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Game Theory DVB-RCS2 Return Link Fairness
Optimization Based on Timeslot Information

Payload
Pedro H. A. Trindade, Leonardo Aguayo, Alexander Wyglinski and Renato F. Iida

Abstract— This paper introduces a novel algorithm modifica-
tion for the conventional game theory-based time slot assignment
method applied to the Digital Video Broadcast Return Channel
via Satellite (DVB-RCS) system. The procedure considers the
spectral efficiency as a weighting parameter for the resulting
convex optimization problem of the Nash Bargaining Solution.
This approach guarantees the fulfillment of Quality of Service
(QoS) constraints while maintaining a higher fairness measure;
results show a 5% improvement in fairness, with a 73% decrease
in the standard deviation between frames, also managing to reach
a 12.5% increase in individual terminal capacity distribution
satisfaction.

Keywords— DVB-RCS2, Satellite Communications, Game The-
ory, Nash Bargaining Solution, MF-TDMA Optimization.

I. INTRODUCTION

Satellite networks are expected to play a vital role in 5G
and beyond communications systems, especially in the context
of hybrid terrestrial-satellite networks. Optimization of radio
resources in the uplink is fundamental to coping with data rate
requirements within a machine-to-machine (M2M) scenario.
The ETSI Digital Video Broadcasting-Satellite (DVB-S) stan-
dard presents advances for the forward link with DVB-S2X [1]
via new modulation and coding (MODCOD) schemes with
high spectral efficiency. For the return link, DVB-RCS2 [2,
3] offers an advanced and flexible configuration for multiuser
access Multi-Frequency Time Division Multiple Access (MF-
TDMA) framework. This work addresses the optimization of
multiuser allocation in the MF-TDMA structure considering
different user priorities and the MODCOD options allowed
by the RCS2 standard.

In Section II, we give an elementary description of the
satellite network elements, focusing on the DVB-RCS2 return
link timeslot (TS) assignment; in Section III we discuss the
previous studies in satellite networks frame optimization, then
in Section IV we describe the mathematical model for the
previously specified variables. Section V details the Nash bar-
gaining solution for the game theory distribution of resources
in a DVB-RCS2 frame, informing our proposed modifications;
Section VI refers to all implementation tools used and the
essential parameters for replication. Finally, sections VII and
VIII presents the results and conclusions for the simulated
scenario, highlighting further development.

II. SYSTEM OVERVIEW

The DVB-RCS2 specifies a network control center (NCC)
that communicates through a satellite relay with multiple
return channel terminals (RCSTs). In the forward link, the

NCC periodically sends messages to the RCSTs, such as
the MF-TDMA structure and the MODCOD schemes, based
on the RCSTs channel conditions. The RCSTs respond with
packet bursts in their allowed time and frequency slots within
the MF-TDMA structure. RCS2 allows Adapting Code and
Modulation (ACM) and Dynamic Rate Adaption (DRA) [4,
5] to improve spectral efficiency. RCST’s transmission param-
eters, such as code rate, modulation order, and symbol rate, are
based on NCC’s estimates of signal to noise plus interference
ratio (SNIR). It is a bandwidth-on-demand solution, where the
NCC must calculate the number of resources to assign to each
corresponding terminal, characterizing a Demand Assigned
Multiple Access (DAMA). RCS2 allows four different types
of assignments:

• Constant Rate Assignment (CRA): Requires a constant
rate, based on the Service Level Agreement (SLA) be-
tween the RCST and the service provider.

• Rate Based Dynamic Capacity (RBDC): The RCST re-
quests a certain bit rate constraint to be met that remains
effective until updated.

• Volume-Based Dynamic Capacity (VBDC): The RCST
use this capacity request when it knows the amount of
data to transmit, making a request based on the volume
of data and not on data rate.

• Free Capacity Assignment (FCA): In this modality, with-
out an RCST request, the NCC assigns the surplus of
capacity not allocated in the current scheduling iteration.

