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Abstract. In this paper, a simplified QoS scheme is proposed. The proposed 
scheme uses a Virtual Link which is a Label Switched Path (LSP) 
set connected from Ingress Label Egde router (LER) to Egress 
LER. LSPs of the virtual link must be managed dynamically 
according to network status. The traffic in the virtual link is 
distributed among LSPs to reduce service unbalancing by the flow. 
In this proposed model, Per-Hop-Behavior (PHB) is implemented 
in each LSP of ingress LER and Core LSRs just guarantee 
bandwidth. These features make it simple and easy to provide 
Quality of Service in MPLS network. The characteristics of the 
proposed scheme and the ffiTF scheme are compared logically and 
analyzed through simulations. 
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1. INTRODUCTION 
In the past several years, works on QoS enabled network, such as Differentiated 

Service (DiffServ), to provide growingmulti-class services and MultiProtocol Label 
Switching(MPLS) to improve the forwai"ding speed of routers led to several 
propositions in the IETF [1][2]. So far, however, these works have been considered 
independently for their own purposes. Recently IETF has presented supportlog 
Quality of Service using DiffServ over MPLS network [3][4]. 

There are some ways of supportlog QoS on a MPLS based backhone network. 
Two of them are using Traffic Engineering with explicit routing and DiffServ over 
MPLS. DiffServ over MPLS classifies packets into a small number of aggregated 
tlows or service classes only at an Ingress LER and applies PHB to tlow aggregates 
that have been appropriately marked at every router as a standard DiffServ [3]. That 
is an integrated model of DiffServ and MPLS network. To provide DiffServ in 
MPLS, Differentiated Services Code Point (DSCP) in IP header should be classified 
into MPLS Iabels. The Figure 1 shows this conventional model. 

Currently, two Iabel encoding schemes are proposed, which are E-LSP and L-LSP 
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mechanisms [2][5]. E-LSPs transport multiple Ordered Aggregates (OAs), so that 
the EXP field of the MPLS Shim Reader conveys to the Label-Switch Router(LSR) 
the PHB tobe applied to the packet including both information about the packet's 
scheduling treatment and its drop precedence. Rowever, it carries up to only eight 
behavior aggregates (BAs) on a LSP for a given Forward Equivalence Class (FEC). 
So, when more traffic needs to be accommodated, Ioad sharing is required. On the 
other hand, L-LSPs only transport a single OA, so that the packet scheduling 
treatment is inferred by the LSR exclusively from the packet's Iabel value while the 
packet' s drop precedence is conveyed in the EXP field of the MPLS Shim Reader. It 
uses separate Iabels for each dass. Therefore, it introduces more signaling 
operations, Iabel management complexity and increases the total number of Iabels. 

The architecture of backhone network should be as simple as possible to transport 
huge traffic at high speed. In fact, originally MPLS was developed to improve 
packet forwarding performance in back hone routers by swapping short, fixed length 
identifiers ('Iabels' ), instead of cumbersome Iook-ups and routing in each and every 
case. Rowever, the above mechanism can make the network processing complexed 
because every MPLS router must apply PHB. In this paper, a simplified QoS scheme 
using virtual link with some modifications only for LERs is proposed. The next 
section describes the concept of the proposed model using the virtual link and an 
algorithm to manage the virtual link and section 3 explains strong points and weak 
points through the logical comparisons between the IETF scheme and the proposed 
scheme. In section 4, our proposed scheme is evaluated through several simulations 
and finally section 5 concludes this paper. 

2. A SIMPLIFIED QOS SCHEME USING VIRTUAL 
LINK IN MPLS NETWORK 

-- _.,. LSP I infonnation 

LSP2 Lj] Bandwidth Broker 

Figure 1. The conventional model proposed by IETF 
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Figure 2. Virtual Link 

In this section, we define virtual Link concept and describe a mechanism to adopt 
this concept in a legacy MPLS network. 

