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[PAPER |
A Highly E fficient DAMA Algorithm for Making Maximum Use of

both Satellite Transponder Bandwidth and Transmission Power

Katsuya NAKAHIRA @, Takatoshi SUGIYAMA *, Hiroki NISHIYAMA | and Nei KATO ', Members

SUMMARY  This paper proposes a novel satellite channel allocation use satellite bandwidth and satellite power together. To this
algorithm for a demand assigned multiple access (DAMA) controller. ,In end, we propose a novel satellite channel allocation algo-
satellite communication systems, the chann&&l bandwidth and total rithm for a demand assigned multiple access (DAMA) con-
power arelimited by thesatellite’s transponder bandwidth and transmis- . . . . .
sion power(satellite resources). Our algorithm is based on multi-carrfér troII(_ar. The algorl'Fhm is based on a combmapon of ml.JltI—
transmission and adaptive modulation methods. It optimizes channel-ele-carrier decomposition and AMC. On the basis of previous
ments such as the number of sub-carriers, modulation level, and forwardwork [4], [5], this paper details the calculation process for
error correction (FEC) coding raté\s a result, the satellite’s transpondel,  channel allocatiomnd describes simulatiomisat tested our
bandwidth and transmission power can be simultaneously used to the max

imum and the overall system capacity, i.e., total transmission bit rate, Wil algorlthm S performance.

increase.Simulation results shohat our algorithm increases the overatp Th_e rest of this paper is organized as follows. _S_ECtion
system capacity by 1.3 times compared with the conventional fixed modu- 2 describes the SATCOM system assumed kaewiclarifies

lation algorithm. o _ _ s the key channel allocation requiremergction 3 describes
key words: satellite communication, channel allocation, adaptive modulg}- the conventional channel allocation algorithm mts out
tion, multi-carrier transmission, DAMA . .

s its problems.In Sect. 4,we propose a channel allocation
s algorithmandshow some examples of its uda Sect. 5, we
s« demonstrate the algorithm’'sfectivenesshrough computer
simulations that apply it tsarioustraffic situations

1. Introduction

In the past several years, multi-mediafiiia on satellite "
communication (SATCOM) systems has been rapidly in-
creasing. During this time, SATCOM R&D activity ha$
mainly focused on enhancing system capacity (the system’s _
total transmission bit rate). Since every signal must go 2-1 Construction
through a single satellite, the amount of usable radio re-
sources is limited to the amount of satellite resources avail- Our target system is depicted in Fig. 1. The system mainly
able, i.e. , satellite’s transponder bandwidth (hereafter satel-consists of a base station, a DAMA controller, several hun-
lite bandwidth) and satellite transmission power (hereafter dred earth stations, and a communication satellite. The com-
satellite power). Thus, the system capacity is inseparablymunication satellite amplifies the signals from an earth sta-
connected to the satellite’ s resources and their utilizatien. tion and the base station and sends them down to the service
It is expected that the ongoing development of high power area. These signals are transmitted on fiicrahannel or a
satellites, multi-beam systems, and Ka-band systems willcontrol channel.
expand satellite resources [1], [2]. However, implement- Signals for channel request and channel release are
ing these technologies entails extremely high initial costs, transmitted using a control channel. They are transmitted by
because they require new communication satellites tosbetime-division multiplexing (TDM) on the forward link (from
launched A promising solution to this problemvould be to = base station to earth station) and slotted ALOHA on the re-
develop a channel allocation algorithm to enhance the sys-turn link (from earth station to base station). On the other
tem capacity without the need for a new satellite launch.» hand, data signals are transmitted offficachannels, each of
Hopes are high that multi-carrier decomposition [3] which is occupied by the signals of one earth station multi-
and the adaptive modulation and coding (AMC) will enable plexed by frequency-division multiple access (FDMA). This
satellite resources to be used morfeeetively. However, » paper focuses on the ffec channel allocation for each earth
these techniques do not address the problem of how best tstation’s channel request.

2. System Concept

Manuscript received September 10, 2011. .
iThe author is with the NTT Access Network Service Systefas 2-2 Channel Allocation Procedure
Laboratories, NTT Corporation, 1-1 Hikarino-oka, Yokosuka-shi,
Kanagawa 239-0847 Japan . An earth station communicates with other earth stations
TThe author is with the Graduate School of Information through a tréic channel. If the trfiic channel is statically

