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(57) ABSTRACT 

The invention discloses a method for providing Services 
with guaranteed Quality of Service (QoS) in an IP access 
network. In this method, when the network control layer 
applies for network resources to the acceSS network as 
response to the Service request of needing guaranteed QoS, 
the edge router determines whether the access network can 
provide enough resources for the Service. If there are enough 
resources, the edge router Sends QoS parameters to the 
acceSS network end devices which make QoS control to get 
a guaranteed QoS. 
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METHOD FOR PROVIDING SERVICES WITH 
GUARANTEED QUALITY OF SERVICE IN IP 

ACCESS NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of Chinese 
Patent Application No. 03106929.0 filed Feb. 26, 2003. The 
disclosure of the above application is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to network access 
technology, more particularly to a method for providing 
services with guaranteed Quality of Service (QoS) in an 
Internet Protocol (IP) access network. 

BACKGROUND OF THE INVENTION 

0003. At present, IP network of telecommunication ser 
Vice provider can only provide data Services as possible. 
Along with the number of broadband network Subscribers 
increases, the Service requirements on IP network are getting 
more, such as Voice over IP (VoIP) and videoconference etc. 
These real-time Services have Strict requirements for QoS. 
0004 As shown in FIG. 1, a whole IP network consists 
of access/edge layers and a backbone layer. The acceSS/edge 
layer involving the network devices that are closest to the 
Subscribers generally consists of low end Switches, Such as 
Layer 2 and Layer 3 Switches, a Digital Subscriber Line 
Access Multiplexer (DSLAM) and an edge router. Subscrib 
ers of a broadband IP network of a telecommunication 
Service provider or a company can access to the broadband 
access network through various ways such as XDSL/Ether 
net etc. The broadband access network collects all traffic 
Streams to the edge router connected to the backbone 
network. The edge router is responsible to route and forward 
traffic Streams in this acceSS network and manage accessed 
Subscriber. 

0005. In IP network, in order to provide an end-to-end 
QoS for service requirements of subscribers, such as VoIP or 
Video-telephone etc., it is necessary to provide end-to-end 
guaranteed QoS not only in IP backbone network, but also 
in access network. 

0006 Due to design ideas, in general there is no means 
for guaranteed QoS in prior IP network. In order to adapt the 
development of network applications, various methods for 
guaranteeing QoS have been proposed, including integrated 
Service model and differentiated Service model. But these 
methods relate to network layer technology and cannot be 
used for acceSS network because the devices in acceSS 
network are mainly located in link layer. 
0007. At present, there are two methods for providing an 
end-to-end guaranteed QoS for IP access network. 
0008. In the first prior method, a concept about priority of 
Ethernet frame is defined in IEEE Standard 802.1p protocol 
for Ethernet environment. In general, there is no priority 
definition for ordinary Ethernet frames, but in the 802.1p as 
well as the 802.1q, four bytes are added in an Ethernet 
frame. Three bits among the four bytes are used to represent 
priority of the Ethernet frame. During Sending the data 
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packets which are required very high real-time ability, the 
host or Switch will set the three added bits in MAC frame 
header to Show the frame has high priority. In this way, when 
there is heavy data traffic at Ethernet Switch, data packets 
with high priority will be forwarded first. FIG. 2 shows a 
general Ethernet frame format, and FIG. 3 shows an Eth 
ernet frame format defined by 802.1q and 802.1p protocols. 
As shown in FIG. 2 and FIG. 3, the TCI, P., C and VLAN 
fields are newly added in general Ethernet frame. Among 
these fields, the P field uses three bits to represent priority 
which can be set at 8 levels with 0-7. 