2.1. Virtual Link Concept 

In this paper, a virtual link is defined as a set of LSP between ingress LER and 
egress LER. Ingress LER assigns a PHB function to each LSP of the virtual link, as 
if its next node is egress LER. Also, A LSP guarantees reserved bandwidth. It can be 
allocated a certain bandwidth using control protocol such as CR-LDP or RSVP-TE 
whenever it is required. Figure 2 illustrates virtuallink. In this scheme, Label Switch 
Routers (LSRs), that are core routers forwarding packets using Iabel swapping, carry 
out single service Ievel scheduling, not multiple service Ievel complex scheduling 
performed in DiffServ. This is same as that in current MPLS network. Thus, only 
boundary edge nodes need to be extended to support QoS in this scheme. 

2.2. The Network Environments 

Before describing a mechanism for applying our scheme, we first assume several 
network environments as follows. 

(1) The flow request includes information of the service class and required 
bandwidth. 

(2) There can be one more LSPs between the same ingress LER and egress LER. 
Also, they rnight have different characteristics in packet delay, bandwidth and 
etc. 

(3) The resource ofLSPs in the virtuallink can be managed dynamically. 
(4) LSPs for the virtual link are set up by CR-LDP or RSVP-TE and the LSPs 

guarantee their reserved bandwidth. 
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(5) Each LSP of the virtuallink is allocated a PHB functional module. Although 
several flows have the same service class, each flow is treated by the PHB of 
its LSP. 

If arequest arrives and there is an existing LSP corresponding to the request, the 
request is accepted in the existing LSP by extending the bandwidth of the LSP or in 
new LSP for the request. This can improve link utilization and reduce call blocking 
probability. Also, we propose a QoS agent at each ingress node to manage the virtual 
link. In the proposed model, every node exchanges and manages network 
information and reserves bandwidth, and the QoS agent at every ingress node 
determines LSPs for the virtual link and manages it. The proposed model is shown 
in Figure 3. While the conventional model is a integrated model of DiffServ and 
MPLS, the proposed model can be considered as a overlay model of a logical QoS 
network and MPLS network. 

2.3. Conceptual Method for virtuallink management 

Thus, there are two problems in virtual link management when the virtual link 
concept is used. One is what LSPs should be selected for the virtuallink between an 
ingress LER and a egress LER and the other is how all flows are assigned to the 
LSPs. A conceptual method to solve these problems is as follows. 

(1) One flow must be forwarded in only one LSP. 
(2) A set of all paths from ingress to egress is defined as ,J) : J)) < 

max_hop_count}. The max_hop_count can be the maximum length of LSP 
included in the virtuallink. 

• P1b ,J) denotes klh path from ingress i from egress j 
• ,J)) denotes Path length J) 

(3) The virtuallink from ingress i to egress j is determined by Max( ,J)) 
: PL(P;(i ,J)) < max_hop_count } ) 

,J)) :Minimum unused bandwidth through kth path from ingress i 
to egressj. 

CiJ Extended-LER QoS Agent 

LSR ---+ Virtual Link (LSPl, LSP2) 

Figure 3. The Proposed model 
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(4) The number ofLSPs in the virtuallink must not exceed threshold count, K. 
(5) The traffic is distributed among LSPs by the flow. 
( 6) lf there are several LSPs in the virtual link, the proportion of the service 

classes in the all LSPs included in the virtuallink should be similar. 
(7) When a flow is terminated, the LSP's resource must be reduced. lf there is no 

flow in the LSP, this will be terminated. If the service classes are unbalanced, 
the LSP can be merged into other LSP of the same virtuallink, or the service 
classes can be redistributed. 

(8) In the redistribution, existing flow distribution among LSPs is deviated as 
little as possible. 

(2), (3), (4), and (7) describe methods to solve the routing problern for a virtual 
link and (1), (5), (6), (7), and (8) explain flow assignment in the virtuallink. (1) and 
(5) can prevent from out of ordering packets andin (2) and (4), two constraints of 
max hop count and the maximum number of LSPs are considered when LSPs are set 
up. 

