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Weighted Fairness and Correct Sizing
of the Secondary Transit Queue

in Resilient Packet Rings
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Abstract—The IEEE 802.17 is a standardized ring topology
network architecture, called the Resilient Packet Ring
(RPR), to be used mainly in metropolitan and wide area net-
works. After a brief overview of the IEEE 802.17 RPR proto-
col, this article investigates the weighted fairness aspects as
well as the requirements for sizing the secondary transit
queue of IEEE 802.17 RPR stations (in the aggressive mode
of operation). The analysis and suggested improvements
presented in this article are then supported by performance
evaluation results and theoretical calculations.

Index Terms—MAN; WAN; Ring networks; Spatial reuse;
Fairness.

I. INTRODUCTION

T he IEEE 802.17 Resilient Packet Ring (RPR) is a ring-
based network protocol standardized by IEEE [1]. An

RPR network is constructed by using point-to-point bidirec-
tional connections between stations. The protocol is imple-
mented on two counter-rotating rings called ringlets that
provide protection and resilience.

A ring network is simpler to operate and administer than
a complex mesh or an irregular network while virtually pro-
viding connection from each station to every other station.
Synchronous optical network (SONET) rings are currently
deployed by service providers in metropolitan area networks
(MANs) or wide area networks (WANs), many of which con-
sist of a dual-ring configuration where one of the rings is
used as a backup ring and remains unused during normal
operation to be utilized only in case of failure of the primary
ring. The static bandwidth allocation and network monitor-
ing requirements increase the total cost of a SONET net-
work. While plain gigabit Ethernet does not require static
allocation and provides cost advantages, it cannot provide
desired features such as fairness and autorestoration.

The fairness aspects of RPR have been investigated in
depth in light of interesting scenarios in [2–4]. Improve-
ments for the current fairness algorithm of the IEEE 802.17
have been proposed in [2,3,5–7]. The weight aspect of the
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airness algorithm has been investigated in [8]. While the
equirements for the sizing of the secondary transit queue
STQ) in RPR stations have been studied in terms of over-
ows, the underflows were not investigated previously. In
his article, an update to the weighted fairness will be pro-
ided with proof of convergence along with the underflow in-
estigation of the STQ in RPR stations.

The rest of this article is organized as follows. In Section
I an overview of RPR will be provided, with emphasis on
eight allocation and fairness. Section III will present an
xample network topology. Weights are assigned to the sta-
ions to achieve the desired fairness, and the current fair-
ess algorithm behavior will be illustrated through simula-
ions. In Section IV, the observed behavior will be discussed
nd an improvement will be suggested with a proof of con-
ergence. Section V will present how weights can be utilized
o improve throughput when oscillations are present. Sec-
ion VI will explain how the STQ should be adjusted to pre-
ent underflow and avoid underutilization of the network.
inally, in Section VII, the conclusion will be drawn.

In order to demonstrate different operational modes,
ome performance figures of merit are included and dis-
ussed. The scenarios have been executed on the RPR simu-
ator model developed at Simula Research Laboratory [9].
he simulation model is implemented in J-Sim [10] using
ava. The suggested modification has been incorporated into
he simulator model and its behavior is verified through
imulations.

II. RPR OVERVIEW

The operation of the RPR protocol is discussed in detail in
11]. A brief overview of dual-queue operation will be pro-
ided in this article.

Figure 1 shows an example scenario. Stations 4 and 3 are
ransmitting to Station 2 on the inner ringlet, while Sta-
ions 2 and 1 are transmitting to Station 7.

Each time a frame is received at Station 2, the frame will
e checked to see if that frame is destined to the station it-
elf or not. The frame will be removed from the ring if it is
estined to the station (in this case, any frame from Station
or 4). In parallel, Station 7 will be able to receive the

rames from Stations 1 and 2 without being impacted by the
raffic generated at Stations 3 and 4. This facilitates the
2010 Optical Society of America
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spatial reuse property of the RPR network except for multi-
cast frames that are removed by the sender.

The unallocated bandwidth is distributed among the sta-
tions based on the RPR fairness algorithm. Assuming that
all the stations have equal weights, Stations 3 and 4 will get
an equal amount of the link bandwidth between Stations 2
and 3. Stations 1 and 2 will get an equal amount of the link
bandwidth between Stations 1 and 7.

