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Abstract—In this paper, we investigate the use of cooperative
transmission strategies to support timely and efficient delivery of
on-demand content to end users. Within the proposed framework,
a cooperative transmission strategy suggests that users who have
access to the requested content cooperatively transmit to the targeted
user(s) to minimize the servicing requirements at the server side
and to improve the scalability performance in the network. Through
extensive simulation-based studies, we show that significant performance improvements can be achieved with the proposed framework
to enable efficient access to an ever growing on-demand content.

I. I NTRODUCTION
In recent years, user demand for the delivery of broadcast
content over IP infrastructure has seen a significant increase [1].
Furthermore, through rapidly evolving server-assisted on-demand
content delivery services, live broadcast services, and peer-assisted
on-demand streaming services, we have observed a substantial
increase in the amount of content that is immediately made
available to the end users [2–4]. Due to this mutually evolving
content delivery cycle, the amount of bandwidth required to timely
service the user requests has also seen a significant increase [5, 6].
To continue to support the diverse service quality requirements for
the continually increasing user demand, it is of critical importance
to come up with resource efficient content delivery techniques.
For on-demand delivery systems, a substantial portion of the
network load can be attributed to the most popular content. That
is because, as the popularity of the content increases linearly, the
number of users receiving such content increases exponentially
[7–10]. To overcome the sudden increase in user demand, caching
policies are typically utilized to distribute the load in the network
by giving higher priority to the delivery of more popular content.
However, as the number of users increase beyond a certain threshold, even the distributed caching policies can become inefficient to
handle the requested load. Considering the bandwidth requirements
for the received requests and the activity duration associated with
the content requested, it becomes necessary to further distribute the
network load to more efficiently manage the available resources.
To achieve these objectives, we propose a cooperative-diversity
driven content delivery framework that utilizes session peers to
efficiently distribute the network resources. Specifically, in the
proposed framework, the users that have immediate access to the
requested content transmit together with similar users to maximize
the resource usage efficiency in the network. In wireless networks,
cooperative diversity is essentially utilized to minimize the energy
consumption in the network, and, in doing so, maximize the
network lifetime [11]. However, because of the oftentimes ad-hoc
nature of the network, wireless cooperation is typically limited
to the use of individual nodes, and as a result, performance
improvements strongly depend on the network topology. Wireline
networks, on the other hand, do not possess such limitations,
because of the typical use of dedicated servers to support the
content delivery process, thereby offering significant advantages to
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accommodate the system needs. In short, in our study, we apply
the cooperation principle on wireline-based on-demand content
delivery systems to achieve the following objectives: (i) maximize
the servicing capacity in the network by minimizing the servicing
overhead through the dedicated server, and in doing so, significantly improve the scalability performance of the network, and
(ii) increase the operational lifetime of the network by distributing
resources to session peers as fairly as possible. 1
To achieve our objectives, we propose the Cooperative Weighted
Fair Queueing (C-WFQ) technique, which fairly and efficiently
allocates the peer resources to the ongoing sessions. The analysis
of the proposed framework shows the significant advantages of
utilizing cooperative diversity principle in on-demand content
delivery networks.
The rest of the paper is organized as follows. In Section II we
present our system model. We discuss the algorithmic details of
the C-WFQ technique in Section III. We analyze the performance
of the proposed cooperative delivery framework in Section IV.
Section V concludes our paper.
II. S YSTEM M ODEL
Assume that there are k + 1 users that request session sj ’s
multicast within a certain timeframe, which we refer to as ∆T and
which initiates with a user request. The request times are given by
Treq,ij , where 1 ≤ i ≤ k + 1 and (Treq,ij − Treq,1j ) ≤ ∆T ,
∀i ∈ sj . Ideally, each user is expected to join the targeted
session’s multicast at the time of request. However, since the ondemand content is typically delivered as a whole, starting from
the beginning, it becomes impractical to initiate a session for each
received request, especially when the sessions are long and the
requests arrive on a frequent basis.
To circumvent these limitations, we propose the cooperative
delivery framework shown in Figure 1, where, after a client makes
a session-join request to the dedicated server, it also joins the
source multicast. 2 To guarantee an almost instant playout, earlier
transmitted packets (through the session multicast) are delivered
to the client at a rate that at least equals the source multicast
rate. 3 To deliver these packets, the proposed architecture uses
the session peers. Specifically, each user that has partial/complete
access to the requested content becomes a potential source for the
cooperative delivery process. In short, for all received requests,
two delivery sources exist, i.e., session peers and the dedicated
server. However, dedicated server is only used to compensate for
1 Here, the term operational lifetime may refer to measures such as the willingness or capability of users to cooperate. For instance, if each user has a limited
uplink budget (e.g., X bytes per month), then unfair resource allocation may cause
some users to consume their budget earlier, thereby, limiting cooperation gains.
2 In Figure 1 Req represents the session join request made by ν , S
i
i
dataS→i
represents the server data delivered to user νi , and Pdatai→{j,k} represents the
peer data delivered from νi to νj and νk .
3 In our framework, clients are assumed to have a downlink capacity of > 2 ×
WM , where WM represents the source multicast rate.
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Cooperative transmission framework.