0009. In prior 802.1p protocol used for access network, 
the priority represented with three bits of P field is set based 
on port, Media Access Control (MAC) address or Virtual 
Bridged LANs (VLAN) information. The access network 
devices then make dispatching and forwarding operations 
according to the priority information. 
0010 Although the priority information can be set based 
on port, MAC address or VLAN information in the QoS 
process in prior 802.1 p, the priority can only be associated 
with a Subscriber and cannot with a specific Service of a 
subscriber. Therefore, the requirement that different services 
should have different priorities cannot be satisfied. Besides, 
the network topology and resources cannot be obtained in 
this method, So it is impossible to determine whether a 
guaranteed QoS can be provided for a Subscriber Service 
based on the network resources. 

0011. At present, there is no QoS control mode for ATM 
DSLAM. In the second prior method, for a few ATM 
DSLAMs provided guaranteed QoS, a Permanent Virtual 
Circuit (PVC) from the Remote Terminal Unit (RTU) to the 
Broadband Access Server (BAS) for a special subscriber is 
established, or a PVC from the DSLAM to the BAS but tied 
with the user port is established. In this way, traffic streams 
can be transmitted with Constant Bit Rate (CBR) mode. 
Since a single subscriber uses the whole broadband, the QoS 
for Subscriber Service can be guaranteed at this segment of 
acceSS network 

0012. The mode that a single subscriber uses the whole 
broadband is similar to the mode of a leased line. Although 
this mode can ensure QoS at a certain Segment of access 
network for the Subscriber, it is not Suitable for being spread 
in acceSS network with convergence characteristic and it can 
only provide guaranteed QoS for a few special Subscribers. 
The mode of establishing PVC cannot make the network 
Sources be shared. Accordingly, this method can only be 
used for Special applications and cannot be commonly used 
in access network. 

SUMMARY OF THE INVENTION 

0013 An object of the invention is to provide a method 
for providing Services with guaranteed QoS in an access 
network. 

0014. The method according to the invention comprises 
the following Steps: 

0015 a. a service entity at the network service 
control layer obtaining the addresses of the calling 
Subscriber and the called Subscriber and QoS 
requirement for the Service through analyzing the 
Service request, then applying for network resources 
to corresponding acceSS network of the IP access 
network; 
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0016 b. the edge router of said access network 
determining whether enough resources can be pro 
Vided for this Service according to the current 
resource condition, if So, executing Step c, otherwise 
rejecting the Service request of the Subscriber; and 

0017 c. if there are upward traffic streams of the 
access network in this Service, Said edge router 
informing an access network end device of the QoS 
requirement for the Service, the access network end 
device processing Said traffic Streams according to 
the QoS requirement; 

0018) If there are downward traffic streams of the 
access network in this Service, Said edge router 
Setting priority in access network for this Service and 
forwarding Said traffic streams. 

0019. In this invention, the edge router can manage 
resources of an acceSS network, and inform the acceSS 
network end devices of the QoS requirement of the service, 
and then let the end devices make Stream classification 
operations and QoS processes. When there are no enough 
resources for the Service, the Service request will be refused. 
In this way, the QoS of the working traffic streams can be 
guaranteed. The combination of the method according to the 
invention and the method for providing services with QoS in 
backbone network can provide end-to-end Services with 
guaranteed QoS all over the network. The invention over 
comes the disadvantages that the access network devices 
cannot identify Services and cannot obtain the information 
about resources and manage resources So that QoS cannot be 
guaranteed in the prior art. 

0020) Further areas of applicability of the present inven 
tion will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and Specific examples, while indicating 
the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit the 
Scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The present invention will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 

0022 FIG. 1 shows the architecture of an IP network. 
0023 FIG. 2 is a schematic diagram illustrating the 
format of a general Ethernet frame. 
0024 FIG. 3 is a schematic diagram illustrating the 
format of an Ethernet frame defined by 802.1q and 802.1p 
protocols. 