The RPR fairness algorithm utilizes a predefined sched-
uler operation and provides a fair sharing of the link band-
width according to the weights of the stations when there is
more traffic than can be transmitted through that link. Fig-
ure 2 shows an RPR media access control (MAC) of a dual-
queue station. The primary transit queue (PTQ) is dedicated
to high-priority ring traffic while the STQ is used for the re-
maining traffic. The client traffic is separated into three pri-
orities, namely, ClassA, ClassB and ClassC.

ClassA service is utilized to satisfy guaranteed bandwidth
and the low latency and bounded jitter requirements of
high-priority traffic. ClassA service is given the highest pri-
ority in scheduling and utilizes the PTQ. ClassB traffic ser-
vice has two parts. One part is the allocated portion called
the ClassB committed information rate (CIR), which pro-
vides an allocated and guaranteed bandwidth. The second
part is the ClassB excess information rate (EIR), which pro-
vides a best-effort service and is classified as fairness-
eligible traffic and regulated by the fairness algorithm. The
last traffic class is ClassC, which is a best-effort service with
the lowest priority and is also classified as fairness eligible.

As shown in Fig. 2, the STQ and fairness-eligible traffic
share the same priority from the scheduler point of view.

Fig. 1. (Color online) Destination stripping and spatial reuse illus-
trated on the inner ring (ringlet 1).

Fig. 2. RPR MAC of a dual-queue station. The numbers in circles
provide the crude indication of scheduler priority.
he decision of which queue to select is based on the fair-
ess algorithm. This decision is called “addRateOk” in the
EEE 802.17 standard. If the “addRateOk” parameter is
valuated as true, then the fairness-eligible station traffic
ill be selected; otherwise the STQ will be selected.

RPR fairness is based on ingress aggregation, which is re-
erred to as “Ring Ingress Aggregated with Spatial Reuse”
RIAS) fairness in [2] and follows the same methodology
sed in [12] for max–min flow control. The RIAS fairness
efinition does not include the station weights in the gener-
lized formula, but this is included in the IEEE 802.17 stan-
ard. In order to provide a better representation of the fair-
ess as in the IEEE 802.17 standard, a fairness definition
ith the inclusion of the administratively assigned station
eights will be shown in this article as follows.

Denote N as the total number of stations on a ringlet. Let
he capacity of each link on the ringlet be C. Each and every
tation s on the ringlet is given a weight ws for providing
he weighted fairness. On this ringlet, a flow vector is de-
ned by F= �fst�, in which each flow from Station s to Station
is denoted by fst, which is also referred to as the path of the
ow. A fair rate vector is defined by R= �rst�, in which the

air rate of flow fst is denoted by rst. By using the above defi-
itions, the total allocated rate on link n of the ringlet is de-
ned as

Tn = �
∀s,t:link n�fst

rst. �1�

On this ringlet, the vector R is said to be feasible if the
ollowing conditions are met:

rst � 0 ∀ s,t:fst � F, �2�

Tn � C ∀ n � N:0 � n � N. �3�

The sum of all flows originating from Station s and pass-
ng through link n is defined as

An�s� = �
∀t�N:link n�fst

rst. �4�

For a feasible vector R, the link n is a bottleneck link,
n�s , t�, with respect to R for fst crossing link n if the follow-

ng conditions are met with respect to all flows fs�t� crossing
ink n:

Tn = C, �5�

rs�t� � rst ∀ s�,t�:s� = s and t� � t and link n � fs�t�, �6�

An�s�� � An�s� ∀ s�,t�:s� � s and link n � fs�t�. �7�

Note that if there are no other flows originating from any
tation other than Station s going through link n, An�s�� will
e zero and Eq. (7) will be satisfied by default.

