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Efficient Interactive Multicas overDVB-T2
- Utilizing Dynamic SFN and PARP

Magnus Erikssc, S.M. Hasibur RahmaiFrancisco Frail and Marten Sjostro

Abstract—In the terrestrial digital TV systems DVB-T/H/T2,
broadcasting is employed, meaning that allVV programs are sent
over all transmitters, also where there are no vieers. This is
inefficient utilization of spectrum and transmitter equipment.
Applying interactive multicasting over DVB-T2 is a novel
approach that would substantiallyreduce the speaum required
to deliver a certain amount of TV programs. Further gain would
be achieved by Dynamic singlérequency network (DSFN)
formations, which can be implementedusing the concept of
PARPS (Packet and Resource Plan cBeduling). A Zipf-law
heterogeneous program selection modeis suggested. For a
system of four coordinated transmitters, and certain
assumptions, IP multicasting over nonzontinuous transmission
DSFN gives 1740% increase inmultiuser system spectra
efficiency (MSSE) in (usersit/s)/Hz/site as compared to
broadcasting over SFN.

Index Terms—Digital Video Broadcasting, IP Multicast,
DSFN, LSA, IP-TV, Mobile-TV, Zipf, DVB-T2, eMBMS, MB-
SFN, cooperative macro-diversity.

. INTRODUCTION

INTERACTIVE multicast allows efficient transmission of
streaming services over a muybint channel, by only
delivering content to viewerthat have sent a join mess

over an interaction channel. As esample|P multicastis the
foundation of wired IPTV, because it saves valual
bandwidth ascompared to broadcast or uni. Moreover,
switched broadcastis an upcomingcable TV network
technology that resembles a multicastvice, where only tr
currently most popular content is delive [1]. The operator
offers a number of services higher than the maximiowet

in the network, assuming that it is unlikely thdt of the

offered TV programs(i.e. MPEG transport streamsare
requested at the same tirimea certain are. The concept of
interactive multicast lbbws more TV services to [
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Fig. 1L A coordinated system of three D-T2 transmitters may send global
content in some timeslots, and local content irex# Multicast join/leave
messages, and measurement data may be sent aaggrantion channe

transmitted over a given spectr, at the expense of an
interaction channel and a blocking probah (the probability
that the number ofurrently requeste TV programs exceeds
the system capacity).

A novel topic of this pper is to investigatthe improved
efficiency of interactive multicast schemes in gstrial TV,
something thato our knowledgmot has been offered before.

Multicasting can increasethe system spectral efficiency
(SSE) in bit/s/Hz/transmitte, i.e. reduce the required
spectrum or it can increase the number of TV programs
can be offered over a given spect. It is especially of
interest for mobiléFV, since an interaction channel is alre:
available.

A second novelty of this paper the introduction of a
heterogeneus user behavior modeepresenting two distinct
groups of userdiving in different parts of the area, wi
different TV program preferenct Multicasting can take
advantage of heterogeneous TV program sele

A third novelty is a Bw use othepacket and resource plan
scheduling(PARPS)scheme, which was introduced in 1,
at that timefor unicast service[2] In this study, the scheme is
extended tanulticast services. PARFprovides a generic and
optimized approach to pack-by-packet dynamicradio
resource manageme(RRM).

In this paper, PARP$ usedas an approach tBynamic
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Fig. 2. Simple Continuous Transmission DSFN casle mo fading, for four
transmitters (x) and four resource plans (RP). Taleulated coverage of
each zone has different color. No fading.

Single Frequency Network®SFNs). DSFN is the dynamic
formation ofSingle-Frequency NetworKSFNs), i.e groups of
transmitters sending the same signal simultanecmaty the
same frequency; something facilitated by OFDM atide
frequency-domain equalization schemes. In DSFN reelse
the SFN grouping is changed dynamically from tiraesb
timeslot by a scheduling scheme, based on traffed land
channel condition measurements. It facilitates ceffit
implementation of interactive multicast over tetries DVB,
and may further increase the system spectral effay (SSE).
The expense of DSFN is receiver side channel dondit
measurements, to be sent over the interaction ehabDSFN
was studied for the unicast interactive serviceun previous
work ([2], [3]), where it had similar aim as sofsfdover in
3G cellular systems, and Coordinated
Transmission (COMP) in the LTE 4G system.
Fig. 2 illustrates PARPS for a system consistingfaafr
transmitters, all using the same frequency chanRelr

multi-user SSEMSSE) inusershit/s/Hz/transmitter

The duty of the PARPS scheme is to assign one resou
plan to each timeslot in the centrally controllgdtem, and to
assign data to each zone during that timeslot,coasehannel
condition measurements and current traffic load: @bjective
function of the scheduling is to maximize the MSSE.