0.025 FIG. 4 is a flowchart diagram of the invention. 
0026 FIG. 5 shows the architecture of the IP network 
according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0027. The following description of the preferred embodi 
ment(s) is merely exemplary in nature and is in no way 
intended to limit the invention, its application, or uses. 
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0028 Referring to FIG. 1, the prior networking mode for 
acceSS network is not changed in the invention. A whole IP 
network consists of access/edge layers and a backbone layer. 
The acceSS/edge layer involving the network devices that are 
closest to the Subscribers generally consists of low end 
Switches, such as Layer 2 and Layer 3 Switches, a DSLAM 
and an edge router. Subscribers of an IP network of a 
telecommunication Service provider or a company can 
access to the IP access network through various ways Such 
as XDSL/Ethernet etc. The IP access network collects all 
traffic Streams to the edge router connected to the backbone 
network. The edge router is responsible to route and forward 
traffic Streams in this acceSS network and manage accessed 
Subscriber. An IP acceSS network consists of multiple access 
networkS logically, and each Subscriber is managed by one 
of the acceSS networks. The router of each access network is 
responsible for resource management and QoS control for 
acceSS network in this acceSS network. After traffic Streams 
leave the access network, the IP backbone network is 
responsible for providing guaranteed QoS for the traffic 
StreamS. 

0029. An access network is defined as an access network 
area managed by an edge router. All Subscribers in the access 
network area can access to the backbone network through 
the edge router. In term of function, acceSS network devices 
in an acceSS network can be divided into three types. The 
first type is edge routers, Such as edge routers R1 and R2. AS 
output devices of the acceSS network, the edge routers are 
used to connect the access network and the backbone 
network. Meanwhile, they are the first IP hops for a user to 
acceSS Internet. The Second type is end devices of the access 
network which are the devices closest to the Subscribers, 
Such as DSLAM for XDSL access and L2 Switch for LAN 
access. The devices of the third type are the network devices 
located between the devices of the first type and those of the 
Second type. In practice, there can be the devices of the third 
type in the network or not. For XDSL, there may be no 
devices of the third type, and for LAN access, the devices of 
the third type are usually Switches L2 and L3. For example, 
the acceSS network area 1 is managed and connected to the 
backbone network through edge router R1, the subscriber 1 
of access network 1 can access to the edge router R1 through 
Switch L2-1 etc. 

0030. In this invention, the access network end devices 
should have the ability of accepting and processing QoS 
commands from the edge router and the ability of classifying 
traffic Streams. Here, the acceSS network end devices refer to 
the network devices at layer 2 or higher layer in access 
network which are the most closed to Subscribers. Mean 
while, it is necessary for the end devices to identify traffic 
Streams according to QoS parameters, to manage bandwidth 
and Set priority. 
0031. As shown in FIG. 4, the method according to the 
invention comprises the following StepS. 

0032. In step A, the service entity at the network service 
control layer analyzes the Service request with QoS require 
ment to obtain the addresses of the calling Subscriber and the 
called Subscriber and QoS parameters about this Service, 
then applies to the corresponding access network of the IP 
acceSS network for network resources. 

0033. If a subscriber in an access network wants to use a 
service with guaranteed QoS, such as VoIP call and video 
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telephone call etc., the Subscriber needs to Submit a request 
to corresponding Service entity. When the request has been 
received, the Service entity judges the Service rights of the 
Subscriber and makes address analysis of the calling Sub 
scriber and the called subscriber. Then the service entity 
determines QoS parameters for this conversion, Such as 
bandwidth etc., and applies for the necessary network 
resources to the edge router. The method of applying for 
network resources to edge router can be direct or indirect, 
Such as through policy Server, resource controller etc. The 
interface protocol used for resource application can be either 
an internal interface protocol or an open interface protocol 
depending upon the implementing method of providing 
guaranteed QoS in the backbone network. 
0034. The QoS parameters sent to the edge router from 
the service entity include, but not be limited to, bandwidth, 
directions of the traffic Streams and parameters for identi 
fying the traffic Streams. The directions of Service Streams 
can be unidirectional (upward or downward) or bi-direc 
tional. According to the application environment, the param 
eters for identifying the traffic Streams can be a five-element 
group (Source/destination IP addresses, Source/destination 
port numbers and protocol number), a four-element group 
(Source/destination IP addresses, destination port number 
and protocol number) or a Seven-element group. 
0035) In step B, the edge router of the access network 
judges whether the acceSS network has the ability of pro 
Viding enough resources for this Service; if So, Step C is 
executed, otherwise the edge router asks the network service 
control layer to reject the Service request of the Subscriber. 
0.036 Having pre-planed resources and topology struc 
ture of the acceSS network, the edge router obtains the 
information about network topology Structure and band 
width resources of each interface through Static configura 
tion or dynamic management protocol, and records the tying 
relationship between the Subscriber identifier, such as IP 
address, allocated inside the access network and the end 
device of the access network. The bandwidth resource refers 
to the bandwidth of the Ethernet links for Ethernet and IP 
DSALM access mode, and refers to the bandwidth from 
DSLAM to BAS for ATM DSLAM access mode. 