Sciences, Tohoku University, 6-3-09 Aoba, Aramaki, Aoba-KU, . . )
Sendai-shi, Japan. 980-8579 7' assigned to each earth station, satellite resources are wastec
a) E-mail: nakahira.katsuya@Iab.ntt.co.jp 7 This is because satellite resources are always needed eve
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Fig.1 Proposed SATCOM system
Vo ———p —_— - —-
RTL control channel FWL control channel Traffic channel
system uses the DAMA scheme [6] for makingffi@chan- Fig.2 Channel allocation procedure between earth stations
nel assignments. The DAMA controller uses a channel allo-
cation algorithm to determine tifec channel elements such 16QAM-7/8
as bandwidth, power, modulation level, and forward error BPSK-1/2
correction (FEC) coding rate in accordance with a channel m = (Yﬂ = BPSK-1/2
access sequence as follows: o AMC-mode
Single carrier Sub-carriers /" selection
(a) As shown in Fig. 2, a sending earth station uses the (a) A single channel construction using multi-

. . i d AMC functi liti
control channel to send a channel request signal includ- cameran unctonates

ing information on the required transmission bit rate to
the base station. Typically this signal is transmitted by e U ]
/ bandwidth m o (lﬁ \ p

'
/

slotted ALOHA. el

. . . Satellite transponder bandwidth
(b) The channel allocation algorithm determines dfitta p

channel element that satisfies the required transmission (b) Sub-carrier allocations to distributed
bit rate unused bandwidths

Fig.3 Single channel allocation using multi-carrier and AMC function-
(c) The base station uses the control channel to assign thetities
traffic channel to the sending and receiving earth sta-
tion. At the same time, it registers the assigned channeldiscontinuous bandwidth.

information in the channel database (DB). w Moreover, to &ectively utilize satellite resources, our

(d) The sending earth station communicates with the otﬁ’erearth stations also provide an AMC functionality since it can
receiving earth station by using the assignediitra® make use of the tradefforelationship between bandwidth
channel « and power by changing the AMC-mode (a combination of

' «2 modulation level and FEC coding rate).

(e) After the communication ends, both earth stations send ~ Figure 3 shows a single channel allocation using the
the release signal to the base station. When the basénulti-carrier and AMC functionalities. First, as shown in
station receives it, the DAMA controller deletes the as- Fig. 3(a), multiple sub-carriers, each of which is identical
signed trdfic channel information from the channel DB¢  in bandwidth but may be fierent in AMC-mode, are con-

« Structed. Next, as shown in Fig. 3(b), each sub-carrier is
s assigned to the unused bandwidth that other earth stations
2.3 Multi-carrier and AMC Functionalities « donotuse.

Since each earth station requests or releasedfctchan- - 2.4 Channel Allocation Requirements

nel on an individual basis, unused bandwidth in the satellite

transponder is inevitably distributed. This being the case, For simplicity, we will refer to a tréic channel as simply

a single-carrier transmission can only be used in a contiiau-a “channel” hereafter. Thus, three channel elements for the
ous bandwidth and frequency utilization is degraded. This system must be determined:

is because channel allocation may fail even if the sum of the )

unused bandwidth is wide enough to accommodate there{1) the number of sub-carriers,

quired bandwidth of the tfac channel. Our earth stationg (2) the sub-carriers' AMC-mode, and

have a multi-carrier functionality [3] that can divide a single

carrier into multiple sub-carriers, and thus they can use such(3) the sub-carriers’ frequency.
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(b) Fixing high required E,/N, AMC-mode (ex. 16QAM-7/8) 42
Fig.5 Multiple channel allocations using the conventional algorithni?

44

45
However, the channel allocation algorithms describgd
in this paper mainly focus on channel elements (1) and £2)
to enhance resource utilization. The reason is that this de
cision is not relevant to the resource utilization since the

In the conventional algorithm, the required bandwidth
Wieq is uniquely decided by using the required transmission
bit rateReq:

Rreq
Wieq =
= WG

wherex is an identifier of the fixed AMC-modey(x) is the
spectrum #iciency of the fixed AMC-modej\, is the sub-
carrier bandwidth\(\\, = 100kHzin this paper)¢ is a roll-

off factor for avoiding signal distortiono{ = 0.25 in this
study) and[o] is an operator to provide the smallest integer
that is greater thao. As shown in Eq. (1)Weqis inevitably
guantized in multiples of the sub-carrier bandwidtilhe
power supplied by the communication satellite is

(1+0)Wo , 1)

L
Psatreq = Ep/No(X)1(X) NOVVreq—d s
Geartherats

2)
where Ep/No(X) is the requiredg,/Ng of the fixed AMC-
mode,Ny is the noise power density (\Nz) in the received
signal, Ly is the free space loss on the satellite downlink,
Gearthr IS the receiving earth station’s antenna gain &gl

is satellite antenna gain of the sending side.