the lack of resources at the user side, when the session peers cannot
provide the sufficient resources required to achieve the minimum
delivery requirements for the given request. In our framework, we
define the minimum delivery requirements as follows:
• The latency for decoding the requested on-demand content
should be equal to (if not less than) the latency associated
with unicast delivery. 4
An important parameter of choice for the proposed architecture
is the ∆T parameter, which represents the minimum waiting time
for the content delivery server to create a new multicast session.
As the multicast session length increases, it becomes crucial to
establish breathing instances in time, where the system generates
a new multicast session to accommodate for the needs of the
newly arriving requests without violating the system constraints.
If the ∆T value is not properly assigned, clients may experience
huge, and oftentimes unacceptable, session initialization delays.
Choosing a small/large value for ∆T determines how efficiently
system resources are allocated among session peers and the
dedicated server. For instance, by choosing a large value for ∆T ,
we would be increasing the burden on the session peers, whereas,
by choosing a small value for ∆T , we would be increasing the
burden on the dedicated server. In short, to optimize the resource
usage efficiency in the network, we need to carefully study the
relationship between request arrival process and ∆T value, and
evaluate the associated tradeoffs.
We next give an in-depth overview and analysis of the proposed
cooperative content delivery technique that aims to improve the
resource usage efficiency in the network.
III. C OOPERATIVE W EIGHTED FAIR Q UEUEING (C-WFQ)
A PPROACH
Cooperative Weighted Fair Queuing (C-WFQ) approach is a
dynamic resource allocation technique that focuses on the individual transmission subperiods to assign peer resources to the
received requests. 5 As its name suggests, C-WFQ is a weightbased resource allocation technique, which uses the dynamically
assigned user weights to determine the session peers’ contributions
during a cooperative delivery phase.
C-WFQ initializes by assigning unit weight to each user that has
newly joined the currently active session. Then, at the beginning
4 Specifically,

of each transmission subperiod, it recalculates the user weights
based on the earlier peer contributions, for the given session. Here,
since a session peer’s contribution is not limited to a specific
timeframe, after each request, we probe all the available peers
to request their support. Additionally, each session peer is allowed
to service multiple requests at once, as in the case of Weighted
Fair Queuing, by properly distributing the available resources to
all the active requests.
We illustrate the operation of the C-WFQ approach in Figure 2
(from the user νl ’s perspective), where we assume the following:
processing of all requests received before the (k − 1)th request
finishes by the time (k −1)th request is made. At each new request
arrival or service completion event, available resources at νl are
reallocated to the active requests. We next explain in detail the
operation of the proposed delivery framework.
Arrival of new requests
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Servicing periods for session peer νl

Fig. 2.

Transmission events for the C-WFQ approach.

Assume that user νi makes a request for session sj at time
Ti,j . For each session, the counter that represents the user count
starts at 1, hence, by Ti,j , the number of additional requests that
arrive for sj is equal to i − 1. For the time being, let us also
assume that users have unlimited bandwidth capacity along the
downlink channel, allowing any number of session peers to be
utilized during the content delivery phase. We can therefore use
the following equation to find the weights for peer contributions:

+ !βi,k
Bj,max − Bk (Ti,j )
ωk (Ti,j ) =
(1)
Bj,max
where, for k < i, ωk (Ti,j ) represents the weight assigned to user
νk at time Ti,j , Bj,max represents the maximum amount of data
each session peer is allowed to deliver during the lifetime of sj ’s
multicast, Bk (Ti,j ) represents the contribution from νk by Ti,j ,
and βi,k > 1 represents the normalization metric assigned to νk for
νi ’s request. 6 Therefore, by choosing a βi,k value that is greater
then 1, the more a session peer contributes, the faster its weight
decreases, eventually converging to 0.
After νi makes a join request to receive session sj at time Ti,j ,
we can determine the size of expected delivery from each session
peer by using the following equation:
wk (Ti,j ) × WM × (Ti,j − T1,j )
Dk,i =
(2)
Pi−1
l=1 wl (Ti,j )
where, for k < i, Dk,i represents the amount of data that νk is
expected to deliver in response to νi ’s request. Note that, since
client νi joins the session multicast immediately, session peers are
only expected to deliver the data that corresponds to the timeframe
[T1,j , Ti,j ]. 7
6 ⌈x⌉+

user perceived decoding latency performance should assume as if
the content is delivered through a unicast streaming server dedicated to servicing
each user’s request independently.
5 Here, a transmission subperiod initiates after a new request is received or the
servicing of an earlier request finishes

... Reqk-1

= max(x, 0).
that, in practice, the delivery of the session multicast can at the earliest
start at time Ti,j + TJ , where TJ represents the session join latency. For the
sake of simplicity, and since its value is much less than the duration of a typical
delivery timeframe (e.g., 0.1s to tens of seconds), we omitted its impact in our
calculations.
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7 Note

We next determine how to effectively distribute the available
peer resources to multiple requests’ use. Since C-WFQ allows session peers to target multiple clients at once, if resource availability
at a session peer is not sufficient to deliver the requested content
at the desired rate, then a resource reallocation policy is needed
to make the best use of the available resources at the given peer.
For that purpose, we use the following methodology.
We initiate the resource reallocation phase by finding the
minimum required delivery rate for each session peer (at the time
of user νi ’s session join request) as follows:
Dk,l (Ti,j )
Wkl,min (Ti,j ) =
(3)
(Tl1,j − Til,j )
where for k < l and i > l, Wkl,min (Ti,j ) represents the minimum
required delivery rate for session peer νk in response to νl ’s
request at time Ti,j , Dk,l (Ti,j ) represents the updated value for
the expected
 delivery from νk to νl at Ti,j , and Til,j equals
Ti,j − Tl,j . 8
Next we determine the total amount of resources that νk needs
to allocate for the active requests it has received at the time νi
makes its join request:
′
Wk,min
(Ti,j ) =

i
X

Wkl,min (Ti,j )

(4)

l=k+1
′
where Wk,min
(Ti,j ) represents the minimum required delivery rate
by νk at Ti,j .
We can then calculate the initial rate assigned by νk to each
active request it has received as follows:


(k)
′

Wu − Wk,min
(Ti,j )

 P



∗
∗


∀m ζk,m /ζk,l

′


Wk,min
(Ti,j )
+W
(T
)
if
<1
kl,min
i,j
Wk,l (Ti,j ) =
(k)
Wu





(k)


Wu



otherwise
P
∗
∗
∀m ζk,m /ζk,l
(5)
(k)
where Wu represents the available
uplink
capacity
at
user
ν
k,

∗
ζk,l
equals γk,l × Wkl,min (Ti,j ) , and γk,l represents the weight
assigned to νl ’s request at νk . Here, weight parameters are mainly
used to prioritize certain requests, for instance, requests with
shorter deadlines (i.e., earlier received requests) or higher resource
needs (i.e., latest received requests). The default value for γk,l is
equal to 1.
We next update the initially assigned weights based on the
overall resource availability for each active request to further
reduce the server contribution. Specifically, assume that, for νl ’s
request, the amount of available resources at the session peers is
given by:
X
ckl,min (Ti,j )
Υl (Ti,j ) =
W
(6)
∀k∈C(l)

where C(l) represents the cooperation set for νl ’s request and
ckl,min (Ti,j ) is determined as follows:
W
ckl,min (Ti,j ) = W (k) × P Wkl,min (Ti,j )
W
u
∀m Wkm,min (Ti,j )

(7)