The vector R is said to be “weighted” RIAS fair if it is fea-
ible as defined in Eqs. (2) and (3) and, if for each fst, rst can-
ot be increased while maintaining feasibility without de-
reasing the fair rate rs�t� of some flow fs�t� as defined in the
ollowing:

r � r ∀ s ,t :s = s and f � F, �8�
s�t� st � � � s�t�
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An�s��

ws�

�
An�s�

ws
∀ s�,t�,n,:s� � s and fs�t� � F and link n

� fs�t� and link n � fst. �9�

Equation (8) ensures the fairness among the flows origi-
nating from the same station, while Eq. (9) ensures the fair-
ness among ingress aggregated flows. The weights are used
to normalize the comparison and thus achieve the weighted
fairness.

For the scenario given in Fig. 1, if Station 4 has twice the
weight of Station 3, it will get two times more bandwidth
than Station 3. In this case, if Station 3 increases its share,
Eq. (9) will not be satisfied.

III. WEIGHTED FAIRNESS IN RPR

In this section, an example of a weighted fairness sce-
nario is provided to demonstrate how the weights on an
RPR ring are utilized.

A service provider offers Internet and video service over
its RPR network using an OC12 ring as shown in Fig. 3. The
provider wants to make sure that there is always enough
bandwidth to accommodate the video requests of the sub-
scribers. The video server is connected to Station 5 and the
Internet connection is through Station 4 on the ring. As-
sume that the service provider is utilizing MPEG4 compres-
sion for a high-definition video service where each connec-
tion is taking approximately 8 Mbps of bandwidth [13].

Also assume that in this scenario, a total of 50 different
channels are being requested by the customers of the video
service. This requires a total of 400 Mbps of traffic to be
originated from Station 5. These video service customers are
connected to Stations 6, 7, and 8 on the ring. At the same
time, some 200 other customers with 1.5 Mbps Internet con-
nection services at Stations 6, 7, and 8 are downloading files
through the Internet, generating a total traffic of 300 Mbps.
For simplicity, other stations will not be included in the dis-
cussion and only the outer ringlet will be used in this ex-
ample. In the case of RIAS fairness, which does not account
for weights, stations on the ring will share the ring band-

Fig. 3. (Color online) Weighted fairness scenario.
idth equally. This means that Station 4 and Station 5 will
dd an equal amount of traffic to the ring when there is con-
estion. This will be the case when there is a total of
00 Mbps video and 300 Mbps of Internet traffic being re-
uested on an OC12 (�600 Mbps net data throughput) ring.
n this case, Station 4 will become the congestion tail, and
tation 5 will become the congestion head. Both Stations 4
nd 5 will add approximately 300 Mbps of traffic each to the
ing. Therefore, the service provider will not be able to ac-
ommodate the requests for 50 different channels. In this
cenario, only 37 different channels can be distributed.

By definition, the issue can be resolved by assigning
eights to the stations on the ring. When there is a conten-

ion for resources, the weights will control the RPR network
peration. The service provider can estimate the maximum
andwidth that will be expected from Station 5. For the sce-
ario being discussed, this is 400 Mbps. Under normal con-
itions, Station 4 will be the next biggest contender for the
ing bandwidth. In the worst case, Station 4 should get the
est of the bandwidth, which is approximately 600–400
200 Mbps of bandwidth. Since the ratio between these es-

imates is 2, a weight of 2 can be assigned to Station 5, while
he weight of Station 4 will remain 1. This setting will en-
ure that customers will be able to enjoy watching 50 differ-
nt programs simultaneously with the other 200 customers
haring the remaining 200 Mbps of bandwidth on the outer
inglet.

The scenario is simulated using the modified Simula RPR
imulator to allow per-station weight adjustment. An OC12
ing that is composed of nine stations is created with 20 km
f distance between every two adjacent stations. Each sta-
ion is configured as a dual-queue station with the aggres-
ive fairness mode enabled. The size of the STQ at each sta-
ion is 512 KB and the “lp_coef” [1] parameter of the RPR
AC is set to 16. Bandwidth is not allocated for ClassA and
lassB CIR around the ring and only fairness-eligible traffic

s generated, i.e., ClassB EIR and ClassC.

Figure 4 shows the total traffic sourced by Stations 4 and
to the outer ringlet starting at time 0.1 s. The available

andwidth is being shared by Stations 4 and 5 equally,
hich is around 300 Mbps, and the total amount of traffic

ourced by all active stations (only 4 and 5 in this scenario)

ig. 4. (Color online) Throughput versus time graph for the sce-
ario where Stations 4 and 5 have equal station weights.
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is approximately 600 Mbps. This behavior is expected as
Stations 4 and 5 have equal station weights.

