

t he data . packets of the flow as earer angd the d
backers. o eenana B dSeed et oh bbia ob sl ok G50). Gei g st Upe of
sel ect or cpidektiod &ssagmbhgured to select, in response to a congest i on bei ng

det ect ed 0. 4364 1d 8 BABLEL coRleiBABLIANG B tahehdd hSlvoRERkR! ARG o

second béar el |ca c ngestionimn e as
21. The ﬁecmtkp@ohmgeﬁtonan@'ma%ng to claim20, 35wherein the net wor k
conmponent is configured to performa nmethod according to any one of clains

1to 14. WD 2011/120581PCT/ EP2010/ 054380 42 22. A network conponent (180),
conpr i si 1§: The method according to claim 15, comprising:

detecting the congestion on the radio link (250) by monitoring at least one queuing parameter

of a queue (181) storing the data packets, which are to be transmitted on the radio link (250).
10

17. The method according to claim 15 or 16,

wherein the at least one queuing parameter comprises a fill level of the queue (181) and/or a

queuing delay of the queue (181).

15  18. The method according to any one of claims 15 to 17, comprising:
detecting the congestion in the transport network (160) by detecting at least one data packet
of the bearer, which was not successfully received from the transport network (160).

19. The method according to any one of claims 15 to 18,
20  detecting the congestion in the transport network (160) by detecting at least one data packet
of the bearer, which was marked with a congestion indicator in the transport network (160).

20. A network component (140; 180; 340; 380), comprising:
a first interface (142; 144; 182; 184; 342; 344; 382; 384) configured to receive data packets
25  of a flow associated with a first bearer and data packets of a flow associated with a second
bearer;
a second interface (142; 144; 182; 184; 342; 344; 382; 384) configured to transmit the data
packets of the flow associated with the first bearer and the data packets of the flow
associated with the second bearer; and
30 a bearer selector (147; 188) configured to select, in response to a congestion being detected
on the first bearer, at least one of the first bearer and the second bearer for notification of the
congestion in the associated flow.

21. The network component according to claim 20,
35  wherein the network component is configured to perform a method according to any one of
claims 1 to 14.



a first interface (182) configured to receive data packets of froma
transport network (160); a second interface (184) configured to transmt
t he data weckatosn a radio |ink (250); a first congest ipom/rbed©o54380 ( 186)
configured to detect a congestion on 4£he radio |ink (250); 5a second
congestion detector (187) configured to detect a congestion in the
transport network (160); and a congestion nessage generator (189)
configured to generate a first type of congestion nessage in response to

t he cong@tAQ@tmkbaﬂpér@éﬂﬂ@dol)r&én{p%gm detected by the first congestion

det ect or 6 enerate a secon es ion rres
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met hod accor 0 an
5 a second congestion detector (187) conflgured to detect a congestion in the transport

network (160); and

a congestion message generator (189) configured to generate a first type of congestion

message in response to the congestion on the radio link (250) detected by the first

congestion detector (186) an to generate a second type of congestion message in response
10  to the congestion in the transport network (160) detected by the second congestion detector

(187).

23. The network component according to claim 22,
wherein the network component is configured to perform a method according to any one of
15  claims 1510 19.