0037 After receiving a resource request for the service, 
the edge router computes the bandwidth between the end 
devices of the access network and the edge router according 
to the relevant parameters of the Service request. If there are 
no enough resources in the acceSS network, the edge router 
will notify corresponding Service entity to reject the Service 
request. In contrast, if there are enough resources, the 
information will be sent back to corresponding Service 
entity. After receiving the confirmation information from 
this Service entity, the edge router will make corresponding 
processing according to the directions of traffic Streams. 
0.038. In step C, if the service has upward traffic streams 
in the acceSS network, the edge router will inform the end 
devices of access network of the QoS parameters of the 
traffic Streams, and the end devices will process the traffic 
Streams based on the QoS parameters. If the Service has 
downward traffic Streams in the access network, the edge 
router will define priorities of the traffic Streams in the acceSS 
network and forward the traffic streams. 

0039. In detail, the edge router of the access network will 
make the following processes for traffic Streams based on 
their directions. 
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0040 For upward service streams, the edge router sends 
QoS commands involving QoS parameters to corresponding 
acceSS network end devices in the access network through 
management protocol, and asks the acceSS network end 
devices to process the traffic streams based on the QoS 
parameters. The QoS commands Sent to the access network 
end devices include bandwidth and parameters for identify 
ing traffic Streams. According to the application environ 
ment, the parameters for identifying the traffic Streams can 
be a five-element group (Source/destination IP addresses, 
Source/destination port numbers and protocol number), a 
four-element group (Source/destination IP addresses, desti 
nation port number and protocol number) or a Seven-element 
group. After having received the QoS parameters of traffic 
Streams, the access network end devices Set the items of 
Stream classification table based on the parameters for 
identifying the traffic Streams, implement Stream classifica 
tion for the upward traffic streams of subscriber, and then 
make corresponding processes based on the Stream classi 
fication result. For the service streams that are matched with 
the Stream classification table, the bandwidth management, 
Such as bandwidth limitation, is processed according to 
bandwidth parameters. During forwarding the traffic Streams 
for Ethernet access or IPDSLAM access, the packets are set 
with high priorities first and forwarded then. During for 
warding the traffic streams for ATM DSLAM access, the 
service streams are sent on PVC with guaranteed QoS for 
further forwarding. In this way, since bandwidth of the PVC 
with guaranteed QoS is allocated according to the Stream 
classification result, the bandwidth can be shared according 
to traffic streams of Subscribers, which overcomes the dis 
advantage of the prior method that a single Subscriber uses 
the whole bandwidth for guaranteeing QoS with CBR mode. 
The traffic streams that are not matched with the stream 
classification table will be processed as traffic Streams with 
out guaranteed QoS. During forwarding the traffic Streams 
without guaranteed QoS for Ethernet access or IP DSLAM 
access, the packets are Set with low priorities first and then 
forwarded, and for ATM DSLAM access, the traffic streams 
are sent to PVC with UBR mode for further forwarding. 