Assurne 100 flows which consist of 20 flows with Expedited Fotwarding (EF) 
PHB and 80 flows with Assured Fotwarding (AF) PHB in one link. In standard 
DiffServ, 20 EF flows can be given priority in admission for QoS and then 80 AF 
flows can be assured. Since a virtuallink can be made up of several LSPs, however, 
service differentiation in some LSPs would be degraded. For example, if the flows 
forwarded to 10 LSPs, LSP1 for 10 EF flows and 1 AF flows, LSP2 for 2 EF flows 
and 2 AF flows and LSP3-LSP10 for 1 EF flow and 11 AF flow, in LSP1, a AF 
flow will be transported after forwarding 10 EF flows, while AF flows will be 
transported after 1 EF traffic in LSP3-LSP10. In addition, the service differentiation 
in LSP2 including 2 AF flows and 2 EF flows will show different characteristics 
against that in LSP3-LSP10 including 1 EF flow and 11 AF flows. 

In unfortunate case, only one service class is supported in one LSP of a virtual 
link. It can cause increasing Iabels. lf there is a LSP of a virtual link for 1Mbps 
traffic with EF PHB and another LSP ofthe virtual link for lMbps traffic with AF 
PHB, EF traffic and AF traffic would do not experience service differentiation 
because they are independently treated guaranteeing bandwidth in different path. 
This problern should be alleviated by handling the incoming flows. 

To solve these problems, LSPs of the virtual link must be managed dynamically 
according to network status and the traffic in the virtual link is distributed among 
LSPs by the flow. The LSPs of the virtual link should have the similar traffic 
distribution to service classes to reduce service unbalancing. 

2.4. Algorithm 

W e propose an algorithm to set up a virtual link and to manage the traffic of the 
virtual link. The Figure 4 shows the flow chart of the algorithm and follows 
illustrate the chart. 

(1) A flow request including required bandwidth, service class and destination 
arrives. 

(2) Determine all paths set to the destination 
(3) Find a path and distribute the traffic in the virtual link until the flow is 
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accepted. We propose threshold count, K. If the nurober of path in the path 
set to egress node is more than threshold count, K, processing delay for 
would degrade network performance. 

(4) In the path set, select a maximum bandwidth path. Add the path to LSP set, 
the virtuallink, and repeat 

(5) If the traffic can be distributed in the virtuallink, set up the LSP and allocate 
the distributed traffic. Or, include one more path in the virtual link until 
threshold count, K and repeat (3) 

(6) Ifthe flow can't be accepted, the flow will be blocked. 

Not F 
R 

ound I 
>K 

Flow request (bandwidth, service class, destination) 

Find all path set from i to j 

{Pk(i,J) : PL(Pk(i,J)) < max_hop_count} 

1 
R > threshold K ? 

1 NO 

Choose a path with maximum BW as a LSP of t he 
vlrtuallink 
R= R+ 1 

Add the LSP to the virtual link 

Sort all flows by service classes and bandwidth 

Allocate flow by flow into each LSP in the virtual link 

l 
Are all the flows distributed? 

1 Yes 

The flow_request ls accepted 
Set up LSP for the virtual link by signaling 

The flow_request is blocked 

Figure 4. Algorithm of Flow Admission Control 

NO 
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3. COMPARISON 

This paper focuses the scheme to simply support QoS in MPLS network as 
compared to conventional IETF scheme. This section describes strong points and 
weak points through comparison between the IETF scheme and the proposed 
scheme. First, the network architecture of the IETF scheme is an integrated model of 
DiffServ and MPLS. In this scheme, PHB should be applied in every node to 
support QoS. Thus, it would be difficult to build up DiffServ over MPLS. However, 
it is easy and simple in proposed scheme to deploy DiffServ in MPLS network 
because only boundary edge router needs to be modified and PHB is applied in 
ingress LER using virtual link. In addition, the conventional scheme uses E-LSP or 
L-LSP, which restricts the number of services or increases the number of Iabels. But, 
the proposed scheme doesn't need any Iabel encoding scheme. 

