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Abstract

This document contains a high-level description of the QoS classes of service which
are recommended for development and eventual deployment across JANET. The
recommendations have been formulated on the basis of experience gained in the
framework of the JANET QoS Development Project.

Two QoS services are described: 1P Premium and Less than Best Effort. These
complement the regular Best Effort service, which isknown on JANET as the Basic
IP Transmission service and is currently the only productiontransport service offered
to the JANET community.

Introduction

QoS uses various mechanisms to decrease the negative effects of congestion, i.e. large
gueues building up in packet-switched networks. Congestion leads to large and
variable packet delays and |oss.

QoS improvesthe basic transport service offered by IP networks (also known as Best
Effort service) by processing different traffic classes in different ways, according to
their requirements. Modern network traffic can be categorised by the different
requirements of the applications concerned, in terms of relative predictability of the
data rate (for example, traffic with Constant Bit Rate or Variable Bit Rate), traffic
sensitivity to packet delays and their variations, and traffic sensitivity to packet losses
or corruption. Even though each application can be described by its own set of
reguirements (which can be quantitative or qualitative), a more scalable approach isto
combine all the applications into a few classes with similar requirements. In very
simplistic terms there could be only two classes of applications: time-sensitive and
nontime-sensitive (also known as elastic). This simple scheme becomes more
elaborate as the sensitivity of traffic to data loss is taken into account, leading to more
classes of traffic. Asynchronous Transfer Mode (ATM) takes such an approach with
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four predefined class of applications, named A, B, C and D. For each class of traffic
thereisalist of quantitative criteria which assess QoS for that class. For example, for
the time-sensitive class, the criteria include latency and the loss of packets which a
network is delivering to an end-user. Note that the loss is due to the queues
overloading and there are no other causes, e.g. bit distortion because of
electromagnetic noise.

The main ideabehind QoS is to provide better than Best Effort treatment to a
restricted amount of traffic for a particular class, which needs that kind of improved
treatment. For example, a network can transfer some privileged traffic with a very low
level of delay only if the amount of that traffic does not exceed a particular level —
beyond this level, queues of privileged packets start building up. In other words, when
there istoo much privileged traffic we don’t have privileged traffic at al.

A QoS service is an advanced transport service that results from the systematic
deployment of QoS mechanisms across a network. (It is advanced compared to the
regular Best Effort service.) Very popular examples of such a service are IP Premium,
Platinum, Gold, Silver or Bronze services. These are characterised by performance
indicators that are well-known QoS metrics, such as One Way Delay (OWD), IP
Packet Delay Variation (IPDV or jitter) and loss. Aswith any transport service, a QoS
service should be characterised not just by the QoS metrics but by generic
performance indicators such as availability of service, its scope, schedule and so on.

A QoS service is usualy intended to transport particular classes of traffic. Traffic
classes can be mapped directly onto QoS, i.e. each traffic classis served by a
particular QoS service. Alternatively, several traffic classes can be mapped onto one
QoS service so that the number of QoS services is lessthan number of traffic classes.
For example Voice over IP (VolP), videoconferencing and real-time traffic of
computer-aided manufacturing systems could be served by one QoS service class that
isoften called IP Premium.

The QoS services considered in this document are based on the DiffServ
(Differentiated Services) model, which has beendeveloped by the IETF (Internet
Engineering Task Force),™? and is deployed by several commercial |SPs and across
the pan-European education and research network GEANT.?

The JANET QoS Development Project explored the DiffServ model, and the
recommendation for the QoS services in this document is based on experience gained
during the project.

DiffServ model for a multi-domain environment
Per Hop Behaviour

The DiffServ model is currently considered to be the most scalable QoS model for IP
networks as it treats aggregate flows as service objects. Furthermore, every router
makes its own decision based on the service provided to a particular aggregate flow.
This decision is made independently and need not be co-ordinated with other routers.
This approach is called per hop behavior (PHB). Since DiffServ does not consider
flows along the entire route from the source to the destination, it is more precise to
say that the service objects are these traffic classes rather than aggregate flows.

Accordingly, the DiffServ architecture does not use a signalling protocol, which
normally tells routers along a path how much bandwidth should be reserved for each
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particular flow. Instead, a value carried by every IP packet in its DiffServ field is used
as an attribute to specify that the packet belongs to a particular traffic class. Based on
this value, called DSCP (DiffServ Code Point), each network router decides on the
service to be provided to that particular packet as opposed to the packets of other
classes. Supporting only a few traffic classes instead of a large amount of separate
flows makes DiffServ relatively smple in terms of the additional 1oad on routers, as
routers do not store and maintain state information about individual flows.