Assumingo, N, Ly, and Gearnr are constant for all
earth stations, Eqgs. (1) and (2) respectively show that the
satellite resources’ usage only depends on the fixed AMC-
mode’s identifierx and the required transmission bit rate
Req- Accordingly, a single channel’ s resources to satisfy
the constant required bit rate can be illustrated as in Fig. 4.
-If we choose a lovE,/Ng AMC-mode (e.g. BPSK+R), the
required bandwidth£number of sub-carriers) tends to be

channel element (3) is determined in accordance with thewide while the required power from communication satel-

unused bandwidth of the satellite transponder. Each AMC-
mode (see Table 4 for example) hais energy per bit tos,
noise power density ratids,/No) and spectrumféciencyn -
given by the product of the modulation level and FEC ertor

coding rate. Therefore, channel allocation requirements.are

as follows: s

() The total transmission bit rate of all sub-carriers th:;at

belong to one channel exceeds the required transrsr;is
sion bit rate of a user.

60

(i) The receiveds, /Ny of each sub-carrier surpasses tfie
required E,/Ng that is prescribed for the selected
AMC-mode. 6

64
65
3. Conventional Algorithm and its Problems 66
67

Designing an applicable channel allocation algorithm is ex-
tremely important for enlarging the overall SATCOM sys-

lite tends to be low. On the contrary, if we choose a high
Ep/No AMC-mode (e.g. 16QAM-B), the required band-
width tends to be narrow while the required power from
communication satellite tends to be high.
Figure 5 shows a multiple channel allocation in which
the channels are allocated until their total allocated band-
width or total allocated power reaches the satellite band-
width or satellite power. In a lovi,/Ng AMC-mode, when
‘the total allocated bandwidth reaches the satellite bandwidth
upper limit, no more channels can be allocated even if the to-
tal allocated power does not reach the satellite power upper
limit (Fig. 5(a)). Conversely, in a higk,/Ng AMC-mode,
when the total allocated power reaches the satellite power
upper limit, no more channels can be allocated even if the
total allocated bandwidth reaches the satellite bandwidth up-
per limit, (Fig. 5(b)). It thus depends on which AMC-mode
is chosen as to whether satellite bandwidth or satellite power
runs out first.

In the previous two cases, left-over satellite resources

tem capacity. The simplest way to allocate channels is toix remain because the conventional algorithm determines the
the AMC-mode such that it is identical for all earth stations channel elements independently of the residual bandwidth
and the transmission power is adjusted to meet the requiredand power of the satellite. Consequently, the main problem
Ep/No. This idea is what we refer to as thedhventional » with the conventional algorithm is that it does not allow the
algorithm” in this paper. = satellite bandwidth or the satellite power to be fully utilized.
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We refer to this problem as theegsidual resources prob- s rate is taken from the channel request signal.
lem” in this paper. ) ) ]
ss  (Step Il) Channel candidates that satisfy the required

4. Proposed Algorithm 54 transmission bit rate are identified. For exam-
55 ple, Fig. 6-1l shows three candidates having 5
The main purpose of our channel allocation algorithm issto sub-carriers, 3 sub-carriers, and 2 sub-carriers,
avoid the residual resources problem. To do this, our algo- respectively. Each sub-carrier may hav&et
rithm first seeks a number othannel candidates, each s ent AMC-mode identifiers, i.e., 1, 2, 3 and 4
of which is a combination of sub-carriers offdirent AMC- s that correspond to BPSK (modulation level) -
modes, to satisfy the required transmission bit rate. Then 1/2 (FEC error coding rate), QPSK2l QPSK-
it chooses the candidate that provides the best utilization of 7/8, and 16QAM-78.  Note that our channel
satellite resources. 62 allocation algorithm can use other AMC-modes
63 besides those listed abov# §].

4.1 Related Researches )
e (Step lll) The best channel among the channel candidates

6 is the one that minimizes the evaluation vajue

Orthogonal frequency-division multiplexing (OFDM¥ (See Sect. 4.6). For example, Fig. 6-lll shows
is widely used for ground based wireless or wire systems three sub-carriers whose AMC-mode identifiers
such as ADSL, VDSL, PLC (power line communicatiors, are 3, 2, and 2. Since a smaller evaluation
WLAN, LTE, and WIMAX. Although OFDM dfers multi- s value means less of a residual resource problem
carrier and AMC functionalities like our algorithm, its purs and less required radio resources (bandwidth and
pose difers. OFDM controls the AMC-mode of each sub- power), this step enhances resource utilization
carrier to compensate for degradation of signal quality due efficiency.

to changes in the user’ s propagation environment. If a par-
ticular rgnge of frequencigs gergs from interference or at% (Step IV) E‘_"‘Ch _sub-carrier ?S assigned to the_unuseq band-
tenuation, the carriers within that range can be disabledor W'dth in the satellite transponder. S!nce _th|s step
made to run slower by applying a more robust AMC-mote IS not relevant_ to_the resource ut|||_zat|on, we
to those sub-carriers. 76 shall not describe it in any more detail.