A data packet queue is arranged for each zone ¢h ea
resource plan. An incoming data packet addressedctrtain
multicast group is placed in several queues, omeefich
resource plan that it can be covered by. Basecharbpective
function, such as maximizing the throughput, théesee
assigns one resource plan to each timeslot in dine.zThis
concept allows dynamic RRM for each data packetauit the
need of calculating traffic-dependent signal-teiférence-
and-noise ratio (SINR), but only once for each useeach
resource plan, as long as channel conditions dochange.
PARPS is a generic approach, which also may be tmed
timeslot-by-timeslot control of RRM parameters suah
transmission power, link adaptation, MIMO, and mantlyer
RRM parameters.

Fig 2 is an example ofontinuous transmission DSF(CT-
DSFN), where transmitters send with constant powhile in
non-continuous transmission DSENCT-DSFN) the signal is
switched off in certain resource plans, meaning keyed or

IMPLEMENTATION ASPECTS

switched on and off between timeslots. NCT-DSFN is
however not practically feasible without modificati of
today's DVB-T/T2 transmitter equipment. In current

transmitters, automatic power control is desigre@drovide a
constant non-zero radiated power level. When thatisignal

Multi-poin0 the transmitter is shut of, the power controlisfaat

achieving the desired level and triggers a faikigmal.
On the other hand, DSFN also requires that today's
statistical multiplexors are replaced by more adean

alternativeresource plansre defined, i.e. four different ways Scheduling equipment.

to group the base station transmitters into SFN:s.

During timeslots that are assigned to resource fplagach
transmitter belongs to its own SFN of size one dmaitter,
each sending different signals. The coverage dreaah SFN

is called azone which is limited in this case due to their

mutual co-channel interference (cross-talk).

When using resource plan 2 and 3, transmitters fugger
zones which gives better coverage. However, with tenes,
only two different signals (two TV programs at an¢i) can be

A concept similar to DSFNs was introduced in [4§ 48],
for the insertion of local broadcast content in DWBand
DVB-T MUX streams, coverindocal service areagLSA),
i.e. stationary SFN formations.

DSFN requires introduction of time slots, and would
therefore benefit from new features of the DVB-Tanslard,
such asTime-Frequency Slicing TFS) and local service
insertion through the DVB-2 Modulator InterfacgT2-Ml).
Time slicing is utilized in DVB-T2 to provide dynam

delivered simultaneously in the system. During ¢hesdllocation of services. See Fig 1

timeslots, the SSE ihit/s/Hz/transmitteris half the SSE of
resource plan 1.

When selecting the resource plan 4, all the tratieriare
grouped together into one SFN, and the coveragenig
limited by noise and interference from externahsmaitters.
This results in a larger coverage area of the syskéowever,
since only one TV program at a time can be semt,SBE
would suffer if plan 1 is used often. The most yap
programs should be transmitted using this resoplae, thus
serving many users and resulting in what we heleachigh

Return channels such as DVB-RCT have been discussed
several papers, and interactive services have bestad in
pilot projects such as Multimedia-Home-Platform][1ut
without a clear killer application. However, retuchannels
are available for mobile-TV reception, and alsaémsingly in
Internet connected TV sets. We suggest that inigeac
multicast as a major application of a return channe

The combination of DSFN and interactive multicagtin
resembles the eMBMS cellular service (enhancediMallia
Broadcast Multicast Service) for cellular 4G LTEtwerks,
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where SFNs are known aswltimedia broadcast single TABLE |
frequency networks (MBSFNE§]. PARPS and NCT-DSFN SMULATION PARAMETERS
can potentially be utilized to achieve optimized BWS Symbol  Quantity Value
transmission, with Multicast-Broadcast Single Fremgy o T AT 4
Network (MB-SFN) channels. The resource plans shthgn Nry number of receivers 160
also control other RRM parameters such as tranfmiss Ny number of programs 100
power, error coding, MIMO, etc. SINR Required signal-to-interference-and-noise ratio 10dB
(non-SFN case)
G antenna gain 5 10%
propagation path loss exponent 4
I1l. COMPAREDSCHEMES s log-normal fading standard deviation 8dB
. . zipf exponent 0.95
A total of seven schemes h«_’;\ve been de_S|gned amgradan N external interference and noise level 6 10° W
terms of coverage probability and multiuser systgactral Ber channel bandwidth 6 MHz
efficiency in different scenarios. Scheme A and €& a
reference schemes, representing today’s convehtiomdti-  * = varies in different simulations