Here, we consider allocating the superframe (SF) structure
inside the MF-TDMA hierarchy, where the BTU (bandwidth-
time unit) is the minimum allocation unit in the time-frequency
grid. An RCST is assigned to a timeslot (TS) composed of one
or more BTUs. Different MODCODs require TSs of different
sizes due to their different payloads.

RBDC and the VBDC are the only types of requests in
which there is a possibility of defining a scheduling strategy
that optimally assigns users in an SF. Optimal in this context
means that (i) the allocation is fair in the sense of the
Jain fairness index as described in Eq. (4); (ii) the QoS
requirements are met, and (iii) the BTU resources are not being
wasted. We look for optimal allocation algorithms, having
both a fair distribution to each RCST and a feasible data-
rate efficiency while maintaining low operational complexity.
Computational speed is relevant because the NCC must broad-
cast the complete specification of RSCT’s TSs through the
Terminal Burst Time Plan Table (TBTP) at every SF. Typical
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SF duration is between 100 ms and 1 s, e.g. 256 ms in [6].

III. RELATED WORK

Different approaches were considered to optimize the MF-
TDMA resource allocation in DVB-S systems, such as op-
timizing power allocation in multi-beam satellites [7]. Ref-
erences [8, 6] present a game-theoretic approach to solving
the Nash bargaining problem with Lagrange multipliers. [9]
employs a buddy-fit algorithm and [10] proposes an algorithm
to analyze the spatial constraints and interference patterns in
the satellite configuration.

This paper relies on a different approach on the game-
theoretic solution, solving the general problem described in [8]
using RCST’s SNIR, which defines its MODCOD and thus
its information payload per BTU (2). The strategy leads to a
means to prioritize the resource distribution in the dimensions
of the SF, concerning not only the minimum requirements of
quality of service (QoS) but also optimizing fairness.

IV. SYSTEM MODELING

This section describes the modeling aspects of the DVB-
RCS2 implementation, focusing on the notation of necessary
parameters and simplifying assumptions.

To simulate the birth and death of RCSTs, the ones attempt-
ing to enter the network are organized in a queue. Arrivals
are modeled as a Poisson random variable, with parameter λ
as the mean arrival rate per SF in the system, which defines
the system traffic intensity, affecting the resource distribution
performance.

Assigned to the i-th RCST (i ∈ {0, 1, · · · , N − 1}), there
is a tuple of parameters: a volume of data Vi to deliver before
leaving the system; a minimum required data rate to meet the
QoS requirements di (in BTUs/s per SF); an expected data
rate Di (also in BTUs/s per SF); a burst length wi (BTUs);
an allocation priority pi; and an information efficiency ηi
(bits/symbol), defined by a finite set of waveform IDs in [11,
pg.179]. We also consider the time duration of an SF to be
1 second. This way, di and Di are numerically equal to the
number of BTUs allocated in an SF, while using the relative
measurement of an SF period TSF in BTUs/s.

An SF is modeled as a grid of NSF = TSF ×KSF BTUs.
The i-th allocated RCST will receive φi BTUs per SF, no
less than the minimum required di and no more than the
expected Di. The number of allocated users is determined
by the maximum number of allowable RCSTs in an SF that
still meet the minimum QoS requirement di. Assuming that an
RCST can only use one frequency channel concurrently, the
maximum resource allocation is limited by TSF in the time
domain of the SF.

Also, RCSTs are served in order of arrival: if an RCST is
not allocated in the current SF, it maintains its position in the
queue until eventually be served in the following SF.