However, OFDM does not address the problem of how
to effectively use both bandwidth and power in channel 7aI—
location under the severe restrictions of the total bandwigith
and total power that can be used by the whole system. 'Ijmt
is, OFDM-based systems assume that power is supplied
from a ground power line, and hence, they have few restgzic-
tions on total power usage. On the other hand, SATCOM
systems have a severe restriction on total power usage be-
cause the power is only supplied by the solar panels of the

communication satellite. o o In following steps | to V, our algorithm can maximally

~ The water filling technique maximizes system capacity ytjlize the satellite bandwidth and satellite power simulta-
in wireless systems [7,8]. This technique likens the nojse neously when the number of allocated channels increases.
spectrum to the geographical bottom of a lake and the trans-tyyg, it increases the system capacity. The following sec-
mitted power of each user Fo water that accumulates (like tions describe our algorithm in detail. Although the descrip-
the total transmitted power) in the lake to a certain level that tjon covers one-way tféic channels (from sending station to

deliverd the maximum capacity of the channel. HOWevgr, yeceiving station), it is also good for two-way fiia whose
the optimal power obtained in this way does not accoynt shannels are individually allocated.

for SATCOM systems’ constraints in the channel allocation,

such as on-demand channel allocatioslsases, maximum93 4.3 Channel Candidate Calculation
transmitted power of each user, selectable ACM-modes, or

quantized frequency usage.

(Step V) Steps | to IV are performed whenever a new
channel allocation request occurs. We should
note that previously allocated channels are not
reallocated when a new channel is allocated in
step V. This is because the algorithm uses Eqgs. 8
and 9, which include the current channels’ total
bandwidth and power.

« The algorithm first seeks a number ofhannel candi-

« dates, each of which is a combination of sub-carriers of

s different AMC-modes to satisfy the required transmission
bit rate. DefiningD(j) as the number of sub-carriers of the

4.2 Channel Allocation Outline

The channel allocation of our algorithm is shown in Fig. - . . )
6. For simplicity, the figure only shows channel allocatiofi, Ji" channel candidateyi, j), the spectrum féiciency of the

because the channel release is not relevant to the resdtirck sub-carrier and‘.h channel can'd|d.ates,' apda limitation
Utilization. The allocation is carried out as follows: wo factor on the maximum transmission bit rate, the channel

1w candidates will satisfy
(Step 1) Information about the required transmission bit
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5
I. Required bit rate -1
10 ¢ 11000
Il. Channelcandidates —©— Evaluation value
Selectable AMC-modes :
! 4 1800
e ) - 3
1 BPSK-1/2 . QPSK-1/2__ QPSK-7/8__ _16QAM-7/8___; g 10‘2 L
= i
DYy [3[2)2 i § > 600
Candidate 1 Candidate 2 Candidate 3 o
5 sub- i 3 sub-carriers 2 sub-carriers <
sub-carriers u i u i ‘_g . 1400
IIl. Select best channel S 10 ¢
L
1200
Candidate 2
3 sub-carriers | = Calculation time (msec)|
IV. Allocate carriers 10—4 1 1 1 ; 0
Power 0 200 400 600 800 1000
Channel 1 Number of channel candidates
——————————————————————————— Fig.7 Convergence of evaluation value and required calculation time
—» Frequency
Satellite bandwidth Transponder gain: Gygns
) Noise temperature: T,
V. Increasing channels
Utilize satellite bandwidth Antenna gain Antenna gain
Power and power 100% (receiving side) :Ggye ¥ (sending side) :Ggy
i ChaAnneI 1 Channel 2 Channel N \
Satellite _ ,,,,,rﬂ e
O mm
power ; Z 2 43 — Frequency Uplink free space loss: L, Downlink free space loss: L4

Satellite bandwidth

Fig.6 Channel allocation procedure using the proposed algorithm

Antenna gain: G s Antenna gain: Ggy
Maximum transmission power P, Noise temperature: T,oq
D) - /‘ l\ S
a< D (i, )Wo < ¥Reeq NOte y > 1. (3) i é
i=1 Sending earth station Receiving earth station
Although a largery tends to give more candidates, Fig.8 Reference model for channel design

it permits excessive bit rates and wastes power and band-
width. Our prior examinations used = 1.3, and this

choice resulted in a dozen channel candidates or so forcth verged when there were more than 200 candidates. The cal.