frequency networkMFN, i.e. non-SFN) andingle frequency probabilities are the same in all parts of the sagReal user
networks (SFN), while the others are suggested schemdsehavior, in case of two distinct groups of usirgxpected to
Combinations of multicasting, and DSFN, with andhaut be in between these two extreme models.

continous transmission (CT-DSFN or NCT-DSFN), haeen

studied. B. Single-frequency network signal quality model

Scheme ABroadcasting over MFN A locally centralized system consists of a sef\yf centrally

(used in today’s DVB-T/T2/H) controlled and synchronized base station transrajteending
Scheme BMulticasting over MFN information to the satf N, active receiver terminals. The
(similar to basic MBMS and eMBMS) received power from transmitterl TX= {1,2, N.}  at
Scheme CBroadcasting over SFN . )
(used in some of today’s DVB-T/T2/H networks) receiver jT RX= {1,2, Ng} is denotedp,
Scheme DMulticasting over SFN An SFN is a set of one or several transmitters isgnthe
Scheme EMulticasting over CT-DSFN same information simultaneously over the same f&aqy
Scheme FMulticasting over non-SFN NCT (Dynamic ~ channel. The Signal-to-Interference-and-noise R&I8IR) at
channel allocation on a packet-by-packet basis) receivelj, averaged over all OFDM sub-carriers, is: [8]
Scheme GMulticasting over NCT-DSFN
S - Riw; R
In scheme E, F and G, PARPS is utilized, where eahkme G = iy, i U, @)
corresponds to a certain set of resource plans. J N P, +| P, (1_ W, )+ e . P+ g
il I U, il
IV. MODELS AND PERFORMANCE MEASURES where U, I TX is the set of transmitters in the SFN assign
The simulation parameters are presented in Table I. to receiverj (the useful signals);l; =TXWJ, is the set of
A. Program selection models sending transmitters assigned to other receiveis (to-

Zipf-law user behavior is assumed, where the most popular TW#a"nel interferers) in the centralized system; apg; is the
program corresponds to rank 1, the second most popular external interference and noise powigluding thermal noise

program rank = 2, etc, and the number of offered programs ias well as power from transmitters outside the dinated

Noro- The probability that an active user has choséW a system. Vvi,ji [0]] is a weighting factor depending on the

program of rank is: [7] OFDM inter-symbol interference(ISI, caused by time

spreading) andinter-carrier interference (ICI, caused by
(1)  Doppler shift). However, we neglect ISI and ICligkeads to
the approximation in the right term of (2).

A heterogeneous user behavior modelsuggested, where
different programs are popular in different patshe system. .
Users in the left half of the simulated area hame tanking C. Wave propagation model
order (what program that corresponds to rank &t@,in the Random receiver positions, and random log-normadetv
Zipf distribution), and users on the right side tweo, fading, are assumed.
independently of each other, based on a randomugation. The powerP;; in Watt received at receiver positiprirom

Results are also provided for a conventiohainogeneous transmitteri is modeled according to the log-distance path loss
program selection modelwhere the Zipf-law program model (here expressed in non-logarithmic form): [9]
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Here, P, is the transmitter power sent from transmii, F;;
is the random shadow fading effect which is assuteele
log-normal distributed with standard deviatits; dj is the
distance between receivgrand transmitterl; G;; is the
antenna gain, hereassumed to be const (for omni-
directional antennas); and is and exponent which would |
2 in free space, with values in table I.

The OFDM modulation is assumed to eliminate thed of
multi-path propagation fadinglhe effect of mobility is nc
studied.

