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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-members, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the
ETSI Web server (https:/ipr.etsi.org/).

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including I PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and of the 3GPP
Organizational Partners. oneM 2M ™ logo is atrademark of ETSI registered for the benefit of its Members and of the
oneM2M Partners. GSM ® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

This draft European Standard (EN) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation EL ECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI), and is now submitted for the combined Public Enquiry and V ote phase
of the ETSI standards EN Approval Procedure.

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became a tripartite body
by including in the Memorandum of Understanding also CENELEC, which is responsible for the
standardization of radio and television receivers. The EBU is a professional association of broadcasting
organizations whose work includes the co-ordination of its members' activities in the technical, legal,
programme-making and programme-exchange domains. The EBU has active membersin about
60 countries in the European broadcasting areg; its headquartersisin Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111

Fax: +4122717 2481

The DVB Project is an industry-led consortium of broadcasters, manufacturers, network operators, software developers,
regulators and others from around the world committed to designing open, interoperable technical specifications for the
global delivery of digital media and broadcast services. DV B specifications cover all aspects of digital television from
transmission through interfacing, conditional access and interactivity for digital video, audio and data. The consortium
came together in 1993.

The present document is part 3 of a multi-part deliverable. Full details of the entire series can be found in part 1 [1].
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Proposed national transposition dates

Date of latest announcement of this EN (doa): 3 months after ETSI publication
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 6 months after doa

Date of withdrawal of any conflicting National Standard (dow): 6 months after doa

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document describes the next generation transmission system for digital hybrid (combination of terrestrial
with satellite transmissions) broadcasting to handheld terminals. It specifies the differences of the Hybrid Profile
physical layer part to the physical layer part of the Base Profile ETSI EN 303 105-1 [1] from the input streamsto the
transmitted signals. Thistransmission system isintended for carrying Transport Streams or generic data streams feeding
linear and non-linear applications like television, radio and data services. DVB-NGH terminals might also process
DVB-T2-litesignas.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ETSI EN 303 105-1: "Digital Video Broadcasting (DVB); Next Generation broadcasting system to
Handheld, physical layer specification (DVB-NGH); Part 1: Base Profile".

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

Not applicable.
3 Definition of terms, symbols and abbreviations
3.1 Terms

For the purposes of the present document, the terms given in ETSI EN 303 105-1 [1] apply.

3.2 Symbols

For the purposes of the present document, the symbols given in ETSI EN 303 105-1 [1] apply.

ETSI
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3.3 Abbreviations

For the purposes of the present document, the abbreviations given in ETSI EN 303 105-1 [1] apply.

4 DVB-NGH hybrid system definition

4.1 System overview and architecture

411 Overview

The Hybrid Profile - reflected by the present document - specifies the hybrid signal format, composed of a component
coming from the terrestrial network, and an additional component, coming from the satellite. Hybrid signals according
to the NGH profile reflected by the present document include an additional P1 symbol (aP1, see ETSI

EN 303 105-1 [1], clause 11.8.3). The satellite component of the Hybrid Profile - reflected by the present document - is
defined for channel bandwidths 1, 7, 2 and 5 MHz (these three bandwidths are also covered by the Base Profile [1]).

Hybrid NGH signals can aso be Base Profile compliant, in which case they are covered by ETSI EN 303 105-1 [1].

Besides defining the hybrid signals, the Hybrid Profile - reflected by the present document - defines moreover the
mechanisms to receive two signals simultaneously (one signal from aterrestria transmitter and one from the satellite)
and to combine their outputs to a single stream.

Figure 1 represents the high level NGH physical layer block diagram of the Hybrid Profile - reflected by the present
document. Two chains are present, one for the terrestrial component and the other for the satellite component.
Compared to the Base Profile, the terrestrial and satellite chains of the Hybrid Profile - reflected by the present
document - present potential functional differencesin the BICM, frame building and waveform generation. The system
architecture of the satellite component is that of the terrestrial component, with the possibility of replacing the OFDM
modulation block by the SC-OFDM modulation block, characterized additionally by the absence of particular functional
blocks as explained in clause 4.1. Time frequency dicing can be applied to both, the terrestrial and the satellite
components.