required transmission bit rate (hundreds of kbps). For & %ulation time for 200 candidates was approximately 300 ms
ample, Tables 1 and 2 show the channel candidates Wﬁe using an Intel core i7-920 2.67 GHz processor. The time is

ligible in comparison with the interval between channel
= 60Ckbpsand Req = 45kbps In the former case,” theg
tF::(eeqcand|dat£|dentnl‘:|\);q 1 has fgurteen sub-carriers W|tF1 requests (several minutes), and hence, there is no drawbacl

BPSK (modulation)-2 (FEC coding rate), and each candi- in using our algorithm as far as the channel access delay
oes.
date exceeds the required transmission bit rate, even thougﬁ
its subcarriers have flerent AMC-modes.
Since the conventional algorithm simply calculates the
channel elements using Egs. (1) and (2), the calculation fin-

ishes in an instant. However, our algorithm needs some t|me|:Igure 8 shows a reference model from the sending earth
to find the channel candidates, and this time increases wth

h ber of didates. Th lqorith hay stat|0n to the receiving earth station. The model is used in
€ humber of candidates. 1hus, our aigorithm may a calculatlng the channel’ s power and bandwidth. Ignoring
disadvantage in the form of a channel access delay. To'|

duce this delav. we used a mathematical optimization tech ©the interference from other radio systems, the noise power
u Y Y P densityNy (W/Hz) in the received signal can be written as
nigue called dynamic programming [9].

To estimate a diicient number of channel candidates,

4.4 Required Power and Bandwidth

we analyzed the relation between the obtained minimum No = GsatGiranGearthr T Lg T
evaluation value (See Sect. 4.6) and the number of chan- 0= Lq (Tsart GeatGrranGearthr earth)K:
nel candidates, as shown in Fig. 7. The plot also shows 4)

the calculation time needed to find the candidates when
Req=160kbps As can be seen, the evaluation value con- whereGgysis the satellite antenna gain of the sending side,
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6
Table 1  Example of channel determination when the required transmission bit rate is 600 kbps
Candidatg Number of AMC-modes allocated Trans. bitf Bandwidth Power util. St. Power af(]) B()) v(J)
identifier rate (kbps) util. Wy (j)[ Pr(j) util. E(j)
J
BPSK-12| QPSK-¥2| QPSK-78 16QAM-
7/8
1 19 0 0 0 760 0.2714 0.0453 0.1086 0.16 0.28 0.044
2 18 0 0 0 720 0.2571 0.0429 0.1029 0.15 0.26 0.039
3 17 0 0 0 680 0.2429 0.0405 0.0971 0.14 0.25 0.035
4 16 0 0 0 640 0.2286 0.0381 0.0914 0.13 0.23 0.031
5 15 0 0 0 600 0.2143 0.0357 0.0857 0.13 0.22 0.027
6 13 1 0 0 600 0.2000 0.0360 0.0862 0.12 0.2 0.024
7 11 2 0 0 600 0.1857 0.0362 0.0867 0.11 0.19 0.02
8 9 3 0 0 600 0.1714 0.0364 0.0872 0.095 0.18 0.017
9 7 4 0 0 600 0.1571 0.0366 0.0877 0.085 0.16 0.014
10 5 5 0 0 600 0.1429 0.0368 0.0882 0.075 0.15 0.011
11 3 6 0 0 600 0.1286 0.0370 0.0887 0.065 0.13 0.0087
12 1 7 0 0 600 0.1143 0.0372 0.0892 0.055 0.12 0.0066
13 0 6 1 0 620 0.1000 0.0421 0.1009 0.041 0.11 0.0044
14 0 4 2 0 600 0.0857 0.0443 0.1063 0.029 0.096 0.0028
15 1 0 4 0 600 0.0714 0.0513 0.1229 0.014 0.088 0.0012
16 1 0 2 1 600 0.0571 0.0837 0.2006 0.019 0.1 0.0019
17 1 0 0 2 600 0.0429 0.1161 0.2783 0.052 0.12 0.0064
Selected numbekjl5, Wa;n = 0.50MHz, Pan = 0.03W
Table 2 Example of channel determination when the required transmission bit rate is 450 kbps
Candidat¢ Number of AMC-modes allocated Trans. bitf Bandwidth Power util. St. Power af(j) B()) v(j)
identifier rate (kbps) util. Wi (j)| Pr(j) util. E;(j)
J
BPSK-12| QPSK-12| QPSK-78 16QAM-
7/8
1 14 0 0 0 560 0.2857 0.1197 0.0800 0.12 0.31 0.036
2 13 0 0 0 520 0.2714 0.1174 0.0743 0.11 0.3 0.032
3 12 0 0 0 480 0.2571 0.1150 0.0686 0.1 0.28 0.028
4 10 1 0 0 480 0.2429 0.1152 0.0691 0.09 0.27 0.024
5 8 2 0 0 480 0.2286 0.1154 0.0696 0.08 0.26 0.02
6 6 3 0 0 480 0.2143 0.1156 0.0701 0.07 0.24 0.017
7 4 4 0 0 480 0.2000 0.1158 0.0706 0.06 0.23 0.014
8 2 5 0 0 480 0.1857 0.1160 0.0711 0.049 0.22 0.011
9 0 6 0 0 480 0.1714 0.1162 0.0716 0.039 0.21 0.0081
10 0 4 1 0 460 0.1571 0.1185 0.0770 0.027 0.2 0.0054
11 1 0 3 0 460 0.1429 0.1254 0.0936 0.012 0.19 0.0024
12 1 0 1 1 460 0.1286 0.1578 0.1713 0.021 0.2 0.0042
13 0 0 0 2 560 0.1143 0.2001 0.2726 0.061 0.23 0.014