Evidently, if al routers agreed to provide the same treatment for a particular DSCP-
marked traffic class then users would have an end-to-end QoS service. However,
routers must co-ordinate their effortsin:

the definition of QoS services,
marking packets for a particular QoS service with the same DSCP value;

agreeing levels of maximum rates for privileged QoS services in order not to
suppress less privileged servicessignificantly.

The |IETF standardised several QoS PHBs and their respective DSCP values:

Expedited Forwarding PHB* with DSCP 46, designed to provide the best QoS
service, with strict low limits for QoS metrics such as packets delays, delay
variation (jitter), loss and disordering. This guarantees these desired values
only when the rate of Expedited Forwarding traffic does not exceed an agreed
upper limit. All time-sensitive traffic should be served by Expedited
Forwarding PHB.

Assured Forwarding PHBs, which should be better than Best Effort in terms of
QoS metrics, but have less strict limits in comparison to Expedited
Forwarding. Assured Forwarding PHBs are designed for guaranteed delivery
of traffic with specified limits of rate and loss but with much wider limits for
delaysand jitter. Traffic that is sensitive to rate and loss but not so sensitive to
delays should be served by Assured Forwarding PHBs. An example of such
traffic is videostreaming. Each Assured Forwarding class supports three
different DSCPs which define the probability of discarding packets by each
class.

Quite recently, the IETF has published RFC 3662, A Lower Effort Per-
Domain Behavior (PDB) for Differentiated Services which contains the
description for a Less than Best Effort service (LBE), based on the Scavenger
service developed by the Internet2 community. LBE has been deployed in
some academic and research networks, including GEANT. The LBE and
Lower Effort (LE) PHBs have aDSCP value of 8.

It is worth emphasising that PHB is not an end-to-end QoS service. In fact, routers
that support PHB are only really the building blocks for creating an end-to-end QoS
service. To provide such a service, all routers between the end- users should be
configured according to the same policy framework and behave consistently.

Multi-domain SLAS

The DiffServ model was designed to accommodate the multi-domain nature of
modern P networks seamlessly. The Internet as such consists of a large number of
domains; JANET is a three-tier multi-domain network (see Figure 1 below). If the
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hierarchical structure of some Regional and Campus Networks is taken into account
then the number of JANET tiersis further increased.

DiffServ suggests that every pair of neighbouring domains should negotiate a Service
Level Agreement (SLA), which forms the common policy framework mentioned
above. The end-to-end service for end-users could be built on the basis of a chain of
SLAs between neighbouring domains. As end-userson JANET are usually in Campus
Networks, this chain will include two Campus Networks, two Regional Networks and
the JANET backbone.

An SLA is a unidirectional agreement in which one domain, e.g. domain J in Figure 1,
agrees to accept traffic from another domain, e.g. domain B, and transfers it towards
its destination according to a particular level of QoS, for example, with delays of no
more than 100 ms for 99% of the packets to be transferred. A domain which agreesto
accept and transfer traffic isa domain-provider, and a domain which directs traffic
into the domain-provider is a domain-client.

An SLA defines the quantitative or qualitative QoS criteria for transferring traffic
between a domain-provider and a third domain, or between a domain-provider and
oneof itsend-users. InFigure 1, SLA B-J means that domain B is a domain-client and
domain Jis adomain-provider. The direction of the arrow corresponds to the direction
of the traffic covered by the SLA. Quantitative guarantees are usually expressed in
standard QoS metrics, defined by the IETF s IP Performance Metrics (IPPM) working
group>®’ —for example, a percentile of one-way packets which are del ayed above
some limit.

Qualitative guarantees could be given— for example, if a network experiences periods
of congestion, the provider could promise the client asignificant decrease in delays
during those periods for the IP Premium service compared to the Best Effort service.

As traffic between domains travels in both directions, two SLAsshould be negotiated
between neighbouring domains, as shown in Figure 1. SLAs between two particular
domains may differ because, for example, of the different amounts of traffic that need
to travel in each direction

An SLA could be agreed not only between domains but between a domain and its
end-users aswell.