D. Performance Measures

The Multiuser System Spectral Efficier (MSSE) in
usershit/s/Hz/transmitteris a metric hereby introduced as
normalized measure of the number of users tre served by

multicasting:
!y
$ry

4

where, Rz, is the information rate, anBgy, is the channel
bandwidth in Hz The multiuser channel utilizatico is:

% 2
&) &y

©)
where,Ncrx is the number of activeeceivers(or users) being
covered, Ny, is the number of transmitters aNg;, is the
number of channels (timeslots and frequencies) iredjuo
deliver all selected TV programs to the recei

The MSSE resemblethe conventionalSystem Spectral
Efficiency (SSE) measure ibit/s/Hz/transmitte, but reflects
number of happy users rather than number of trateniV
programs in a given spectrumogular TV programshave
higher weight. If not all selected programs araveeéd, but
popular programs are prioritizeavhile the number of
programs, the spectrum bandwidth and the numbe
transmitters are kept cdast, the MSSE would increas
while the SSE would be constant.

V. THE PARPSALGORITHM

The PARPS scheme was briefly introduced in secl.
Some mathematical notation and criteria are pralin this
section. For details on the scheduling scheme,
optimization formulation of the scheduling probleseg [3]

The PARPS approach turndynamic radio resource
management into a schedulincheme, whictcan be seen as
an optimization problem. The objective function mayr
example be to maximize the MSSE, under cons that that
the signal-to-interferenceatio should b sufficient, i.e.
G, >g, for all receivers.

The SIR boundg, for the chosesrror correction an

modulation schemem should include a margin f
measurement data inaccuracy, e.g. due to termirzgion

Fig. 3. A simple exampleZone borders for NC-DSFN with two
transmitters and four resource planPlan r=1: Both transmitters send
different information on the same chanrPlan 2: Only Tx1 sendsPlan 3
Only Tx2 sendsPlan 4: Both transmitters send the same informatiorthe
same channel, i.e. they form a Single Frequencwbiét

since last measurement. The margin should be basetie
measured variance of the SIR, and en for a desired bit
error probability probability.

The coverage (capture) area of each SFN, sucl G >g,,,
is here called @one.In this paper, a resource plan is a cer
grouping of the base station transmitters into St

A. Resource plans

A transmitter assignment pli T®" is a matrix that specifies
the transmitter power levels and the assignmetraobmitters
to zones in resource planaccording tc

power from transmitter,
A 0,

if it belongs to zome m@énr,

(r) — . (6)
otherwise.

In this study, no power control is practiced, ial
transmitters either send withll power P, or are blocked:

TOT{0,P.} " zir.

(7)

Simple example:The example in lig. 3 is generated from
the following set of transmitter assignment pl

T_lO 10 01
101000 O

Tx1 Tx2
Plan 1

11
0 0

Zone 1

®)

Zone 2

Tx1 Tx2
Plan 2

Tx1 Tx2
Plan 2

Tx1 Tx2
Plan 4

The matrix hasN;, columns andN,, .. rows, where
*+. I* g is the maximum number of zones in e
resource plan. The zone indez is a member of the set
{1L2,..N

The resource plan indexbelongs to the seRP  oR_,

alternative resource plan indic
In a valid transmitter assignment plan, maximum poee
is assigned to each transmitter, correspondinbeddllowing

criteria: q(Tz‘fi)) £1, " 9)

Zone;

ir,

where the Heaside function g(¥) returns 1 if the
argument is norzero, otherwise !
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Fig. 4. There are 15 possible resource plans #DSFN with 4 transmitters.

The calculated coverage of each zone has diffcolar. (No fading)

B. Three categories of resource plan sets

An objective of this study is to compare the follog/three
categories of resource plan sets:

Scheme E:Continuous transmission DSFN
This case is illustrated in Fig. 2 and 4. All traniders are

continuously transmitting at full powd,,, , i.e. ablamns

of all transmitter assignment plans contain attles® non-
zero element.

0 >0, "Z,r.
z (10)

VI. RESULTS

The set of all possible resource plans that fslfilliteria (8) to
(11) for each of the above three PARPS schemesniergted,
and performance is evaluated.

A. Scalability analysis

In this section, the number of possible resoura@nplthat
fulfills the criteria in section B are analyzedgF# illustrates
that the number of possible resource plans in sehEniCT-
DSFN) with 4 transmitters is 15. The number of zi%e4 in
the first resource plan, and less in the othersulAPARPS
scheduling scheme, with one queue per zone in eschurce
plan, would require 37 queues in this case. Manthef are
however not very efficient, and would not be usedthe
scheduling scheme. For example, resource plan \3 afférs
two zones (two simultaneous data streams) and gn@rage.