Tsat is the satellite noise temperatu@yans is the satellite
transponder gairGeartnr is the antenna gain of the receiving
earth stationT 4t is the earth station’ s noise temperature,
Lq is the free space loss on the satellite downlink, ansl
the Boltzmann constant.

Since the receiveH;,/Ng of each sub-carrier has to cor-
respond to the requireH,/Np, the transmission power for
the j; channel candidate is

D(j)
Preq(j) = > En/No(i, j)n(i, })NoWox
i=1
Laly
Geartherats.GtransGsatrGearths’

(5)

Selected numbekjll, Wan = 1.00MHZz Pa,n = 0.06W

whereEy/No(i, j) is the requirede, /N of theig, sub-carrier
and jy, channel candidates,, is the free space loss on the
satellite uplink, andse4thsis the sending earth station’s an-
tenna gain. In addition, the required bandwidth of fhe
channel candidate is

Wheq(]) = D(J)Wo. (6)

4.5 Utilization Ratio of Available Resources

Psatreq(j) given by Eq. 7 is the transmission power of the
satellite transponder when that of the earth statidhdg(j).

GearthsGsatrGtrans

PsaLreq(j) = Preq(j) L
u
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7
D(j) L Satellite power utilization P,
CoN e d
= >, En/Nofi. n(i. NoWog— =—. -
-1 earthr\Isats 1 (limit) SeeeTemmmmsssssssoooooosssssiooooooooooosoy
()
Using Eq. (4)-Eq. (7), we define the satellite bandwidth
utilization ratioW; (j), satellite power utilization ratigV; (j),
and earth station power utilization rat(j) as .
Norm -> Minimize y(j)=a(j) X8(j)
Weeq(j) + W W= PG
Wr(J) — rEq(\J/\)/ agn , (8) /‘7(]) \6
s L W,(j) and P,(j)of a channel
) Psatreq(j) + Pagn candidate identifier j
Pr(j) = =51, and 9) P i L Saelite
s 1 (i) bandwidth
. Preq(j) utilization W,
E () = - (10) _ _ - _
max Fig.9 Satellite resource utilization and algorithm norm

whereWsy,s is the satellite bandwidtVVy,, is the total band-
width for the previously assigned channd®s,s is the satel-

lite’s maximum transmission poweRy,, is total satellite * - .
power for the previously assigned channels, Bpgis the * those of the other channel candidates, the channel allocation

earth station’s maximum transmission power. a2 Mmay waste bandwidth and power. To avoid_ this prob_lem,

W, (j) shows how much of the satellite bandwidth is o&- we carry Qut the €hannel selection proces§F|rst, candi- .
cupied after the new channel is allocated usingjthehan- * dates having the same number of _sub-carrl_ers are m_a_de intc
nel candidate (the same appliesRd(j)). Moreover,E,(j) * a group. Then, the channel cand|dat_es with the minimum
shows how much power is required vis-a-vis the maximgm Pr(J) aré chosen from each group. Finally, one candidate
transmission power. To allocate the new channel within the that has the minimum evaluation valyg) is chosen from
available satellite bandwidth, satellite power, and earth sta-N€ S€lected ones.

tion transmission power, the following equations must hdld Figure 10 shows the example of the channel selection
simultaneously: s process. Since channel candidates A, B, and C have identi-

o calW(j), i.e. the same number of sub-carriers, they make a
«a group. If channel candidate B or C were selected, the chan-

If W;(j) and P,(j) concurrently become larger than

Wi (j) <1, (11) ~» nel would waste power; that is, channel candidate A has

P.(j) <1, and (12) « the minimumPp,(j) of the three. According to the resource

E()<1 (13) “ utilization eficiency requirement, we must not choose the
r > .