8 Note that, a similar process is used to update the delivery rates after the
servicing of a request finishes.

Assume that WM,l (Ti,j ) represents the minimum delivery rate
requirement for νl ’s request at time Ti,j 9 . Since we aim to
minimize the resource usage rate at the server side, we first
determine whether Υl (Ti,j ) is less than or greater than WM,l (Ti,j )
and by how much its value differs from WM,l (Ti,j ) (i.e., γl (Ti,j ) =
|Υl (Ti,j ) − WM,l (Ti,j )|). If, for instance, Υl (Ti,j ) > WM,l (Ti,j ),
then we can allocate a portion of these resources, which amounts
to γl (Ti,j ) bits per second, to other requests without violating
the service quality requirements for νl ’s request. Assume that Γ+
represents the set of requests, for which the available resources
at the session peers are more than sufficient to satisfy the service
quality requirements (i.e., ∀l ∈ Γ+ , Υl (Ti,j ) > WM,l (Ti,j )), and
similarly, Γ− represents the set of requests, for which the available
resources at the session peers are not sufficient to satisfy the service quality requirements (i.e., ∀l ∈ Γ− , Υl (Ti,j ) ≤ WM,l (Ti,j )).
We can then determine the total amount of resources that can be
reallocated to other requests as follows:
X

Υ+ =
Υl (Ti,j ) − WM,l (Ti,j )
(8)
∀l∈Γ+

Since the server is used to support the delivery process only if
the session peers cannot deliver at a rate that would ensure the
timely delivery of the requested content, to minimize the amount
of resources delivered through the dedicated server, we need to
ensure that, at any given point in time, each request can be serviced
at least at the minimum required rate. Hence, we can determine
the additional resources that would initially be requested from the
server at Ti,j as follows:
X 
+
(9)
WM,l (Ti,j ) − Υl (Ti,j )
Υ− =
∀l∈Γ−

Note that, if Υ+ > Υ− , then resource requirements for all
the available requests can be met without requesting additional
assistance from the dedicated server. 10 In short, resources at the
session peers are reallocated as follows:
"

−
+


ckl,min (Ti,j ) × 1 − min(Υ , Υ )

W


Υ+


#



 
WM,l (Ti,j )
∗
if l ∈ Γ+
Wk,l
(Ti,j ) = × 1 −
Υ
(T
)

l
i,j








ckl,min (Ti,j ) × WM,l (Ti,j )
if l ∈ Γ−
W
Υl (Ti,j )
(10)
After the resources are reallocated at the session peers, we also
need to make sure that the local bandwidth constraints
at the
P
∗
session peers can be met. For instance, if at νk , ∀l Wk,l
(Ti,j ) >
Wu,k , then we need to reduce the delivery rates assigned by
νP
k to each of its active requests. In a similar way, if at νk ,
∗
∀l Wk,l (Ti,j ) < Wu,k , then it becomes possible to assign more
resources to the active requests at νk . For that purpose, we use
a recursive procedure that reallocates the resources at the session
peers until no session remains with additional resources requested
from the server side, or no additional resources can be delivered
from the peer side.
Finally, allocated resources at the session peers need to be
updated whenever the servicing of a request finishes and the
9 At the limit, when the resources at the session peers are barely enough to
service all the active requests, WM,l (Ti,j ) is expected to be equal to WM .
10 The given statement is valid as long as the session peers have full access to
the requested resources.
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TABLE I
S IMULATION PARAMETERS

100 min.
5 × κ min., where κ ≤ LS /5
15 M bps
1 M bps
3 M bps
1/20 reqs/sec
2 × LS × WM bits
2 × Wu /WM × Bmin bits

Mean server overhead (bps)