An SLA consists of two parts: the administrative/legal part and the Service Level
Specification (SLS).®
The SLS describes the technical parameters of the SLA, e.g.:

the values of QoS metrics which the domain-provider guarantees for the client
traffic it transfers;

the values of non-QoS metrics of the service, e.g. availability;

the scope of the service, i.e. adescription of the bounds between which the
service defined by the SLA could be provided to clients. For example, a
domain can provide the service between all of its edge routers, or only
between some particular routers (the same could apply for the end-users’
equipment);

the traffic profile, which describes the parameters of the traffic transferred by
the domain-provider. The traffic profile usually limits the sustained rate and
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burstiness of traffic; the parameters that are not frequently used are the top and
bottom limits of packet size.

The traffic profile is a very important part of an SLS because, without knowing the
traffic to be transferred, a domain-provider cannot give any guarantees to the domain-
client, whether quantitative or qualitative. To know the traffic sustained rate limit lets
adomain-provider plan the bandwidth distribution among its clients and hence assess
the QoS metrics for the traffic to be transferred through the domain.

In fact, the SL S determines two kinds of responsibilities:

those of the domain-provider to transfer traffic of an agreed profile with an
agreed quality;,

those of the domain-client to direct traffic into the domain-provider within an
agreed profile.
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Figure 1. Multi-domain architecture of the DiffServ model.
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The administrative/legal part of the SLA definesal the non-technical parameters of
the service agreement between the domain-provider and the domain-client. It is quite
flexible as any aspects of the agreement can be included here. Important components
of the administrative/legal part of the SLA include:

the service description

description of the monitoring tools for checking SLS parameters (they are
needed for both the provider and the client);

service provisioning policy and procedures
service support and troubleshooting procedures.

Service provisioning policy and procedures define how the client can request service
from the provider. These are not less important than the SLS parameters: for example
apotential user could be happy with the QoS metrics guaranteed by a service, but
could find the provisioning policy that requires a service to be booked three months in
advance absolutely unacceptable.

Edge functionality

Under the DiffServ model, the edge (border) routers and the core routers serve
different QoS functions.

A domain-provider’s edge (border) routers act as check-in points for the domain,
because they communicate directly with the edge routers of other administrative
domains and accept traffic from them for processing. Edge routers check ingress
traffic for conformity to the SLS traffic profile. The DiffServ model callsthis traffic
conditioning, which usually includes admission control, measurement, policing and
traffic shaping. Admission control checks whether traffic could in principle use the
requested QoS class (according to the DSCP vaue), and measurement checks the
conformance of the traffic to the traffic profile. If the traffic does not conform to its
profile then policing takes place, which means that excess packets are dropped by an
edge router. Policing could aternatively lead to remarking the DSCP value, usualy
transforming privileged traffic into Best Effort traffic. Traffic shaping means changing
inter-packet intervals to even out the traffic. Usually, shaping is applied to egress
traffic in order to decrease queues in downstream routers, resulting in less bursty
traffic and hence smaller queues. Shaping is aso used to reconcile the parameters of a
domain’ s egress traffic and the policing of a downstream domain's ingress traffic.

After traffic conditioning, the edge routers queue traffic according to QoS class
requirements, using priority or weighted queuing techniques.

Figure 1 shows how this situation is applicable to JANET. Traffic conditioning is
represented by red lines crossing the ingress interfaces of domain edge routers. Asall
core routers are under the same administrative control, they can trust the edge routers
interms of the agreed parameters of traffic, and themselves only handle queuing and
shaping.

SLA types
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1. SLA for well-known QoS classes and SLA for individual QoS classes.
Well-known QoS classes have beendeveloped for popular classes of network
applications. The most important and elaborated is the IP Premium class,
which can also be known by other names. This was developed for the most
time-sensitive applicatiors. Thetypical SLA for IP Premium is aso quite well-
known, especially the SLS part, usually based on Expedited Forwarding PHB.

A pair of neighbouring domains could also develop itsown SLA for a more
specific QoS class, which would include individual QoS indicators, and a
description of service and service provisioning.

2. Wholesale and retail SLAs. Inter-domain SLAs are usually wholesale,® i.e.
they describe aggregate traffic between domains and do not pay attention to
the traffic flows of end-users. For example, the traffic profile of a wholesale
SLS could have a single limit for the total amount of 1P Premium traffic
accepted by a domain through every access interface.

A retall SLA isintended for end-users, not domains, and describes all
agreements in terms of individual traffic flows.

3. Destination-awar e and destination-unaware SLASs. A destination-aware
SLA specifies the destination of the traffic. For example, domain Jin Figure 1
could agree to accept 1P Premium traffic from domain B at up to 10% of the
access link’s bandwidth if it is directed to domain G, and up to 15% of the
access link’ sbandwidth if it is directed to domain E.