Terrestrial
TS or GSE . Bit Inte_rleaVEd _ . \r Signal on air
inputs ™ Input processing - Coding & » Frame Building — OFDM generation —>
Modulation |
R — f
TS or GSE
inputs
Bit Interleaved Waveform  Signal on air
TS or GSE ! _ . _ _ (OFDM or
> — Input processing > Coding & » Frame Building — |
inputs ) SC-OFDM) '
Modulation . A
generation {
Satellite

NOTE: Blocks differing from the Base Profile are shaded grey.

Figure 1: High level NGH physical layer block diagram of the Hybrid Profile
- reflected by the present document
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Both SFN and MFN configurations are possible for the Hybrid Profile - reflected by the present document. In the SFN
case, when the satellite and terrestrial components share the same frequency, the signal transmitted in the two
components shall be exactly the same. The system input(s) to the terrestrial and the satellite path may differ from each
other in the MFN case. Inthe MFN case, the system architecture of the Hybrid Profile of DVB-NGH - reflected by the
present document - is composed of two components: the terrestrial component, as specified in ETSI EN 303 105-1 [1],
and the satellite component, as represented in figure 1.

MISO in the Hybrid Profile - reflected by the present document - is applicable to OFDM only, to both, the terrestrial
and the satellite paths.

Table 1 indicates the allowed parameter settings for the Hybrid Profile - reflected by the present document. According
to it, the following hybrid cases can be devised:

SFN, OFDM: The terrestrial network and the satellite share the same frequency and the same signal is
transmitted on the two components. The signal waveform is OFDM and the preambles of both components
consist of aP1 plus an aP1 symbol. The OFDM parameter set is applicable to both components, terrestrial and
satellite. Alternatively, the Base Profile could be adopted for both components. In that case the P1 part of the
preambl e of both components consists of a P1 symbol only.

MFN, OFDM: The satellite signal is transmitted on a different frequency, OFDM is used on both components.
Theterrestrial component is transmitted according to the Base Profile, the satellite component according to the
OFDM settings listed in table 1. The preamble of the terrestrial component consists of a P1 symbol and the
preamble of the satellite component consists of a P1 plus an aP1 symbol.

SFN, SC-OFDM: This case consists of the satellite coverage and of terrestrial gap fillers sharing the same
frequency of the satellite signal. The SC-OFDM settings are applicable to both components, terrestrial and
satellite. Preambles consist of P1 plus aP1 symbols for the satellite and the terrestrial component.

MFN, SC-OFDM on the satellite component, OFDM on the terrestrial component: The terrestrial component
is configured in line with the Base Profile, the satellite component using the permitted SC-OFDM settings
outlined in table 1. The preamble of the terrestrial component consists of a P1 symbol and the one of the
satellite component of a P1 plus an aP1 symboal.

Table 1: Allowed parameter settings for the Hybrid Profile - reflected by the present document

Parameters Hybrid waveform

Modulation OFDM SC-OFDM
Bandwidths 1,7 MHz X
2,5 MHz X
5,0 MHz X
6,0 MHz
7,0 MHz
8,0 MHz
10,0 MHz
15,0 MHz
20,0 MHz
Constellations QPSK X X
16-QAM X X
64-QAM
256-QAM
FFT sizes 0,5k
1k X
2k X
4k
8k
16k

x|x|%|G

XXX

ETSI
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Parameters
Modulation

Hybrid waveform
SC-OFDM

OFDM

Guard intervals

1/128

1/32

X

1/16

X

19/256
1/8 X
19/128
1/4 X
Single P1
P1 +aP1
Continuous
pilot symbols
PP1
PP2
PP3
PP4
PP5
PP6
PP7
PP9
1/5 (=3/15)
4/15
1/3 (=5/15)
2/5 (=6/15)
7/15
8/15
3/5 (=9/15)
2/3 (=10/15)
11/15
3/4

MISO X

Time de-interleaver According to

size See note 2 clause 6.2 According to clause 6.2

NOTE 1: Not all parameter settings listed above can be combined with each other.
The exceptions are described in the following clauses.

NOTE 2: In situations where a receiver needs to time de-interleave both, the terrestrial
and the satellite signal, in parallel, limits for the time de-interleaver size
outlined in clause 6.2 apply to the combination of both signals, i.e. they
cannot simultaneously make use of the full specified time de-interleaver
memory size.