LS
∆T
Wd
Wu
WM
λS
Bmin
Bmax

5.5

resources used by the given request are released at the session
peers. For that purpose, a similar procedure is used to redistribute
the released resources to the active requests starting with the
request that receives resources through the dedicated server at the
highest rate.
IV. P ERFORMANCE A NALYSIS
In this section, using a simulation-based study, we investigate
the performance of the proposed content delivery framework when
the request arrival process is modeled by using the (homogeneous)
Poisson process. We list the simulation parameters in Table I. Here,
LS represents the session length, ∆T represents the average time
spacing between two successive sessions, Wu (or Wd ) represents
the average servicing capacity along the users’ uplink (or downlink) channel 11 , WM represents the delivery rate for the source
multicast, λS represents the mean arrival rate for the session join
requests, and Bmin represents the maximum amount of data that
can be delivered (at the source multicast rate) during the activity
lifetime of a session. 12 The value of Bmax is chosen to ensure that
client νi that transmits continuously during the lifetime of session
sj ends up with a weight of wi (T1,j + 2LS,j ) ≥ 0 by the end of
sj ’s activity lifetime.
In our study, we mostly focus on the following performance
measures: average and maximum servicing overhead, synchronization latency, and fairness index for peer-bandwidth usage. In
our framework, synchronization latency refers to the delivery time
of unicast-transmitted session data, and we use fairness index to
measure how resources are distributed to session peers. To obtain
the fairness results we use Jain’s fairness index, which is defined
based on the following equation [12]:
2
P
Nj
B
(∆T
)
i
j
i=1
(11)
Fν,j =
PN j
Nj × i=1
Bi (∆Tj )2
where Fν,j represents the level of fairness observed in bandwidth
usage for peers connected to session sj , and Nj represents the
number of peers connected to session sj during the same period
(i.e., ∆T ). The value of Fν,j ranges from 1/Nj (worst-case
scenario) to 1 (best-case scenario). 13
We first analyze the overhead performance at the dedicated
server. In Figure 3 we show the results corresponding to the
average servicing overhead, E[WS ], as we vary the value of ∆T .
We observe that the resource optimal results are achieved when
11 W represents the available bandwidth at the user side to service the received
u
requests. In reality, to prevent local congestion, the value of Wu is expected to be
less than the uplink servicing capacity at the user side. However, for the sake of
simplicity, we assume their values to be equal.
12 Since a request that arrives at t needs to be serviced by 2 × (t − T ), where
1
T1 represents the starting point for the session’s multicast, the maximum delivery
duration for a session is given by 2 × LS × WM , when ∆T attains the highest
possible value of LS .
13 Worst-case scenario is attained when only one peer delivers data, whereas,
best-case scenario is attained when all peers deliver the same amount of data.
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Fig. 3.

Bandwidth utilization at the dedicated server when LS = 100 minutes.

∆T is around 20 minutes (i.e., ∆T ∗ ≈ 20). Based on these
results, we can explain the relationship between servicing overhead
and ∆T parameter as follows:
∗
• ∆T < ∆T → the number of multicast streams for the given
session is increased unnecessarily, causing multicast portion
of the server traffic to dominate the overall servicing overhead
at the server side.
∗
• ∆T > ∆T
→ the desired usage rate for the session
peers during synchronization phase is increased unnecessarily,
forcing the dedicated server to increase its unicast-based
servicing rate faster than it decreases the multicast-based
servicing rate.
Furthermore, when the interarrival times between consecutive
join requests are exponentially distributed, we can approximate
the mean servicing overhead at the dedicated server as follows:
"

WM
(ρ − 2)(ρ − 1)
E[WS ] =
×
+ 2ρ2 + ρ − 4
2
4ρ
µS /∆T
#
ρ2 (LS − 2µS ) + µS (3ρ − 2)
(12)
+
∆T /2
where µS equals 1/λS and ρ equals WM /E[Wu ]. 14
We show the theoretical results in Figure 4(a) as we vary
the value assigned to ρ. The results coincide nicely with our
simulation-based results that assume ρ = 3.
Then, using (12) we can determine the resource optimal ∆T
parameter as follows:
s
!
2LS × ρ2 /λS
∗
∆T = min
, LS
(13)
(ρ − 2)(ρ − 1)
In Figures 4(b) and 4(c), we illustrate the relationship between
the resource optimal ∆T ∗ parameter and the session length. We
observe that, for all the considered scenarios, as we increase the
value of LS , the ratio of ∆T ∗ /LS starts to converge, where the
point of convergence is inversely proportional to the value of ρ.
Furthermore, the value of ∆T that achieves the minimum servicing
overhead introduces a fairly limited increase in overhead at the
client side. Therefore, the selected ∆T ∗ value presents a good
tradeoff point between server overhead and peer contribution.
14 Due to space constraints, we only present the results that correspond to the
following scenario: ρ > 2.
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which the results are shown in Figure 7. We observe that as
we increase the value of ∆T , max-to-mean usage ratio initially
experiences a sharp increase in value, after which it starts to
converge, to a value of 3.5. The results also illustrate the relative
impact of unicast- and multicast-based overhead on the overall
server capacity usage. Note that, since the max-to-mean server
capacity usage ratio experiences a converging trend, depending
on the selected ∆T value, service provider can effectively use
this relationship to pre-allocate its resources to different sessions
with the objective of optimizing the overall capacity usage in the
network and minimizing the overall servicing cost.
Maximum to mean server capacity usage