Second, the IETF scheme can meet demanded service quality as exactly as 
DiffServ. In the proposed scheme, there can be several LSPs in the virtuallink. The 
AF traffic in the LSPs of the virtual link could experience higher priority in quality 
of service than that in the IETF scheme. On the other band, all EF traffic does not 
experience more priority than AF traffic in the proposed scheme because core LSRs 
classify arrival traffic only according to the LSP. Thus, the degree of the service 
differentiation in a LSP may be different from that of other LSPs included in 
common virtuallink in proposed scheme .. 

Third, as centralized bandwidth broker may cause more processing delay in 
backhone network, we present QoS agent to distribute bandwidth broker's Ioad. 
Virtual Link with guaranteed bandwidth can be set up by existing CR-LDP or 
RSVP-TE. Table 1 summarizes these comparisons between IETF scheme and 
proposed scheme. 

Table 1. Comparison oftwo QoS Schemes 

Existing scheme by IETF Proposed scheme 
- Implements PHB at only 

- Integrated model. border ingress LER. 

Deployment 
- Difficult to SUpport - Needs to extend only ingress 

DiffServ over MPLS LER. 
network. - Easy to deploy by modifying 

only ed_g_e nodes 
- May not experience accurate 

QoS in the virtuallink. Thus to 
improve service differentiation, 

Can guarantee QoS in 
distribute the traffic among the 

QoS guarantee the same Ievel as 
LSPs by a flow. 

standard DiffServ. 
- EF traffic can't be given strict 

priority in the virtuallink. 
- AF traffic can be treated prior 

to other EF traffic of other 
LSPs in the virtuallink. 

Label - E-LSP : maximum 8 -No need. 
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encoding services. 
scheme for - L-LSP: increasing 
DiffServ Iabels. 

- LER : performs multiple 
- LER : multiple service Ievel 

Scheduler service. 
scheduling. 

complexity - LSR : the same above as 
- LSR : single service Ievel 

scheduling. 
LER. Thus, simple Operation. 

Bandwidth 
- Centralized System. 

- Distributed System 
Broker - Use QoS agent. 

4. PERFORMANCE EVALUATION 

To evaluate the performance of the proposed scheme, in this section, two 
experiments are carried out. The frrst experimental topology is shown in Figure 5. 
In this model, a virtual link from an ingress LER to an egress LER is made up of a 
single LSP. Link bandwidth is lOMbps and 80% of the link is reserved. A fixed 
packet size of 1000 bytes is used. We focus on the packet delay of foreground 
traffic (Sl, S2, S3) in the virtuallink. The background traffic (S4, SS, S6, S7, S8, 
S9) is inputted to model the competition in bottle neck. The reserved bandwidths of 
Sl, S2, S3 are 0.32Mbps, 0.8Mbps, and 0.72Mbps respectively. We generated BE 
class traffic more than the rate we configure, 1.92Mbps, because BE traffic is not 
guaranteed in resource of LSPs. In this experiment, we observe the packet delay of 
the foreground traffic in several cases where background traffic is changed. In our 
simulations, loss rate is not considered since packet loss is not only closely related 
to a various queue size but also proportional to packet delay. 
Figures 6 shows the simulation results when BE background traffic is changed 

from lMbps to 8Mbps, and AF and EF traffic are fixed at 1.28Mbps and 3.2Mbps 
respectively. Figures 7 shows the simulation results when AF background traffic is 
changed from l.SMbps to 4Mbps, and EF and BE traffic are fixed at 1.28Mbps and 
2.88Mbps respectively. Figures 8 shows the simulation results when EF 

Foreground 
traffic 

I .... 
( 041516 ) 

I 

• .... 
( D 7/819 ) 