0041. For downward traffic streams, the edge router 
doesn’t need to Send relevant commands to acceSS network 
end devices. If the priorities of the traffic streams can be 
determined trough the backbone network or the traffic 
Streams themselves, the received traffic Streams are Set 
priorities in access network according to Service levels of the 
traffic streams directly, and then forwarded. Otherwise, the 
edge router makes Stream classification first, and then for 
warding the traffic Streams based on the priorities in acceSS 
network after identifying traffic Streams. 

0042. For the traffic streams with upward and downward 
directions, the edge router processes the traffic Streams 
according to the processing of upward direction and that of 
downward direction respectively. 

0043. If the originator and the receiver are subscriber of 
the same access network, the Service procedure is imple 
mented Separately according to the above-mentioned proce 
dures. 

0044 Before receiving QoS commands from the edge 
router, access end devices deal with traffic Streams from 
Subscribers as a Service without guaranteed QoS. That is, the 
access end devices forward the packets after Setting low 
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priorities to them first. For ATM DSLAM access, service 
streams are sent to PVC with UBR mode for further for 
warding. 

004.5 The devices of the third type located between the 
edge router and access end devices only forward IP packets 
according to their Service levels. 

0046. After the subscriber terminates the service, if there 
are upward traffic Streams, the access network end devices 
will receive QoS release commands from the edge router, 
and then cancel corresponding items of the Stream classifi 
cation table. 

0047. As shown in FIG. 5, the subscriber 1 in access 
network 1 wants to Send traffic Streams with guaranteed QoS 
to the Subscriber 2 in access network 2. First, the Subscriber 
1 Sends out a Service request, after analyzing the addresses 
of the SubscriberS 1 and 2, i.e., the addresses of the calling 
and called Subscribers, and relevant QoS parameters, the 
Service entity at network control layer applies for network 
resources from the acceSS networkS 1 and 2 for the Service. 
The edge routers R1 and R2 determine whether enough 
resources can be provided for the Service according the 
current resource Situation of the acceSS networks 1 and 2 
respectively. If both the acceSS networks 1 and 2 can provide 
enough resources, the edge routers R1 and R2 return the 
information to the Service entities. After receiving confir 
mation messages from the Service entities, the edge router 
R1 of the access network 1 sends QoS commands involving 
QoS parameters to the end device L2-1. According to the 
QoS parameters, the end device L2-1 sets items of Stream 
classification table to making Stream classification opera 
tions for the upward traffic streams of the subscriber 1, and 
matches the results of Stream classification operations with 
the items of the stream classification table. The traffic 
Streams matched with the items are managed and forwarded 
according to the bandwidth parameters. The unmatched 
traffic Streams are processed as traffic Streams without guar 
anteed QoS. At the same time, for the downward traffic 
Streams, if their priorities can be obtained through methods 
for backbone network or traffic Streams themselves, the edge 
router R2 of the access network 2 transforms the service 
levels of the traffic streams forwarded from the backbone 
network to priorities used in the acceSS network without 
Sending relevant commands to acceSS network end devices, 
and then forwards the traffic streams to the end device L2-2 
from which the Subscriber 2 can receive the traffic streams. 
Otherwise, the edge router R2 makes Stream classification 
operations first, and then forwards the traffic Streams to the 
end device L2-2 from which the Subscriber 2 can receive the 
traffic Streams after identifying the traffic Streams. 
0.048 If the access network 1 or 2 cannot provide enough 
resources for the Service, the corresponding edge router will 
notify the Service entities to refuse the Service request of 
Subscriber 1. 

0049. If the traffic streams between subscribers 1 and 2 
are bi-directional, it is necessary for the edge routers R1 and 
R2 not only to send QoS commands to the end devices L2-1 
and L2-2 respectively, but also to forward the Service 
Streams received from the backbone network. 