The scenario is then updated where Stations 4 and 5 are
assigned to weights of 1 and 2, respectively. However, the
stations obtain almost the same amount of ring bandwidth
with the observation that there is some additional oscilla-
tion as shown in Fig. 5.

Before we explain why that is so in the next section, let us
try swapping the locations of the video server and the Inter-
net connection so that Station 4 becomes the video server
and Station 5 provides the Internet connection. The results
are shown in Fig. 6.

Interestingly, this scenario behaves as expected and the
new video server (Station 4) is able to acquire two times
more bandwidth out of the ring than what Station 5 gets.

IV. ANALYSIS OF WEIGHTED FAIRNESS

In this section, we will first investigate the unexpected
behavior of the fairness algorithm upon which an improve-
ment will be suggested.

Since only fairness-eligible traffic is being generated by
the clients, the scheduling decision is among packets from
the STQ of the station and the station traffic. As mentioned
earlier, this decision is controlled by the “addRateOk” of
RPR:

addRateOk = �addRate � allowedRate�&&�nrXmitRate

� unreservedRate�&&�STQ . empty� � � �fwRate

� addRate�&&��STQ . depth� � � stqHighTh���.

�10�

The parameters “fwRate” and “addRate” are the mea-
sured rates of fairness-eligible traffic from the STQ and the
station, respectively. The “allowedRate” is the calculated
fair rate at which the station is allowed to add fairness-
eligible traffic. The “nrXmitRate” is the measured rate of
traffic other than reserved high-priority traffic on the ring-
let. The “unreservedRate” is the difference between the link
rate and the total reserved bandwidth (for high-priority

Fig. 5. (Color online) Throughput versus time graph of the sce-
nario where Station 5 weight is set to 2.
raffic) on the ringlet based on administratively assigned pa-
ameters. The scheduler also monitors the STQ state
“STQ.empty” and “STQ.depth”) and compares the occu-
ancy of the STQ with a administratively defined threshold
alled “stqHighTh” for selecting which packet to transmit.

The first two parameters are not relevant in our example
ince Station 5 is the head of the congestion and there is no
eserved traffic on the ring. So these expressions will always
e evaluated as true in this scenario. The third expression
hecks for the availability of a packet in the STQ. If there is
packet, then it ensures the fair distribution of bandwidth

nless the STQ occupancy has reached the high threshold
evel. The fair distribution in this case is equal bandwidth
or both the transit and station traffic, and this equal distri-
ution is the culprit. When the station is assigned to a
igher weight, it is supposed to get a weighted share out of
he ring.

The current calculation in the IEEE 802.17 standard
hown in Eq. (10) is flawed because it will not allow the cur-
ent node to transmit enough bytes when the “fwRate” and
addRate” parameters are compared even if the node is
iven a higher weight. This will cause the node to slow down
s in Fig. 5 when the node with the higher weight is the con-
ested node. This behavior is not observed in Fig. 6 when
he node with the higher weight is an upstream node. The
eason is that the “allowedRate” (estimation of the fair rate)
n IEEE 802.17 already includes the node weights and in
his case the “fwRate” and “addRate” comparison will not be
valuated to be true if the node is not congested.

Equation (11) shows the improved equation to resolve the
nexpected behavior that includes the administratively as-
igned “localWeight” factor:

addRateOk = �addRate � allowedRate�&&�nrXmitRate

� unreservedRate�&&�STQ . empty

� �fwRate � localWeight

� addRate�&&��STQ . depth � stqHighTh���.

�11�

This modification allows the station to add “localWeight”

ig. 6. (Color online) Throughput versus time graph of the sce-
ario in which the stations of the video server and the Internet con-
ection are swapped.
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number of bytes to the ringlet for each byte forwarded from
the STQ. After updating the “addRateOk” decision in the
model as in Eq. (11), the simulation is run again. The results
are shown in Fig. 7.