s channel candidate only on the basis of their evaluation val-
« ues. Therefore, channel candidate A is chosen from this
4.6 Channel Determination using Optimization Norm « group.
s For simplicity, we will refer to the selected channel

Figure 9 shows the relationship betweah(j) andP;(j) of +» candidates as simply “channel candidates” hereaf@ur
the channel candidates identifierin the figure, the lengthse  algorithm determines the best channel that minimizg$
of a(j) andB(j) are respectively calculated as s: among the channel candidates while satisfying Eq. (11)-
s (13). As aresultW;(j) andP;(j) are always very close and

the residual resource problem hardly ever occurSince

©

a(j) = We(j) = Pr(j)l (14) o, Egs. 8 and 9 take the total bandwidth and total power for
R P o s previously assigned channels into consideration, our algo-
) = We(D)* + Pe(]) (15) ss rithm enhances resource utilization without having to real-

The shortera(j) is, the better the balance of the satellite locate previously assigned channels.
bandwidth and satellite power usage tends to be. The shorter
B(j) is, the less the satellite bandwidth and satellite power 4.7 Channel Allocation Results
usage becomes. Since we can consider that a shg(ger
andg(j) results in more ficient utilization of satellite re-ss Let us illustrate an example of channel allocation using our
sources, our channel allocation algorithm reduces the fol-algorithm. The parameters are listed in Table 3. The first
lowing evaluation value/(j) (the product ofx(j) andp(j)) « channel request is issued under the following conditions:
by adjustingWreq(j) andPreq(j)- & Wan = OMHZ Pyn = OW 7, andReq = 60kbps The
s calculation results oV, (j), P:(j), E;(j), andy(j) are shown

o WD) =P o U, “Thi th tem d t h iously allocated
)’(])Z r \/ér % Wr(])2+Pr(J)2- (16) Channelé_means € system aoes no ave previously allocate
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Satellite power utilization P,

L(Mi) |-memmmmme e

Can(jid’e;te C
B . )- Same required bandwidth
Candidate B | (=number of sub-carriers)
- aN!
B P Candidate A
B : Selected candidate because minimum power

— Satellite power
1 (limit) bandwidth W,

Fig.10 Channel selection process among channel candidates

in Table 1.
The best candidate identifier that gives the minimum
v(j) and satisfies Egs. (11)-(13) js= 15. Thus, our algo-

rithm allocates 1 and 4 sub-carriers whose AMC-modes are 0 Selected candidates

respectively BPSK+/2 and 16QAM-78. After the first al-
location, the assigned resources changé/ip, = 0.5MHz
and Py, = 0.03W. A second channel requeReq =
450kbpsis issued, and the results for it are shown in Ta-
ble 2. Since the best candidate isjat 11, the algorithm

allocates 1 and 3 sub-carriers whose AMC-modes are re-

spectively BPSK-2 and 16QAM-78.

These channel allocation examples show that the chan-

nel components will vary depending on how the previously

assigned channels and the required transmission bit rate are
accounted for. We can also see that after each channel allo-

IEICE TRANS. COMMUN., VOL.Exx=??, NO.xx XXXX 200x

Table 3 System parameters

[ ltem | Symbol | Value |
Sub-carrier bandwidth Wo 100 (kHz)
Satellite Bandwidth Wys 7 (MHz)*

14 (MHz)**
Power Pys 0.5 (W)*
2.0 (W)**
Antenna gain Gsats 42.0 (dB)
Gsatr 42.0 (dB)
Transponder gain Gtrans 110 (dB)
Noise temperature | Tsat 316.3 (K)
Roll off factor o 0.25
Free space loss Downlink Lg 205.5 (dB)
Uplink Ly 206.8 (dB)
Earth station Maximum transmis-| Pearth 8 (W)
sion power
Antenna gain Gearths 41.0 (dB)
Gearthr 41.0 (dB)
Noise temperature | Tearth 316.3 (K)

(*) Section 4.7, (**) Section 5

Original candidates

0.257 O Best candidate

o
-

Satellite power utilization
o
'_\
(6}

1
0.05' ®i |

cation is performed, the used satellite bandwidth and power 00 005 01 015 02 025 03

are mostly at significantly low levels. For example, Fig.