A destination-unaware SLA does not include the traffic destination: e.g.
domain J could agree to accept |P Premium traffic from domain B at up to
25% of the access link’ s bandwidth regardless of its destination.

4. Edge-to-edgeor end-to-end SLAs. An SLA between domainsis normally an
edge-to-edge SLA, as the scope of agreement could only cover the edge
routers of the neighbouring domains. An end-to-end SLA is aretail-type
agreement concluded by the domain operator with its end-users, describing the
quality of the service for the users of the domain when they direct traffic to
other end-users, who could be users of the same or some other domain. If the
latter is the case then there is a problem with formulating the quantitative QoS
parameters (if the SLA has such parameters) because they are heavily
dependent on achain of domains leading from the source to the destination of
the traffic. Several approaches could be applied:

the end-to-end SLS could be qualitative;

the end-to-end SL S could be built on the worst case estimation, which is
obtained by measuring all possible destinations available for the users of
the domain to send traffic to;

the end-to-end SL'S could combine the worst case estimation with a
promise to specify more exact parameters during the service provisioning.
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IP Premium

In the framework of the JANET QoS Development project trial, two QoS services
were defined and deployed across JANET:

IP Premium
LBE

which together with the regular Best Effort service resulted in three differert QoS
services. Both IP Premium and LBE are well-known QoS services, which are based on
the IETF recommendations and deployed by a number of Internet Service Providers.

There is a third well-known QoS service, IP Plus (IP+), based on the IETF Assured
Forwarding PHB specification, mentioned above. |P Plus was described along with IP
Premium and LBE in the QoS Think Tank® — the initiative which accumulated the
expertise of JANET community in the QoS areain 2001. IP Plus is an intermediate
service between Best Effort and IP Premium, and could be useful for a number of
applications that have less strict demands for latency parameters but need bandwidth
guarantees (e.g. for streaming audio and video broadcasting). However, IP Plus was
not explored in the course of the JANET QoS Development Project in order not to
overcomplicate the first large-scale QoS trial across JANET.

This section includes a high-level description of the types of IP Premium service
which could be deployed as a JANET production service. They are based on
experience gained from the project and the external experience of several sources.

The next section includes a description of the types of LBE service.

All the types of 1P Premium should be based on the well-known SL S parameters for
this class of service. These parameters are:

DSCP 46 vaue for marking 1P Premium packets;
using the following QoS metrics as quality indicators of the service:
0 upper-bounded one-way delay
0 upper-bounded IP Packet Delay Variation (IPDV)
0 no packet loss due to congestion
0 guaranteed capacity.

Guaranteed capacity (i.e. bandwidth) should be at least a quantitative parameter of the
IP Premium service. Others QoS metrics could be quantitative or qualitative.

The former would result in a guaranteed |P Premium service with a high level of
probability of guarantees (there are other informal names for such aservice: ‘hard’,
‘drict’ etc.).

The latter would result in a‘*soft’ or ‘basic’ 1P Premium service where QoS metrics
such as latency and loss are described in qualitative terms, e.g. as ‘significantly lower
than the latency and loss experienced by a Best Effort service'.

The differences between hard and soft |P Premium services, and the procedure for
provisioning the type of service, liein the SLS. Below are some examples of such
Sservices.
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Static IP Premium

Thisisa ‘soft’ version of the IP Premium service based on a‘pur€ DiffServ multi-
domain model shown inFigure 1. Theterm ‘datic’ relates to the method used for
service provisioning. It means that there is no dynamic booking procedure for end-
usersof the service. The service has afew well-known users who can send traffic
marked as |P Premium without advance booking. Thiswas the scenario thet was
implemented by the project participants. This model will most probably be used for a
few videoconferencing studios and Vol P software switches which communicate only
with each other.

Should the policing limits of edge routers be equal to or higher than the total 1P
Premium traffic of the well-known users, thiskind of service might be a guaranteed IP
Premium service. However, this scenario is very improbable as it needs very high
policing limits. When policing limits are lower than the maximum total amount of the
IP Premium traffic of all registered IP Premium users, then thiskind of serviceis
‘soft’, as a Situation where a policer drops some |P Premium traffic as excess traffic
cannot be excluded.