0050. It can be seen from above that services with 
guaranteed QoS can be provided on a broadband acceSS 
network with the method according to the invention. The 
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end-to-end Services with guaranteed QoS can be provided 
through the combination of the scheme for IP backbone 
network and the method according to the invention. 
0051. The description of the invention is merely exem 
plary in nature and, thus, variations that do not depart from 
the gist of the invention are intended to be within the Scope 
of the invention. Such variations are not to be regarded as a 
departure from the Spirit and Scope of the invention. 
What is claimed is: 

1. A method for providing Services with guaranteed Qual 
ity of Service (QoS) in an IP access network, comprising: 

a. a Service entity at the network Service control layer 
obtaining the addresses of the calling Subscriber and the 
called subscriber and QoS requirement for the service 
through analyzing the Service request, then applying for 
network resources to corresponding access network; 

b. the edge router of Said access network judging whether 
enough resources can be provided for this Service 
according to the current resource condition, if So, 
executing Step c, otherwise rejecting the Service request 
of the Subscriber; and 

c. if there are upward traffic Streams of the acceSS network 
in this Service, Said edge router informing an access 
network end device of the QoS requirement for the 
Service, the access network end device processing Said 
traffic Streams according to the QoS requirement; 

if there are downward traffic streams of the access net 
work in this Service, Said edge router Setting priority in 
acceSS network for this Service and forwarding Said 
traffic Streams. 

2. The method according to claim 1, wherein in Step c, 
Said edge router can transform the Service levels into pri 
orities in the access network for the received Service Streams 
and forward Said traffic Streams, or can classify Streams first, 
after identifying the traffic streams, transform the identified 
results into priorities in the access network and forward the 
traffic Streams. 

3. The method according to claim 1, wherein Step c is 
executed after Said edge router has informed the Service 
entity at network Service control layer that the access 
network can provide enough resources for the Service and 
has received confirmation from the Service entity. 

4. The method according to claim 1, further comprising 
the Step of Said edge router obtaining at least topology 
Structure of the acceSS network and bandwidth resources of 
each interface through Static configuration or dynamic man 
agement protocol. 

5. The method according to claim 1, after the access 
network end device receives QoS requirement of the Service 
in Step c, the method further comprising: 

Setting items of a stream classification table according to 
the parameters for identifying traffic Streams in the QoS 
requirement; 

classifying the received upward traffic Streams of the 
Subscriber; and 

managing bandwidth according to bandwidth parameters 
for the service streams matched with the items of the 
Stream classification table, and processing the other 
Service Streams as traffic Streams without guaranteed 
OOS. 
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6. The method according to claim 5, wherein the step of 
forwarding the matched Service Streams by end devices is: 

Setting the Service Streams with high priorities and then 
forwarding the traffic streams for Ethernet access or IP 
Digital Subscriber Line Access Multiplexer (DSLAM) 
access, and 

sending the traffic streams to Permanent Virtual Circuit 
(PVC) with guaranteed QoS for further forwarding for 
ATM DSLAM acceSS. 

7. The method according to claim 5, wherein the param 
eters for identifying traffic Streams can be a four-element 
group, a five-element group or a Seven-element group. 

8. The method according to claim 1, further comprising: 
before receiving QoS parameters from the edge router of the 
access network for upward traffic Streams, the end devices 
processing the received traffic Streams from the Subscriber as 
Service Streams without guaranteed QoS. 

9. The method according to claim 1, wherein the network 
devices between Said access network end devices and Said 
edge router of the acceSS network forward the traffic Streams 
according to the priorities of the traffic streams. 
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10. The method according to claim 5, further comprising: 
after the Subscriber terminates the service, if there are 
upward traffic Streams, Said edge router Sending a QoS 
release command, the access network end devices deleting 
corresponding items of the Stream classification table 
according to the command parameters. 

11. The method according to claim 6, further comprising: 
after the Subscriber terminates the service, if there are 
upward traffic Streams, Said edge router Sending a QoS 
release command, the access network end devices deleting 
corresponding items of the Stream classification table 
according to the command parameters. 

12. The method according to claim 7, further comprising: 
after the Subscriber terminates the service, if there are 
upward traffic Streams, Said edge router Sending a QoS 
release command, the access network end devices deleting 
corresponding items of the Stream classification table 
according to the command parameters. 
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