TABLE Il
NUMBER OF POSSIBLE UNIQUE RESOURCE PLANS

Nn=1] 2 3 4 5 6 7 8 N
F. No 1|3 7| 15 31 63 127 255] Nz
SFN
E.CT- 1|2 5| 15 52| 203 871 4140 By
DSFN
G. NCT- 1| 4| 14| 51| 202 874 413D  21146Bn+-1
DSFN

Table 1l shows that the number of possible resoptaes of
scheme E, F and G respectively grows rapidly wilke t
number of centrally controlled transmitters.

It can be observed that, in the case of no SFNntimeber

of possible resource plansd¥~- 1 . It can also be obser
that the number of DSFN resource plans grows aguprib

Our example: This corresponds to only utilizing resourcei,qo gell numbers B which is the number of ways a sethof

plan 1 and 4 in Fig. 3, and in the set T in equi(k).

Scheme F:No SFN

Maximum one transmitter is sending in each zomwe there
is maximum one non-zero element of each row of eddhe
transmitter assignment plans:
(11)

g(TV)EL "z

elements can be partitioned. It has been shownttizaBell
numbers can be calculated using a recursive forifstating
with B,= B,=1): [10]

232 5 6 38%

79:

(12)

The number of possible resource plans grows non-
polynomially with the size N,,  of the system. The
computational complexitpf PARPS grows at least linearly

Our example: This corresponds to only utilizing resourceyith the number of resource plans. Using the cotapset of

plan 1 and 4 in Fig. 3, and in the set T in (8).

Scheme G:Non-continuous transmission DSFN

This case can be described as a union of the esqlan
sets of category (i) and (ii). Some transmittes lalocked in
some resource plans, such that at least one cohfmome
transmitter assignment plan only consist of zermelnts.
Some transmitters are grouped into SFNs of sizeast two,
i.e. at least of one the rows in one of the plasmssist of two
or more non-zero elements.

possible plans would not scale to large system.

However, the complete set of possible plans isntdrest
for a theoretical analysis of the maximum perforosn
bounds, for example to compare strategy E, F and G.

B. Effect of using a subset of the resource plans

In practical systems, the set of resource plansuldhbe
limited to the most frequently used plans, duéndcalability
issue. In the small case studied in Fig. 5, if obY6 of the
numbers of theoretically possible resource plaesuitized,
the MSSE performance is only reduced by 17%. Téian

Our example: This corresponds to using all four plans in Figindication that the problem size does not havertavgas fast

3, and in the s€xX in (8).

as in table Il, if a performance loss can be a@ukpt
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possible plans, the MSSE performance is atgyeriorate by 17%.
scheme G with 4 transmitters.)

If only the 5 most frequent resource plans used, out of the 51
(For

Je Probability

= MFN (non-SFN)
el SFN
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Fig. 6. Coverage probability (y axis) for non-SKscheme A, B and F) a

SFN (scheme C, D, E and G), vs signairierference-and-noise ratio
requirement of the applied modulation and codirteste (x axis
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Fig. 7. Multiuser Spectral Efficiency (88E) for each scheme, for differ
numbers of offered programs, 100 recesyed transmitters, and tl
heterogeneous user behavior model.
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TABLE Ill
MSSEPERFORMANCEIMPROVEMENT
FOR 1000FFEREDTV PROGRAMS AND 100RECEIVERS

Number of ~ User Scheme [  SchemeE  Scheme G
transmitters  behavior vs.C vs. C vs. C
3 Hetero- 192 % 321 % 342 %
geneous
4 Hetero- 156 % 302 % 329 %
geneous
4 Homo- 132 % 309 % 335%
geneous
= Schemes Evaluation for different number of receivers (100 Programs)
o 10
E= -
o T
S o
5 10° - ok
2 Coet e
g e o
= = =
2 <7 o7
o pe
= -
i} o
= L
3 10" o e
& -o--Scheme G [Multicasting” N FN
= -+--Scheme F [Multica$ting over non-SFN-NCT
2 -o--Scheme E | Multicasting over CT-DSEN
@ -o--Scheme D |-Multi i SEN
& -o-Scheme C | Braadcasting over SFN
g Scheme B | Multicasting over MFN
= 102[-=Scheme A Brdadcasting ove EN;
= 2 3