The expected BTU rate Di is modeled as Di = αdi,
where α ∈ [1, αmax] is a truncated Gaussian random variable,
with parameters (µ, σ) and αmax = TSF /di, which was a
design choice to emulate a real case scenario, as the proposed
algorithm performance depends on the dispersion of the Di

distribution. The αmax value is such that the expected BTU

rate does not surpass the maximum possible allocation in a
ACM channel. This formulation models a random data demand
of bandwidth by the terminals. Parameter α has distribution

p(α) =


1

p̂
√

2πσ
exp

[
− (α− µ)2

2σ2

]
, 1 ≤ α ≤ αmax,

0, otherwise,
(1)

where p̂ is a normalization factor such that
∫ αmax

1
p(α)dα = 1.

With this truncation, in general E[α] = ᾱ 6= µ, but we have
considered a range of values µ and σ such that the difference
can be disregarded.

We also consider the total useful information per BTU

qi = ηi × TBTU (2)

in bits per BTU, where TBTU is the length of a BTU in
symbols. The value qi is the amount of allocated BTUs that
carries data information bits, disregarding control/redundancy
bits. The information payload of the allocation is thus φ∗i =
qiφi, as depicted in Fig.1.

Information
Payload

Fig. 1. Allocation range (di, Di) and the information payload φ∗i in a TS.

When we take into account all the RCSTs, we define the
allocated resource distribution vector in an SF as

φ , (φ0, φ1, · · · , φN−1), φi ∈ R ≥ 0. (3)

Fig. 2 illustrates the SF when filled by φ. The φi allocated
to an RCST is always a multiple Ni of the BTU size TBTU.
In frequency, it occupies a fixed multiple Li of the BTU
bandwidth BBTU.

The fairness of an allocation can be measured with the Jain
fairness index [12]

J(φ) =

(
N−1∑
i=0

φi
Di

)2
N

N−1∑
i=0

(
φi
Di

)2 =

(
N−1∑
i=0

φ̂i

)2
N

N−1∑
i=0

φ̂i
2
, (4)

where φ̂i = φi

Di
, the normalized BTU distribution, is the

ratio between the capacity an RCST requests and the capacity
it receives. φ̂i can be interpreted as a measurement of the
satisfaction an RCST experiences after receiving φi BTUs
from the NCC’s scheduler. The Jain fairness index measures
then the perceived average fairness of the resource allocation,
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Time

Frequency

Fig. 2. Distribution of BTU resources φi in a DVB-RCS2 SF. All φi occupies
the same bandwidth in an SF.

and it is dependent on the coefficient of variation of a given
distribution vector. There is a large body of literature about
fairness metrics [13] and different ways to construct a custom
fairness measure [14] to highlight certain aspects of a given
distribution. We chose the Jain index as the benchmarking
fairness metric as a means to suit with past analysis of the
game theory bargaining solution for resource allocation in a
satellite communication system.

V. PROPOSED FRAMEWORK

When solving resource allocation problems involving mul-
tiple receivers in a cooperative setting, the Nash bargaining
solution is often employed [15, 16, 8, 6], which is an objective
function in game theory that satisfies both Pareto efficiency
and proportional fairness [17, 18, 13], meaning a distribution
solution that allows for both an efficient distribution as also a
reasonable, fair one.

This section describes the mathematical framework for the
Nash bargaining solution applied to a TS allocation in an MF-
TDMA SF, which is comprised of three main aspects: (i) The
predefined Nash solution function that solves the game theory
bargaining problem; (ii) the constraints of the SF dimensional
limitations and (iii) the application of the method of Lagrange
multipliers with Karush-Kuhn-Tucker (KKT) conditions for
solving the consequent convex optimization problem. Lastly, in
this section, we describe our modifications of this framework,
aiming to optimize the fairness measure at each SF.

Interpreting the RCST resource scheduling dilemma as
a game theory bargaining problem, each φi in Eq. (3) is
understood as an utility function. To solve this bargaining
problem the Nash bargaining solution is employed. The ob-
jective function for the weighted Nash bargaining solution is

NB(φ,p) =
N−1∏
i=0

φpii , (5)

where pi is a priority weight ascribed to each RCST. A larger
pi means a higher priority in the allocation i.e., more BTUs
proportionally to the other RCSTs at the optimal assignment.

