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Introduction on Radio Resource Management
(RRM) Satsix

B Paper based on the work performed within the IST FP6 SATSIX project,
which is studying and implementing a DVB-RCS/S2 satellite systems

B Radio Resource Management (RRM) objective is to propose efficient
resource management for satellite systems by means of

* Fade Mitigation Techniques

— Algorithms counteracting attenuations by enabling link adaptation (modulation, coding
and symbol rate) according to the propagation conditions

* Connection Admission Control
— Algorithm in charge of deciding upon the admission of new calls
* DAMA
— Algorithms in charge of dynamically allocating the link capacity on demand

B The presentation focuses on the DAMA algorithms
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SatSix DAMA Algorithm
BoD Mechanism

NCC

N
&

RCST | |
KT (k+1)T. KT+Tgrp

time
TRTD TC

B Control period T,

* Every RCST has a periodic opportunity to send capacity requests to the NCC,
with period T,

B Roud Trip Delay Tgp

* The delay between the request and the associated capacity allocation if fixed
and equal to the Roud Trip Delay Ty (abut 0.6 s)
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SatSix DAMA Algorithm
Objectives

The objective is twofold:

M If the link load is high, the RCSTs must utilize all the requested
bandwidth

* Full link utilization

M If the link load is low, the RCSTs can waste some requested bandwidth
* A more aggressive BoD policy can be adopted to reduce queuing delays

B Problem

* The same BoD policy leads to a different percentage of wasted bandwidth (i.e.,
to a different link utilization)
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Algorithm description

Algorithm rationale

B NCC computes the target link utilization (lu*) based on:
* Received RCST bandwidth requests
* Link capacity available on-demand

B RCSTs compute the requests aimed at achieving the target link
utilization (lu*) based on:
* Measured buffer queue length
— It take into account the unsatisfied requests
* Measured input traffic
— Itis used to
— estimate the incoming traffic rate
— set the BoD policy to achieve lu*
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Algorithm description
Overall scheme
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Radio Resource Management (RRM)
Control-theoretic BoD algorithm

B Request computation

rreq K] =

measured queue length measured input rate

B Prediction parameter (o)
* a = 1: full link utilization (no anticipated request)

* o = 0: aggressive policy (prediction part of the request equal to the traffic
received in the last Round Trip Delay)
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Radio Resource Management (RRM)
Control of the link utilization Satsix

To achieve a given target utilization, o is computed based on
traffic measures

B STEP1: 6 models are computed (Multi-Model Reference Control
methodology), whose dynamics are driven by the following equations:

| ' measured input rate
qi[k +1] = q; [k]+ @ T reo.ilk = Trrp]

g; [k +1] = max(0,q.[k +1])

1 TRTD _ TRTD
Freqilkl= - alK] = Xteegulk ~il+(L-a) 2Tk 11
C i=1 i=

with o, =0; o, =0.2; a3=0.4; o, =0.6; a; =0.8; o =1
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Radio Resource Management (RRM)
Control of the link utilization

B STEP2: The i-th model allows one to compute its wasted bitrate:
ri K1 = = min(0, Gilk]) /T,

and, therefore, the average link utilization of the i-th model:
lui[k] = wlui[k —1]+ (1— w)lu;[k]
with

lrreoilK — Trro ] — fuilK]
rreoilK — Trrp ]

lu;[k] =

w =0.975
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Radio Resource Management (RRM)
Control of the link utilization

B STEP3: Inference of a based on lu*[k]

If lu"[K] < lug[k], o = O;

— N [ luisa[k] - u"[K] lu'Tk]-lui[k] |
If 1ui[k] < Iu"[K] < IUialK], o= ai[ﬂm[k]—mi[k]}a”{ﬁm[k]—mi[k]J'

If lu"[K] > lue[k], o = 1;
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Radio Resource Management (RRM)
Control of the link utilization