Preambles

X
X

Pilot patterns

XXX [X XX

FEC code rates

XXX XXX XXX | X
XX XXX XXX XXX

4.1.2

The block diagram, illustrating the functional differencesin the BICM stage, is shown in figure 2. Further to the time
interleaving configurations of the Base Profile, the Hybrid Profile - reflected by the present document - allows a
concentration of cells at the end of the logical frame sequence over which a FEC block is spread (uniform-late
interleaving).

Bit-interleaved coding and modulation, MISO precoding

ETSI
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: . Demux ) /Q Inter-frame MISO
FEC encoding Bit bits to Map cells to Cell Constellation component convolutional and recodin -
(16K LDPC/BCH) interleaver constellations interleaver rotation . P X intra-frame block P 5 L -
PLPO cells interleaving 5 . (*)
interleaving
Inter-frame
. . D . | . MIsO
FEC encoding Bit lemux Map cells to Cell Constellation /Q convolutional and . -
—» > —» bitsto [—w . . . —» component [—» . precoding
(16K LDPC/BCH) interleaver constellations interleaver rotation . X intra-frame block P -
PLP1 cells interleaving . . (*)
interleaving
To logical
frame builder
Inter-frame
D l MISO
FEC encoding Bit bietr::: Map cells to Cell Constellation com /(?nent convolutional and recodin
(16K LDPC/BCH) interleaver constellations interleaver rotation . P . intra-frame block P - LR -
PLPn cells interleaving N . (*)
interleaving
L1-PRE FEC encoding MISO L1-PRE
. L1-PRE M lls t . To NGH fi
bits | scrambling —» (Shortened/punctured > Co::;:”ea:io:s —» Precoding 744 ° builder:me
4K LDPC/BCH) (*)
L1 5|gna!|ng
generation
L1-POST FEC encoding Bit Dlemux Map cells to MISQ L1-POST )
scrambling —m (Shortened/punctured —» interleaver —m  bitsto —m constellations —m Precoding |——» To logical
L1-POST 4K LDPC/BCH) cells *) F==™  frame builder
bits
NOTE: (*):  Applicable to OFDM waveform only.

4.1.3

Figure 2: BICM of the Hybrid Profile - reflected by the present document
(applicable to the terrestrial and the satellite path)

Frame building, frequency interleaving

The block diagram, illustrating the functional differencesin frame building stage, is shown in figure 3. Thisis the same
architecture as the Base Profile except for the allocation of space for the aP1 symbol. Asfar asthe physical and the
logical framing is concerned, the same mechanisms are used for the terrestrial and satellite components. These
mechanisms are described in ETSI EN 303 105-1 [1], clause 9. The frequency interleaver is applicable to OFDM only.

4.1.4

e |
PLPO } Assembly }
| of common |
——»| | PlPcells | Logical Frame NGH Frame Builder
ppr | T Builder (assembles
} ,;S;e:n;;; } (assembles slmo.dull;ted cells :f
! of data PLP } modulated cells of t?;aREra.mes”fan
! ; ! PLPsand L1-POST A SEEITS
1l 1 ignalling into into arrays
"""" logical frames. Gl 3D
E— } 7777777 1 Operates Logical OFDM or SC-OFDM
PLPn | Sub-slice 1| according to frames S CReRizs
| processor | dynamic gccoinglio
" | scheduling dynamic scheduling
777777 information aroimation
produced by proStced Ly
scheduler) scheduler, allocates
i } space for P1and
Assembly 1 aP1 symbols, pilots,
——» | of L1-POST | L1-PRE tone reservation
LLPOST| | cells | ~ ™  (OFDMonly)as
ffffffff required

]
} Frequency |
— interleaver |
| (OFDM only) !
i

]

To OFDM or
SC-OFDM
generation

Figure 3: Frame builder of the Hybrid Profile - reflected by the present document
(applicable to the terrestrial and the satellite path)

OFDM generation

The block diagram, illustrating the functional differencesin the OFDM generation stage, is shown in figure 4. The only
functional differenceisthe insertion of the additional preamble symbol aP1, following the preamble symbol P1, as
specified in ETSI EN 303 105-1 [1], clause 11.8.3.

Pilotand |l I
reserved tone 7—>‘ eSFN ‘
erved I predistortion |!
insertion |! |

s
PAPR ‘ Guard

reduction |+

interval
| insertion ||

H P1&AP1 || D/A 1oTX1

f—  symbol ™ .