It is possible to modify the objective function (5) into a con-
vex function by employing a logarithmic transformation, and
thus the problem become a convex optimization problem. The

full statement using the defined variables therefore becomes

max
φ

N−1∑
i=0

pi lnφi (6)

s.t. φi ≤ Di ∀i, (7)
φi ≥ di ∀i, (8)
φi ≥ 0 ∀i, (9)

N−1∑
i=0

φi ≤ NSF . (10)

Employing the method of Lagrange multipliers, the La-
grangian function for Eq. (6) can be written as

L(φ) =
∑
i

pi lnφi + κ

(
NSF −

N−1∑
i=0

φi

)
+
∑
i

ki(φi − di) +
∑
i

Ki(Di − φi),
(11)

where κ, ki and Ki are non-negative Lagrange multipliers.
The choice for φi is optimal when ∂L

∂φi
= 0, that is

∂L(φ)

∂φi
= 0 =

pi
φi
− κ+ ki −Ki, (12)

with the Karush–Kuhn–Tucker (KKT) conditions, that results
from the inequality constraints in Eq. (6), being

ki(di − φi) = 0, (13)
Ki(Di − φi) = 0. (14)

From conditions (14) applied in (12) and solving for φi
following the steps at [8, 6], we get

φi =


piυ, if di < piυ < Di,

di, if piυ ≤ di,
Di, if Di ≤ piυ,

(15)

where υ = 1/κ is a chosen constant such that the constraint
N−1∑
i=0

φi ≤ NSF is met. This solution resembles the solution

for the water filling problems [19, 20] that often appears in
wireless communication papers.

We propose to define the priority weights in the general
Nash bargaining solution convex problem formulation (6) as
pi = 1/qi, where qi is the total useful information payload per
BTU, defined previously in (2). This modification changes the
solution so that the algorithm considers the useful capacity
gained by an RCST, with every BTU, knowing that an RCST
with a higher SNIR has a larger information payload per burst
and thus gains more utility per BTU.

This modification guarantees an overall fairer approach,
as the legacy solution with all equal priorities allocates the
surplus equitably in terms of BTUs but not in terms of
endpoint capacity that an RCST receives.

Notice that although (6) is a real convex optimization
problem, meaning it can output solutions in all R+, the
solution in the DVB-RCS2 SF demands an integer allocation,
φi must also be a multiple of the burst length ωi.
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An integer solution can be obtained with a rounding process
described in [6], where the fractional part of each φi is added
i.e.

φfreed = b
N−1∑
i=0

(φi − bφic)c, (16)

where b.c is the floor function and φfreed is distributed to each
RCSTs in order of priority pi, a burst length wi at a time
to each RCST, until all BTUs are allocated. As the amount
of resources allocated are way larger than φfreed, the loss in
optimality by this rounding process is minimal and thus can
be disregarded.

VI. SIMULATOR AND SCENARIO DESCRIPTION

For employing and validating the proposed algorithm in
a realistic scenario, we developed an event-driven DVB-
RCS2 simulator using Python language. When the event-
driven model is discrete [21], time advances as a new system
transition occurs. Our model is thus defined as a discrete-
event system (DES), and the simulator uses the Python library
Simpy [22] to control this DES queue behavior. The scheduler
registers all the RCSTs allowed to transmit data and exactly
when each RCST will send this data. At the beginning of
the transmission, a new event is then triggered, and the error
probability is calculated to evaluate the packet error rate.
The RCST link-layer behavior was implemented, meeting the
DVB-RCS2 standard definitions rigorously.

The simulator utilizes geospatial data to calculate a detailed
link budget for each RCST, using a satellite G/T footprint map
as an input parameter. For each traffic load point, a number of
Nd simulations, or drops, is performed to obtain statistics of
all measurements. For each simulation drop, the RCSTs are
randomly distributed in a map, where, for the intents of this
paper, we chose the country of Brazil as the benchmarking
location. Each point in the map has a birth probability of
receiving a new RCST, proportional to the population density
of this specific area. This is used to simulate the contrast
between high-density populated areas and less populated areas,
with different satellite G/T values.