These results are in line with the weighted RIAS defini-
tion and the bandwidth is shared according to the weights of
the stations as desired. Station 5 is getting two times more
bandwidth than Station 4 on the ringlet. Specifically, Sta-
tion 5 is adding 400 Mbps and Station 4 is adding 200 Mbps
of traffic to the outer ringlet.

The addition of a new factor in the calculation of the
“addRateOk” parameter as in Eq. (11) requires an addi-
tional multiplication operation in the scheduler. To simplify
the calculation, one can require the weight to be a power of
2 so that simple shift operations can replace the more com-
plicated multiplication logic. Another approach is to add a
new parameter called “weightedFwRate,” and per each byte
transmitted from the STQ, increment the “weighted-
FwRate” with the weight of the station.

There are also other practices a network operator can fol-
low to avoid encountering the scenario discussed above. One
such workaround, as shown in Fig. 6, is to make sure that a
station with a larger weight does not become the head of the
congestion domain. Also, another desirable approach is to
distribute the high throughput servers evenly around the
ring when possible, since this will allow efficient use of both
ringlets and will decrease the contention on the ring.

One last thing to note is the oscillations observed in Fig.
5. This is mainly due to the feedback control mechanism of
RPR in the aggressive mode of operation. Once the STQ
reaches a certain threshold (in the aggressive mode of op-
eration), a station is considered to be congested. At this
point, the station starts transmitting a message with its
own normalized addRate to the upstream stations. When an
upstream station receives this message, it will adjust its
transmit rate to the fair rate (addRate) of the station that
transmitted the congested message. In this case, the video
server transmits half of its own addRate to the upstream
stations due to its assigned weight. The upstream station
that receives the notification slows down to this rate. How-
ever, there are already packets waiting in the STQ of the

Fig. 7. (Color online) Throughput versus time graph of the sce-
nario where Station 5 weight is set to 2 with the updated add-
RateOk calculation.
ongested station, and the scheduler is transmitting those
ackets. Once the station starts letting go of some of those
ackets in the STQ, the station is no longer congested and
tops transmitting its own normalized rate, which in turn
ets Station 4 increase its share on the ring. This mecha-
ism creates an oscillatory behavior in this specific case that
an be smoothed out by increasing the available STQ size,
nd this will result in equal sharing of the ring bandwidth
which is not desired in this scenario). On the other hand, if
he STQ size is decreased, there will be more oscillations
hile the ratio of traffic added by each station will approach

he ratio of station weights.

For a stable network configuration as defined in [4], the
onvergence can be shown analytically for the updated
ddRateOk calculation of Eq. (11) as follows.

Assume unreservedRate is set to the capacity of the line
nd the calculation takes place at the node that is the con-
estion head. By definition, the STQ of the congested node
ill not be empty. Then, Eq. (11) can be reduced to

addRateOk = �fwRate � localWeight

� addRate�&&���STD . depth � stqHighTh���.

�12�

An RPR station will schedule transit or transmit packets
ased on Eq. (12). If the transit packets are not scheduled at
he rate they are coming in, then the STQ will start to build
p. When the STQ hits the stqLowTh threshold, an RPR
tation will start sending out congested messages as defined
n the standard.

As long as the occupancy of the STQ is less than
tqHighTh, the scheduling of the packets will be directly
ontrolled by Eq. (12) and will satisfy

addRate = localWeight � fwRate. �13�

Let C be the capacity of the link. Then, addRate and
wRate also need to satisfy

C = addRate + fwRate. �14�

Based on Eqs. (13) and (14), one can derive the addRate
s

addRate = C � localWeight/�localWeight + 1�. �15�

If a node is congested, it will transmit congested messages
hat will regulate the upstream traffic. The congested mes-
age from the congested node will set the allowedRate of the
pstream stations based on the RPR standard:

allowedRate = addRate/localWeight. �16�

Define x̃ as the effective number of upstream nodes in the
ongested domain; then, the fwdRate can be derived from
q. (16) as

fwRate = x̃ � addRate/localWeight. �17�

Only when x̃ is equal to 1 will both Eqs. (13) and (17) be
atisfied. Therefore, the initial assumption that the STQ is
ess than stqHighTh but higher than stqLowTh will only be
atisfied when there is a single effective upstream flow for a
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stable network configuration as defined in [4].