A dtatic IP Premium service could be destinatiorrunaware or destinationaware. Inthe
former case, admission control isbased only on the source | P addresses of registered
IP Premium users. The latter case needs admission control to be based on the source
|P address and destination | P address. This is more reliable as it excludes situations
where a registered 1P Premium user communicates with a nortIP Premium user. Also,
the QoS metrics will be lower than if both users were |P Premium users. (However,
note that although we use the term* lower’, we cannot estimate a degree of
guantitative degradation.)

If trust relationships could exist between domains then admission control and
conditioning of individual 1P Premium flows could be conducted only by domains of
registered IP Premium users. For the JANET community, user domains would
normally be Campus Networks and the existence of such trust relationshipsis very
likely. Inturn, such asystem of trust relationships relieves high-level domains (i.e.
Regiona Networks and JANET) of having to perform admission control and traffic
conditioning at the flow level. Delegating this function to Campus Networks makes
the high-level domains more reliable and stable, as their configuration of edge routers
supporting only traffic classesis very smple. It is worth emphasising that these will
be limited trust relationships as high-level domains will still police aggregate flows of
IP Premium traffic, protecting themselves from IP Premium overflow. They will only
delegate granular admission control and policing functionality to low-level domains.
Misconfiguring equipment in a low-level domain could possibly lead to an IP
Premium traffic jam in the output interface of a high-level domain. However, this is
more likely to happen in a static destination-unaware model because it will not be
misconfiguring but rather normal practice for the destination-unaware service.

The advantage of the ‘softness of Static IP Premium is its easy incorporation into the
chain of over-provisioned non-1P Premium domains. On the one hand,
overprovisioned domains could provide relatively good QoS metrics without
differentiating traffic into classes. On the other hand, an absence of admission control
and traffic conditioning operations on the border of such domains does not allow
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guantitative guarantees of QoS to users. Therefore, over-provisioned domains cannot
be part of a chain for guaranteed IP Premium service but could be part of a‘soft’ IP
Premium service.

A static destination-unaware model could potentially compromise the IP Premium
service, because without any control of the flow paths, many IP Premium service
flows go through the same output interface of a router, and the total rate of 1P
Premium traffic exceeds atechnological limit for priority traffic beyond which delay
and jitter would be too high for time-sensitive applications. Another unwanted effect
of overloading an interface with IP Premium traffic is alow share of bandwidth for
other traffic classes, such as Best Effort and LBE in our case. Such asituation is
shown in Figure 1, where several |P Premium flows go through the output interface of
R2 towards the domain C.

The drawback of astatic destination-aware |P Premium model is the potentially
ineffective use of reserved bandwidth. The static nature of a reservation means that it
is mede on the basis of network topology, without taking into account real need in
transferring data. For example, imagine that domain B in Figure 1 supports a static
destinationaware |P Premium service. Domain B has four externa interfaces
connecting it to the neighbouring domains, and for each interface the domain should
have three separate reservations for ingress IP Premium traffic, leading to three
external interfaces. These reservations are permanent even though traffic to some or
all of those destinations could be zero for significant periods of time.

Guaranteed IP Premium with booking services

A guaranteed bookable IP Premium service is very desirable as it offers users the
highest level of QoS. It isadynamic service, as areservation is created only if traffic
is going to be transferred across a network, and this reservation will only exist for a
predefined period of time.

The genera idea of a guaranteed bookable |P Premium service isillustrated by Figure
2.
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Guaranteed |P Premium is always destinationaware, as it needs to provide the
necessary guarantees in order to reserve the network resources for the traffic flow
from the source address to the destination address. Advance reservation prevents the
aggregate I1P Premium flow exceeding the policing limit of the rate onthe input
interface or the technological limit of the rate on the output interface of the
downstream routers.

There are two ways of making this reservation. The first uses asignalling protocol on
packets sent along the path through domains and networks to inform the routers of the
traffic profile parameters. For 1P networks, RSVP (Resource Reservation Protocol) is
a standard protocol for making reservations. It makes them automatically, but thisis
currently considered suitable only for enterprise-wide networks. Thisis because of
RSVP s poor scalability, as all routers must keep state information about each
individual user flow.

The network diagram shown inFigure 2 illustrates the second approach, based on the
Bandwidth Broker (BB) model. A Bandwidth Broker isan additional tool, external to
the communication equipment of adomain, i.e. to its routers and switches.