11 plots the relationship between the satellite bandwidth

utilization and satellite power utilization for channel candi-

dates for the first allocation. The figure also shows the orig-

Satellite bandwidth utilization

Fig.11 Example of channel candidates and best selection

inal channel candidates before the channel selection progesfied out until either the total bandwidth or total power of the
described in Sect. 4.6. The final 13 candidates are chagerllocated channels reached their upper limit.

from the original 200, and the best candidate (circled in the

figure) is determined from among these 13hea(j) and ,,

B(j) lengths of the best candidate are significantly shorter

5.2 Channel Elements

than those of the other candidates. This means our algoFigure 13 shows the variation in the number of sub-carriers

rithm improved the resource utilization in this case. w
43
5. Overall Performance M
45
5.1 Simulation Set up s

47

together with the AMC-mode used. Both algorithms ad-
justed the number of sub-carriers so that the channels’
transmission bit satisfied the required transmission bit rate.
Moreover, our algorithm adjusted the AMC-mode so that it
could be dfferent for each sub-carrier, whereas the conven-
tional algorithm fixed it so that it would be the same for all

We performed computer simulations to demonstrate the fea-sub-carriers.

tures of our algorithm and compare it with the conventional
algorithm described in Sect. 3. At the outset of the simu-
lations, the earth station required a one-wajyfitachannel

5.3 System Capacity

and the required transmission bit rate was varied from 200 System capacity was defined as the cumulative required

kbps to 900 kbps in 100 kbps steps (see Fig. 12{&)used s
four AMC-modes, as shown in Table 4The other systems:

transmission bit rate at the end of simulation (see Fig.
12(b)). Figure 14 shows variations in the satellite bandwidth

parameters are listed in Table 3. The simulations were ear-utilization and satellite power utilization for each allocated
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Table 4 Variation in AMC-modes

Identifier Notation Modulation (level) | Coding rate | Efficiency (bpgHz) | RequiredEp/No(dB)
1 BPSK-12 BPSK (1) 12 0.5 46
2 QPSK-12 QPSK (2) 12 1.0 4.8
3 QPSK-78 QPSK (2) 7/8 1.75 6.3
4 16QAM-7/8 16QAM (4) 7/8 3.5 10.0
Table 5 Algorithm’ s Performance
1500 Algorithm System capacity|
(Mbps) | (Ch.)
Conventional QPSK/2 10.6 19
Conventional QPSK73 (optimal AMC-mode) | 17.7 31
Conventional 16QAM-/8 14.6 26
Proposed 22.7 39
(*) optimal AMC-mode
O i i i i i i
0 10 20 30 40 50 60
Number of channels I
_ R
SO=g 0 (17)
(a) Required bit rate eq
2 Wherel is the allocated channel numb&y(l) is the trans-
=2 Mmission bit rate, anfReq(l) is the required transmission bit
30 2 rate for thely, channel. This equation shows that fewer re-
20 ; ;s sources are used in the channel allocatioSaapproaches
§_ j s 1. Figure 15 shows the cumulative probability distribution
=10 = obtained by the algorithms. This figure shows that our al-
2 gorithm gives a smalle8, than the conventional algorithm,
= i i 2 and we can conclude from it that our algorithm allocates

20 30 40 60 =
Number of channels a

resources morefigciently than the conventional algorithm
does, given the same required transmission bit rate.

(b) Cumulative bit rate » 6. Conclusion

Fig. 12 Channel request patierns % This paper introduced a highlffieientsatellite channel al-
% location algorithm for a demand assigned multiple accesses

channel. As discussed in Sect. 3, satellite resources aresfre(DAMA) controller. Our algorithm makes maximum use
quently left over with the conventional algorithm, and the of the satellite’s transponder bandwidth and transmission
amount of remaining resources depends on the AMC-mode power simultaneouslin situations where each earth station
which is fixed. As a result, system capacity decreases. ®ng'€quires a dierent transmission bit ratedur algorithm is
promising way to solve this problem is to choose apti- = based ora novel resource control technigtieat combines
mal AMC-mode” that provides the largest system capacity Mmulti-carrier transmission and adaptive modulation. Simu-
from among the available AMC-modes shown in Table 4: lation resultsshowthat the total transmission bit rate pro-

Table 5 summarizes the system capacity results shewnvided by our algorithm is at least 1.3 times what the conven-
in Fig. 14. The optimal AMC-mode is QPSK&, it maxi- « tional algorithm can provide.
mally provides 17.7 Mbps that accommodates 31 channels.
Even if the AMC-mode is optimal, 55% of the satellite Acknowledgments
power remains unused, as shown in Fig. 14(b). In contrast,
our algorithm provides 22.7 Mbps, which accommodates:39 The authors would like to express our sincere appreciation
channels and completely avoids the residual resources probto Mr. Toshihiro Manabe of NTT Corporation for his kind
lem, as shown in Fig. 14(d). The increase from 17.7 to 22.7 and helpful advice. We would also like to thank Dr. Kiyoshi
Mbps means that with our algorithm the system capacitysis Kobayashi of Advanced Telecommunications Research In-
about 1.3 times greater than it is with the conventional algo- stitute International for his sincere advice.
rithm.
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