If the effective number of active upstream stations is
greater than 1, the STQ of the congested station will be
filled up beyond stqHighTh. For this case also, addRate and
fwdRate are bounded by the capacity of the link and need to
satisfy Eq. (14). In addition, by definition, the allowedRate
will be calculated according to Eq. (16). Then, the following
relation can be derived:

C = addRate + x̃ � addRate/localWeight. �18�

Therefore, for the stable network configuration as defined
in [4], the addRate will converge to

addRate = C � localWeight/�x̃ + localWeight�. �19�

Note that if the upstream traffic increases, the addRate
will decrease, which in turn will limit the upstream traffic.
Once the upstream traffic is limited, the additional band-
width will be utilized by the station itself, which will in-
crease the addRate to converge to the value given in Eq.
(19).

V. WEIGHTED FAIRNESS UNDER INSTABILITY

It was shown in [14] that the RPR algorithm can suffer
from oscillations under some special scenarios where the
congested node has very minimal traffic. It is quite clear
that as a result of these oscillations, the network utilization
will go down. In this section, we show how station weights
can solve the underutilization of the network.

The scenario that was introduced in Section IV as shown
in Fig. 3 is modified to create the oscillatory behavior. We
will use the corrected weighted fairness algorithm in the
simulation. Similar behavior was also observed in the origi-
nal fairness algorithm [14].

In this scenario, Station 5 has 400 Mbps, Station 4 has
300 Mbps, and Station 6 has 20 Mbps of traffic, all of which
are destined to Station 7. The service provider still wants to
make sure that Station 5 will get 400 Mbps when needed to
support 50 different channels.

The difference from the previous scenario of Section III is
that the only destination is Station 7 and a new traffic
source, Station 6, is added. Note that all the stations have a
weight of 1. The oscillations are observed as a result of hav-
ing Station 6 adding a very small amount of traffic while be-
ing the congested station at the same time. As Station 6 gets
congested, it advertises its current add rate, which slows
down Stations 4 and 5 more than it should periodically and
hence results in the oscillatory behavior as shown in Fig. 8.

The next scenario has the same traffic pattern but with
different weights for the stations. The weight of Station 4 is
10, the weight of Station 5 is 20, and the weight of Station 6
is 1. In this case, the stations share the bandwidth as de-
sired, and the oscillations are gone as shown in Fig. 9.

Note that the period of the congestion interval depends on
the amount of traffic added to the ring by Station 6 when
other parameters such as ring size and buffer thresholds re-
main the same [4]. When that traffic decreases, the conges-
tion interval will increase. Under this condition, even
hough some oscillations might still be observed, the impact
n the total network utilization will be minimal.

If traffic added by Station 6 increases, the fairness algo-
ithm will function better because the congested node (Sta-
ion 6) will have more traffic to advertise.

The adjustment of weights should not be confused with
tatic bandwidth assignments. The reason is that the
eights will only be active if there is traffic from the node
ith higher weight and there is some congestion down the
ath. Otherwise, the stations that are assigned with smaller
eights will still utilize the unused bandwidth. In addition,

he adjustment of weights is well suited to the current net-
ork architectures where the upload limit for the nodes in

he network is generally much less than the download limit.

Also note that the behavior of the fairness algorithm is
ightly coupled with the STQ thresholds, round-trip time of
he network, and the amount of smoothing of the instanta-
eous measurements [4]. By adjusting these parameters
arefully, the network behavior can be optimized further,
ome of which we will explore in the next section.

ig. 8. (Color online) Throughput versus time graph of the sce-
ario where the weight of stations are set to 1.

ig. 9. (Color online) Throughput versus time graph of the sce-
ario where the weight of Station 5 is set to 20 while the weight of
tation 4 is set to 10.
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VI. SIZING OF SECONDARY TRANSIT QUEUE

The example provided in the previous section shows how
imbalanced traffic can cause oscillations in an RPR network.
The control mechanism of RPR has been very well studied,
and different algorithms have been suggested. However,
these algorithms require deviation from the current stan-
dard.