According to this model every domain has its own Bandwidth Broker, which is
responsible for processing requests for the IP Premium service within its own domain.
The mechanism for a Bandwidth Broker is as follows. The end-user sends a request to
the Bandwidth Broker of his’her own domain and, on the basis of the destination and
rate of the request and the available resources of the domain, the Bandwidth Broker
defines the possibility of allocating resources to this request. It forwards the request to
the Bandwidth Broker of the domain downstream (in terms of the user flow), and so
on. If al Bandwidth Brokers agree to accept a request then the reservation is made, the
respective border routers of al the intermediate domains are reconfigured to permit
the new IP Premium flow (or another better than Best Effort service flow, e.g. IP
Plus), and the end-user is notified about the successful booking. Usually the
Bandwidth Broker is a software system that is implemented and configured on a
dedicated server.

The Bandwidth Broker model is quite new and has ot yet been deployed widely in a
commercia or an academic environment. The basic architectural ideas were explored
by the Internet2 community but the service has not been implemented. Commercial
|SPs are currently not very motivated in the development and deployment of the
model, as they mostly provide advanced QoS services only across their own networks.

Implementing the Bandwidth Broker model does not have to be completely
automated. The first stage can be completely manual, where the role of the Bandwidth
Broker isperformed by the network operations staff of a particular NOC. The
automation process could be gradual, by assigning some areas of the Bandwidth
Broker’s functionality to software (e.g. Web-based interface for booking) while others
remain manual.

A guaranteed | P Premium service can have arange of quantitative guarantees. The
top-level service (‘hard’ or advanced IP Premium) should provide quantitative
guarantees for all QoS metrics while the basic service could guarantee only acertain
amount of bandwidth. It is reasonable to start with basic IP Premium as it is smpler to

ND/ATG/QOS/DOC/035 Page 14 of 16



implement, and it allows over-provisioned domainsto be included in the scope of
service.

Aswell as a Bandwidth Broker, a guaranteed | P Premium service needs authorisation
and authenticationelements. Every domain could implement these elementsin its own
way and atrust relationship system can be implemented to delegate some functionality
to Campus Networks, as with Static |P Premium.

Less than Best Effort (LBE)

LBE is based on the Internet2 Scavenger Service.™! Internet2 definesit in the
following way:

‘The scavenger service creates a parallél virtual network with very scarce
capacity. This capacity, however, is elastic and can expand into capacity of the
normal best-effort class of service whenever the network has spare cycles. The
expansion happens with a very high time granularity: everything not used by
the default classis available for the scavenger class’

The LBE service has lower priority than Best Effort. Essentially, it conforms to the
DiffServ idea of providing services with different QoS levels. It israther surprising
that this kind of QoS service has appeared relatively late.

RFC 3662, A Lower Effort Per-Domain Behavior (PDB) for Differentiated Services
generalises the LBE approach and states that it:

‘Isintended for traffic of sufficiently low value (where “value” may be
interpreted in any useful way by the network operator), in which al other
traffic takes precedence over LE [Lower Effort] traffic in consumption of
network link bandwidth. One possible interpretation of “low vaue” trafficis
its low priority in time, which does not necessarily imply that it is generally of
minor importance. From this viewpoint, it can be considered as a network
equivalent to a background priority for processes in an operating system. There
may or may not be memory (buffer) resources allocated for this type of

traffic.’

LBE uses the DSCP vaue 8 (1P precedence 1) for marking packets, following the
practice of the Scavenger service and the recommendations of RFC 3662.

LBE aso differs from IP Premium in that it does not need an SLA betweendomains,
because the nature of the service guarantees nothing to its users. However, typical
LBE implementation uses Weighted Round Robin queuing in all routers with a very
small percentage (1-3%) of the links bandwidth. This is because Weighted Round
Robin gives al its classes a provisioned bandwidth minimum during congestion
periods, but they can receive up to thetotal link bandwidth while other classes
(including priority ones) temporarily are not using the link. This feature of Weighted
Round Robin conforms exactly to the definition of LBE.

The guaranteed small percentage of bandwidth for LBE is intended to keep
established TCP sessions going even during congestion periods.

LBE could be of use for bulky Grid applications which need to transfer huge amounts
of data, but which at the same time are not time-sensitive and can endure a wide range
of delays in the delivery of the data. When served as Best Effort, such bulky traffic

can distort regular traffic (the majority of which is Web traffic). When served as LBE,
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this huge amount of data could be delivered, say, over severa hours, using gaps in the
regular (and IP Premium) traffic. Thiswould be an adequate quality of service for this
kind of traffic. Note that when the LBE service is under populated and the Best Effort
service is congested then the LBE service can provide better than Best Effort, asthe
relative utilisation of the LBE bandwidth will be lower than the same characteristic of
Best Effort.
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