D 1/213 

Figure 5. A network topology to evaluate the virtuallink model in case of single path 
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background traffic is changed from 0.1Mbps to 2.3Mbps, and AF and BE traffic 
are fixed at 3.2Mbps and 2.88Mbps respectively. We see in the Figures while EF 
packet delay in IETF scheme is always very low due to the strict high priority in 
every node regardless of each class Ioad of background traffic, EF packet delay in 
the proposed scheme is increasing in proportion to the background traffic Ioad. 
This is because ingress node arranges packet order of incoming flows by PHB 
module of the LSP, but core node just guarantees the LSP's bandwidth using single 
Ievel scheduler regardless of service class of the flows in the proposed scheme. In 
heavy link congestion region, BE packet delay is very rapidly increasing in IETF 
scheme compared with that in the proposed scheme. Therefore, it is observed that 
the IETF scheme may cause critical packet delay or loss for AF or BE traffic in 
heavy congestion region and that the proposed scheme can reduce the delay for AF 
or BE instead of increasing the delay of EF in the LSP. The proposed scheme, 
however, still makes service differentiation within the virtual link regardless of 
network environments. 

ül 

70 

60 

E 50 

Qj 
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Q) 

20 

10 

0 

IETF scheme Proposed scheme 

2 4 6 8 2 4 6 8 

Best Effort background traffic [Mbps] 

Figure 6. Foreground traffic packet delay according to BE background traffic 
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Figure 7. Foreground traffic packet delay according to AF background traffic 
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FigureJO. Foreground traffic averagepacket delay according toBE background traffic 

In the next experiment, we observe the packet delay of foreground traffic which is 
forwarded through multiple LSPs included in a virtual link. Figure 9 shows the 
model. Alllinks have 3Mbps capacities and LSPl, LSP2, and LSP3 has 0.267Mbps, 
0.533Mbps, and 1.6Mbps capacities respectively. In this experiment, BE background 
traffic is varied, but AF and EF traffic are fixed. All bottle neck links reserve 
2.4Mbps bandwidth for AF and EF traffic. 

Figure 10 shows the average packet delay of foreground traffic through LSPl, 
LSP2, and LSP3 according to the BE background traffic. In heavy congestion cases 
of 1.7Mbps, 2.1Mbps, AF traffic of the proposed scheme has the tendency of the 
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Figure 9. A network topology to evaluate the virtuallink model in case of multiple path 
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packet delay similar to that of IETF scheme. Also, the packet delay of BE in the 
proposed scheme is lower than that of IETF scheme, but EF traffic experiences more 
delay in the proposed scheme. From these simulation results, in the results, it is 
observed that the proposed scheme can provide QoS although the characteristics of 
service differentiation are obtuse in the case of multiple paths included in a virtual 
link as in the case of single path. Foreground traffic packet delay according to BE 
background traffic 

5. CONCLUSIONS 

The backhone network should be simple. This paper presents a simplified QoS 
scheme of MPLS based backhone network using virtual link. We first propose a 
concept of virtual link. The proposed scheme sets up a virtual link composed of a 
LSP set between an ingress LER and an egress LER and applies a PHB module to 
each LSP only at an ingress LER. And It doesn't use any Iabel encoding scheme to 
identify the service class of packet. Existing CR-LDP or RSVP-TE is used to set up 
the virtual link without modification in this scheme. Thus, the proposed scheme 
needs to modify only MPLS edge routers to support QoS. Furthermore, a QoS agent 
for virtual management is proposed as a distributed system. In this scheme, there are 
two problems in virtuallink management. One is what LSPs should be selected and 
the other is how all flows are assigned to the LSPs. We present a LSP management 
mechanism to solve these problems. When a flow request is arrived or an existing 
flow request is terminated, a set of LSPs is reconfigured and then all flows are 
redistributed among the set of LSPs by this mechanism. From our simulation results, 
we can conclude that the IETF scheme can meet demanded service quality as 
exactly as a standard DiffServ regardless of each class Ioad of background traffic 
while EF packet delay in the proposed scheme is increasing in proportion to the 
background traffic Ioad. The proposed scheme, however, can provide QoS although 
the characteristics of service differentiation are obtuse. 
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