The previous section provides a means to improve the de-
ficiency by use of weighted fairness. This section will pro-
vide another option for the RPR MAC designer in terms of
queue sizing. Appendix G of the RPR standard [1] provides
implementation guidelines. However, the section does not
provide all the requirements for STQ sizing. Specifically, the
guidelines provided in the standard are not satisfactory for
the underflow case.

While the transit queue sizing has been investigated for
the overflow case [15], it has not been investigated for the
underflow case. It is well known that queue underflow will
result in low utilization of the available bandwidth in a net-
work. In order to prevent the underflow, the STQ needs to be
sized accordingly.

In the standard, the maximum fairness round-trip time
(maxFRTT) is defined as the round-trip time for propagation
of a fairness value around an entire ring and for the first ef-
fected traffic to return to the congested node.

Denote N as the total number of stations on a ringlet. Let
advertisingInterval be the interval on which each station ad-
vertises its own addRate and ringKM be the circumference
of the ringlet, then maxFRTT can be calculated as

maxFRTT = N � advertisingInterval + 2 � �5�s � ringKm�.

�20�

Note that the constant 5 �s is used as the propagation delay
of a signal per km of the medium.

However, maxFRTT does not provide the total delay for
the sizing of the STQ to prevent underflow. There is another
major component that comes from the fairness algorithm of
RPR. When a congested node is no longer congested, it will
start advertising FULL_RATE to indicate the absence of
congestion. The source station will then start incrementing
its allowedRate up to a maximum rate defined as
LINK_RATE. The allowedRate is incremented according to

allowedRate = allowedRate + �LINK_RATE

− allowedRate�/rampUpCoef. �21�

Define agingInterval as the interval a source station incre-
ments its own allowedRate, and define rampUpCoef as an
arbitrary constant. Define the additional delay before a sta-
tion reaches its maximum rate of LINK_RATE as rampUp-
Delay. The rampUpDelay can then be calculated as

rampUpDelay =
agingInterval � LINK_RATE

rampUpCoef
. �22�

The impact of oscillations on link utilization can be re-
solved by correct sizing of the STQ for the underflow case. To
prevent underflow of the STQ, the queue needs to be sized so
hat it cannot be emptied before the feedback control loop
akes effect. Therefore, after the congested station declares
hat it is not congested anymore (which is defined as the
ueueSize being less than lowThreshold), it should have
nough buffer buildup in order to transmit for the sum of
axFRTT and rampUpDelay:

lowThreshold � �maxFRTT + rampUpDelay� � lineRate.

�23�

Rerunning the scenario for instability from Section V by
sing the guideline according to Eq. (23) for correct sizing of
he STQ generates the results shown in Fig. 10.

As shown in Fig. 10, the oscillatory behavior for the total
raffic received from all stations is not there anymore, and
he link utilization is at 100%. There are periodic interrup-
ions to the traffic sourced from Stations 4 and 5. The oscil-
ations occur as a result of the already buffered traffic at the
pstream stations while these buffers are being depleted
uring traffic adjustment periods.

As long as a system has enough buffering and the traffic
an tolerate jitter, one can utilize the additional buffer for
he fairness-eligible packets and prevent oscillations at the
estination to provide maximum utilization of the network.
owever, if the buffers are not available at the MAC client,

hen one can always utilize the mechanism described in the
revious section via weighted fairness parameters and com-
letely eliminate oscillations.

VII. CONCLUSION

This article has discussed and explained the use of
eighted fairness in an RPR network. It has extended the
efinition of ring ingress aggregated fairness by incorporat-
ng weights into the formulation. Performance evaluations
y using the latest version of the IEEE 802.17 RPR stan-
ard have demonstrated how the bandwidth is shared by us-
ng different weights. In particular, we have identified a
aw and suggested improvements to circumvent that flaw
s substantiated by the simulation results and proof of con-
ergence. In addition, we have shown that by adjusting vari-

ig. 10. (Color online) Throughput versus time graph of the sce-
ario with buffer threshold at Station 6 adjusted for underflow.
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ous parameters already available in the fairness algorithm
of IEEE 802.17, one can eradicate the oscillatory behavior
under certain scenarios. Furthermore, we have shown that
by providing the right queue size for the network, the utili-
zation can be improved because the feedback loop works
more efficiently.
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