I ) -3 CONVErsion |-
Insertion || |

To transmitter(s)

Figure 4. OFDM generation (applicable to the terrestrial and the satellite path)
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4.1.5 SC-OFDM generation

The block diagram, illustrating the SC-OFM generation stage, is shown in figure 5. The functional differencesto the
OFDM generation are the additional spreading stage (see clause 8.1 below), a different pilot pattern, the absence of
continual pilots, the absence of edge pilots, the absence of aframe closing symbol (see annex A for the latter three), the
absence of PAPR reduction and the additional preamble symbol aP1 (specified in ETSI EN 303 105-1 [1],

clause 11.8.3). Furthermore, the number of sub-carriers per SC-OFDM symbol is even.

. Guard P1 & AP1
— Srzr;?rd')n 8 > Pilot insertion > IFFT > interval > symbol > Con\% rAsion -
M insertion Insertion To transmitter
Figure 5: SC-OFDM generation (applicable to the satellite path only)
) Input processing

Input processing follows the same mechanism as the Base Profile [1]. The compensating delay function enables the
end-to-end delay of services transmitted in both the terrestrial and satellite signalsto be aligned. An important use case
for thisis hybrid combining of aterrestrial and a satellite signal in a hybrid Multi-Frequency Network (MFN). For
instance, the terrestrial signal may use time interleaving of duration 1 sfor the considered input stream, while the
satellite signal uses 10 s. Hence, a compensating delay of 9 s shall be used in the terrestrial modulator for thisinput
stream, while the satellite modulator does not need any compensating delay.

6 Bit interleaved coding and modulation

6.0 Overview

The bit interleaved coding and modulation module is almost identical to the one of the Base Profile. The differences are
described in this clause.

6.1 Constellation mapping

64-QAM and 256-QAM constellations (uniform and non-uniform) shall not be used for the satellite component, i.e.
(NU-)64-QAM and (NU-)256-QAM are only allowed in the Hybrid Profile - reflected by the present document - for the
terrestrial component in an MFN configuration.

6.2 Time interleaver

Thetime interleaving in hybrid signalsis amost similar to the procedure described in ETSI EN 303 105-1 [1],
clause 6.6 of the Base Profile. The differences are explained in this clause.

While the Base Profile ETSI EN 303 105-1 [1] spreads the IUs uniformly over the configured time interleaver length P;,
hybrid signals allow a concentration of cells at the end of the NGH logical frame sequence, over which a FEC block is
spread (uniform-late interleaving). Hence it is possible to transmit fewer cells of a FEC block in the first logical frames
than in the last logical frames, over which the FEC block is distributed. This group of last logical framesis referred to
asthe"late" part of the time interleavering frame.

There are two new hybrid-specific parameters: P, = TI_LATE_LENGTH represents the length of the late part of the
timeinterleaving in terms of logical framesinside the full time interleaver length P; (allowed value rangeis0to 7), and
Napp 1v per Late = NUM_ADD_IUS PER_LATE_FRAME is the number of additional |Us per logical framein the
late part (additional to the 1 IU per logical frame that is present according to ETSI EN 303 105-1 [1], clause 6.6) - its
allowed values range from 0 to 15.

If multiple T1 blocks are used per interleaving frame (TIME_IL_TYPE ="'0'), then P, = TI_LATE_LENGTH shall be
0.
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In the case of hybrid signalsand TIME_IL_TYPE ='1', the parameter P, = TIME_IL_LENGTH takes a value ranging
from 0 to 63 and shall be greater than or equal to P)ze.

The number Ny of 1Us per FEC block (equivalent to the number of block interleavers per TI-block) is calculated by
using the additional parameters Py, 8Nd Napp 1y PER LATE:

Ny = Py + Plate - NaDD 1U PER LATE
The value of Ny shall not exceed 128.
Moreover, the delays are calculated differently from clause 6.6 of the Base Profile ETSI EN 303 105-1 [1]:
For delay index k = 0,.., P, — 1:
D(k) = k - Lymp.
For delay index k = Py,.., Njy — 1:
D(k) = ([k — PJmod Piare + P; — Piate) * Ljymp-
The delay values D (k) shall not exceed 128.