To solve the convex optimization problem defined by the
Nash bargaining solution, we used the library CVXPY [23].
For comparison purposes, we implemented a reference sched-
uler to allocate the BTUs using the traditional game theory
allocation algorithm that has all the priorities equal for each
RCST. Base results are compared with the new algorithm
described previously, in which the BTU allocation is weighted
by the pi parameter, inversely proportional to the information
payload per BTU qi.

All the necessary parameters to replicate the experiment are
available in table I. The simulation ends after Tsim = 100 SFs,
where the average total number of RCSTs served in a drop is
Nserved = λTsim, serving ≈ 5.000 RCTs at the last λ simulation
point.

VII. RESULTS

In Fig.3 we present a comparison of the performance of the
two algorithms using as a metric the Jain fairness index. It
is possible to verify that the proposed algorithm demonstrates

TABLE I
TABLE OF SIMULATION PARAMETERS.

Parameter Description Value
Tsim simulation time in SFs 100
TSF Time of an SF in BTUs 462
NSF Number of BTUs in an SF 2772
µ α distribution mean parameter 2
σ α distribution std. dev. parameter 0.5

TBTU Number of symbols in a BTU 270
dmin Min. acceptable data rate for an RCST 10 kbps
Nd Number of simulation drops 10
Vi Volume of data for an RCST to transmit 35 kbps

an enhancement both in the average Jain index value, reaching
a 5% gain at its peak (averaged among all SFs) and a 73%
decrease in standard deviation, meaning a more stable and
optimized solution. In all load cases, results were closer to
the theoretical maximum of 1.
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Fig. 3. Fairness performance comparison between game theory algorithms.

The simulation has a larger difference in the domain interval
22.5λ ∼ 35.0 λ, a range in which the scheduler strategy shows
effectiveness. For low values of λ, the MF-TDMA grid has
enough resources to distribute among all RCSTs. The queue is
under-saturated, and the scheduler is able to allocate all the SF
resources. The allocation vector φ reaches maximum fairness,
as each RCST receives exactly the amount of BTUs that it
expects. On the other hand, when the queue is over-saturated
with high values of load, the scheduler can only allocate the
minimum value di to each RCST in the order of arrival. In
this case, there is no space for different allocation strategies
to be effective, explaining the asymptotic graph behavior after
the 37.5 λ mark in both graphs. Between the extreme cases,
we can verify the benefits of using the proposed algorithm.

Beyond the analysis of Jain’s index, we also directly eval-
uated the normalized BTU distribution φ̂i obtained for each
algorithm. At Fig. 4, each point is the average φ̂i value among
all RCSTs. The maximum value falls in the same load range
of Fig.3, with an improvement of ≈ 12.5% in the 30λ mark.
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Fig. 4. Difference in average normalized BTU distribution between legacy
and proposed algorithm.

VIII. DISCUSSION AND CONCLUSION

In this paper, we proposed a modification to the traditional
game theory framework for capacity resource allocation in
a DVB-RCS2 MF-TDMA SF, considering the information
payload qi on each waveform ID to weigh the priority param-
eters in the convex optimization problem that arises from the
Nash bargaining solution. The new procedure achieved better
performance when compared to the traditional formulation,
suggesting its employment in new scenarios.

A first extension is to apply the same priority strategy to
multi-beam satellites, where a second priority would be as-
signed to each beam. A second possibility is the investigation
of scenarios with larger SF lengths to accommodate a massive
number of users (in the order of 106) with low traffic density
for ultra-reliable communications where the high latency of
the GEO satellite link is not a problem. Finally, the insertion
of LEO orbits in the simulator to take into account the Doppler
effect and verify the algorithm’s behavior in a dynamic SINR
environment.
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