Another advantage of the proposed framework is that it scales
reasonably well in the number of requests. We show the results
that correspond to the impact of varying request arrival rate in
Figure 5(a). We observe that the minimum servicing overhead at
the server side increases at a rate proportional to ≈ k α , where k
represents the rate of increase observed in the request arrival rate
and α represents the scaling factor with a value of ≈ 0.46. For
instance, increasing λS by 100 leads to an ≈ 8.5 times increase in
the servicing overhead. Furthermore, as shown in Figures 5(b) and
5(c), increasing the request arrival rate also causes a noticeable
decrease in the ∆T ∗ and ∆T ∗ /LS values, e.g., doubling λS
reduces ∆T ∗ by 30%. As a result, we also observe a noticeable
decrease in the peer capacity usage. That is because, even though
the peer capacity available per request does not change, the amount
of data that needs to be delivered per request reduces at the same
ratio (around 30%).
Another important statistical measure for the proposed framework is the distribution for the maximum bandwidth usage at
the server side (per session), for which the results are shown in
Figure 6(a) for the unicast capacity usage and in Figure 6(b) for
the overall capacity usage (including both unicast and multicast).
Since the maximum bandwidth usage at the server side illustrates
the worst-case resource allocation scenario (as perceived by the
service provider), we need to carefully examine the distribution of
such values so as to optimize the servicing cost at the server side,
especially when multiple sessions are taken into consideration. The
simulation results suggest that, in general, capacity usage shows
an increasing trend as the value of ∆T increases. However, the
results do not deviate significantly from the mean, suggesting a
stable performance.
We next study the relationship between maximum bandwidth
usage at the server side and the mean servicing overhead, for

4
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Fig. 7.

Max-to-mean server capacity usage ratio.

We next investigate the synchronization latency performance of
the C-WFQ approach. In our simulations, we observe that less
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than 1% of requests are delivered earlier to the clients. 15 In
other words, almost all the requests are delivered at the request
deadline, which coincides with the objectives stated for the CWFQ approach. Specifically, since the C-WFQ approach aims to
deliver the requested packets within the deadline by distributing
peer resources to multiple requests at once, oftentimes minimal
resources are utilized (at the peers) for each active request to
allow for efficient servicing of the received requests. Additionally,
for the requests that are processed earlier, Figure 6(c) shows the
variations observed in the perceived latency values as we vary ∆T .
We observe that as we increase the value of ∆T , we reduce the
synchronization latency (from ≈ 15% at ∆T = 5 min. to ≈ 3%
at ∆T = LS ), which is expected as increasing the value of ∆T
also increases the total amount of data that needs to be delivered
per session peer. As the session peers hit the the uplink capacity
barrier faster at higher ∆T values, session peers start to reduce the
bandwidth they allocate per request to a value around or less than
the minimum required servicing bandwidth for the given request.
As a result, with the help of the dedicated server, most of the
received requests are serviced at the minimum required delivery
rate.
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Fig. 8. User fairness results when LV oD = 100 minutes.

Lastly, we illustrate the fairness performance of the C-WFQ
approach in Figure 8. In general, we observe fairly good results
for the fairness performance, which attains a value of above 0.9
when ∆T ≈ ∆T ∗ . The results improve as we increase the value
of ∆T , however the level of improvement is limited above ∆T ∗
15 Specifically, we find that on average 9.26 × 10−2 % of the received requests
are delivered earlier, when the C-WFQ approach is used.

as the values start to converge (e.g., converge to a value of ≈ 0.91
in Figure 8).
V. C ONCLUSION
In this paper, we proposed a novel cooperative delivery framework for the delivery of on demand content in IPTV networks.
To achieve the desired performance improvements in network
scalability, we utilized session peers for content distribution. To
improve the fairness performance for the peer contributions, we
proposed a dynamic resource allocation scheme that adapts the
delivery rates for the received requests depending on the earlier
contributions and the user weights. Through extensive simulation
studies, we analyzed the most critical performance measures for
the proposed framework and showed significant improvements in
servicing overhead, while achieving very good fairness results.
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