Example of RCST aiming at lu*
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Radio Resource Management (RRM)
Control of the link utilization

e e i S P CO

. o lu* [% lu [© q [kbits] d o
lu : target link utilization %6l lu %] al I dIs] ¢
— . . 100 100 163.5522 0.9 1
lu : average link utilization
_ 97.5 97.45 85.3641 0.4696 0.7137
q: average queue length; 95 95.36 74.4468  0.4089  0.6085
a : average queuing de|ay’ 92.5 92.57 64.0992 0.3530 0.4884
— 90 90.64 58.0036 0.3194 0.4109
o . average o
87.5 87.85 50.0132 0.2751 0.2969
F .:';_";*- L]
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Computation of the target link utilization IX

The target link utilization lu* is computed based on the link
load

B The NCC computes the target link utilization as the ratio of the
(averaged) low-priority traffic rate C,, and the available capacity C,,, :

§LP[k] _ WE_LP[k 1]+ (@-w)Cp[K]

Cavlk]l  WC,y [k —1]+ @A -wW)Cpyy[K]

lu*[k] =

* The low-priority traffic rate C ., is estimated as:

éLP[k] = WéLP [k -1]+ (- W)éLP[k]

where C_5[k] = Creolk —i —Tarpllu* [k —i —Trro]
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Radio Resource Management (RRM)
Simulation results

Tab. 1: Traffic sources— n(k) is the traffic profile defined in Tab. 2

Source Highly Regular  Regular  Bursty Highly Bursty
Constant traffic rate [kbps] n(k)-375 n(k)250 n(k)-125 0
Bursty traffic mean rate [kbps] n(k)-250 Nn(k)-375  n(k)-500 n(k)-625

Tab. 2: Simulation traffic.

Sim.# Type of STs Traffic profile
1 1 ST with varying traffic, from H. Bursty to H. Regular (Fig. 7) m(k) = 0.3 u (k)
2 STi,: H. Regular, ST34: Regualr, STsg: Bursty, ST7g: H. Bursty (k) = 0.7 u4(k)+0.3sin (kT.r / sim_length)
3 ST1,: H. Regular, ST34: Regualr, STsg: Bursty, ST7g: H. Bursty  m(k) = 0.8 u (k)

Tab. 3: Simulation parameters.

Sim.# T¢c Trm Wlu C, Sim_length FCA
1 0.3s 2Tc=0.6s 0.975 5[Mbps] 6000:-Tc=30min No

2 0.3s 2Tc=0.6s 0.975 5[Mbps] 6000-Tc=30min No

3 0.3s 2Tc=0.6s 0.975 5[Mbps] 6000:-Tc=30min Yes
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Radio Resource Management (RRM)
Simulation results

Example of lu* and o adaptation
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Radio Resource Management (RRM)
Simulation results
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Without FCA
lu : average link utilization; q: average queue length; d : average queuing delay; a;: average a of ST;
Sim. Run m [0/0] a [bitS] a [S] al az ag 64 65 ae 67 as
a=1 100 561.11 09845 1
Adaptive a, lu* 82.40 271.01 04668 0.14 024 023 035 036 036 048 048
With FCA
q: average queue length; d : average queuing delay
I req [Kbits r q [kbits d
Sim. Run reQ [Kbits] I nec [Kbps] q [Kkbits] d [s]
Total ST, STg Total ST, STg ST, STg ST, STy
a=1 4164.4 53231 49235 5000 639.46 580.08 121.05 181.38 0.2252 0.3321
Adaptive o, lu* 50729 655.06 620.46 5000 633.71 598.33 128.66 152.88 0.2383 0.2997
it L I . -—7
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Conclusions Ix

B Radio Resource Management techniques are in charge of guaranteeing
an efficient use of the valuable satellite capacity

B The presentation focused on the BoD protocol
* Based on control-theory

» Capable of achieving a given link utilization efficiency based on traffic
measures

* It adapts its policy on the traffic characteristics and on the link load:

—If the network load is scarce, the delay performance is favoured since the
network resources are over-provisioning

— If the network is load is high, the utilization efficiency is favoured, to reduce
the congestion occurrence probability by reducing bandwidth wastes
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