10" 10 10
Number of Receivers

Fig. 8. MultiuserSystem Spectral Efficienc\MSSE) for each scheme, for
different numbers of receivers, 100 offered progradtransmitters, anthe
heterogeneousser behavior mode

C. Diversity gain

As seen from the Fig. 6, SFN gives a diversity g#i2.6 dB
for 4 transmitters, which according to Shan-Heartly allows
an additional 23 % increase in information rate tfog same
coverage for the simulated c. In the results below, this
information rate increasis assume, and the same coverage
probability of all schemes, making their SSE figures
comparable.The diversity gain increases with the num
coordinated transmitters.

D. Spectral efficiency

Performance in terms ®flultiuser System Spectral Efficiency
(MSSE) for several parameter cases are presentedy.irv
and 8, and in Table lIfor different parameter caseSince the
number of active receivers users) are constant in fig. 7 and
in table Ill,the SSE is proportional to the MS:

Scheme D shows up to 970% gain improvement in S6E
MSSE over scheme C for the simulated cases, medhat
the same amount of TV programs can be offered usir
average only 9% of the spectrum. Scheme E showto
1730% improvement in SSE and MSSE over schem
Scheme E allows up to 1740% more TV programs
scheme C in average over the same spectrum fosaire
amount of receivers.
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VILI.

An emerging struggle can be discerned for the @it UHF
band frequencies that have been released from gnglo
transmission in many countries. Spectrum efficieiscg key
factor in technical comparisons of wireless stadslaiThe
success of DVB-T2 in frequency regulation decisiansgl in
frequency auctions may depend on if its spectrfitieficy
can be made comparable with state-of-the-art egllsystems
competing for the same frequency bands.

Our results suggest that interactive multicastsahéme D)
is highly efficient in terms of system spectrali@éncy (SSE),
meaning a higher number of offered TV programs dher

CONCLUSIONS

the LTE 4G cellular system features Coordinatedtivadint
(COMP), enhanced Multicast Broadcast Multimediaviger
(eMBMS) and Multicast-Broadcast Single Frequency
Networks (MB-SFN).
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same spectrum. They also suggest increase in weitiu thesis made contributions to the simulation model.

system spectral efficiency (MSSE), implying highmmber
of happy viewers. Even better results can be aelievy
combining interactive multicasting with DSFN (scheri).
Such SFN based solutions also allow better covethga
non-SFN solutions.

An unexpected result
improvement is achieved if utilizing
transmission DSFN (scheme G). Also, feasibility rodn-
continuous transmission (scheme F and G) remaihe 8een,

as today's DVB-T2 equipment do not support on-offs

switching of the transmitted signal as yet.

The results are further increasing with the numbér
coordinated transmitters, and also increasing thiehnumber
of offered TV programs, but decreasing with the hamof
receivers per transmitter. The suggested schereghemrefore
especially of interest for low-power transmittess fmobile-

TV. The suggested heterogeneous user-behavior nfodel

program selection results in better improvementn trea
homogeneous model.

Implementing multicasting over continuous transioiss
DSFN is feasible with the current DVB-T2 infrastiure;
timeslots are enabled by time slicing.

A major contribution of this paper is systematipragach to
analyzing the upper bound for the performanceithpbssible
for each of the three schemes E, F, and G. Thdore by
generating all possible PARPS resource plans &seltases.

Scalability is analyzed by deriving analytical esgsions
for the number of possible resource plans. A drakhbaith
PARPS is its computational complexity, since thenbar of
possible resource plans grows rapidly with the neimabf
coordinated transmitters. Simulation results howeskow
that a majority of the resource plans can be skippi¢h little
performance loss.

is that no significant further
non-continuougz]
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Future research involves improving the computationa

complexity of DSFN, for example by using the greehd
distributed algorithms suggested in [3], which ¢alable to
larger networks, but only allows CT-DSFN.

Future research also involves investigating thditpbof
PARPS to control other radio
parameters, such as multiple-input multiple-outfidtMO)
transmission, error coding rate and power conffbis may
potentially be a way to further improve the IP riuast
efficiency not only in DVB-T2. It may also be anpapach to

resource management