The same delay value may be used for several IUsin the late part, asisillustrated in figure 6. For this example, there
are three times as many IUsin the last two logical frames than in the first two logical frames.

Delay lines
|' 1
>
D >
D|D -

D|D >
D|D]D -
D|D -

NOTE: Each delay element represents a delay of one logical frame.

F|gure 6 Delay I|nes fOI’ Pl = 4, Plate = 2, NADDJU?PER?LATE = 2, and I]UMP =1

Hybrid receivers can make use of two levels of time de-interleaving (TDI) memory (for instance one on-chip memory
and one external memory). Therefore for hybrid signalstwo TDI memory limits are applicable:

. The sum of Nyys pLp (as specified in ETSI EN 303 105-1 [1], clause 6.6.5) over all PLPsin agiven PLP
cluster shall not exceed 2%-memory units (MU). Asin ETSI EN 303 105-1 [1], clause 6.6.5, an MU
corresponds to 2 cellsfor QPSK and 16-QAM, and to 1 cell for (NU-)64-QAM and (NU-)256-QAM.
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o For specifying the second limit, the following definition of the number of MUs of a given PLP that can be
transmitted in one TI-block applies:

NMUs,PLP,frame = (Nlarge . Mlarge + (NIU - Nlarge) ' Msmall) ' NFEC_TI_MAX

where the required parameters are defined in ETSI EN 303 105-1 [1], clause 6.6.3. The second memory limit is as
follows: The sum of Nyys pLp frame OVEr @l PLPs associated with the same service shall not exceed 2'&.

When the components (terrestrial and satellite) of a hybrid signal are combined in the receiver, its TDI memory has to
alow for the simultaneous de-interleaving of PLPs from both received signals. Therefore, the two limits outlined above
shall be observed in respect of the sum of the TDI reguirements of all PLPs carrying the desired service components
from both these signals. That means that the MU sum has to be calculated not only over the PLPs from one signal but
from both.

NOTE 1: Thetwo limitsallow afirst level of de-interleaving to store all relevant PLPs from one or two received
signalsinto afirst memory of size 28 memory units during the current logical frame. At the end of the
current logical frame, some of these stored IUs are forwarded to the decoder, while the rest can be
transferred to a second memory of size 22! - 218 memory units that implements the required delay lines
(see ETSI EN 303 105-1 [1], clause 6.6.3) representing the second level of de-interleaving.

NOTE 2: Itisexplicitly allowed to have, within a PLP cluster, on the one hand PLPs, which use multiple T1 blocks
per interleaving frame (TIME_IL_TYPE ="'0") and on the other hand PL Ps using multi-frame Tl
(TIME_IL_TYPE ='1). Similarly, the PLPs within a PLP cluster may have different interleaver depths
P

Finally, the Receiver Buffer Model (RBM) extension to consider is the one for the Hybrid Profile building in annex B.

6.3 Distributed and cross-polar MISO

MISO isonly available in the Hybrid Profile - reflected by the present document - for the terrestrial path and follows the
same mechanisms as defined in ETSI EN 303 105-1[1], clause 7.

7 Layer 1 signalling data specific for the Hybrid Profile

7.1 P1 and additional P1 signalling data

The Hybrid Profile - reflected by the present document - is signalled in the preamble P1 with the values S1 = 111 (ESC
code) and S2 field 1 = 001 or 010 respectively for hybrid SISO and hybrid M1SO, as described in ETS
EN 303 105-1 [1], clause 8.2.2.

The preamble P1 is followed by an additional P1 (aP1) symbol. The aP1 symbol has the capability to convey 7 bits for
signalling and the information it carriesisillustrated in figure 7.

S3(3b) | S4Field 1 (3b) S4Field 2 (1b)

Waveform FFT/Glsize Reserved

Figure 7: aP1 signalling field for NGH Hybrid Profile - reflected by the present document

. The S3field (3 bits) indicates the waveform used in the NGH frame in the SISO and MISO variants of the
Hybrid Profile reflected by the present document, as described in table 2.
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Table 2: S3 field

S3 field Waveform Description
P2 and all data symbols in NGH-
000 OFDM frame are modulated using OFDM
waveform
P2 and all data symbols in NGH-
001 SC-OFDM frame are modulated using SC-
OFDM waveform
010 - 111 |Reserved for future use

The combination S1 ="111", S2="001x" or "010x", and S3 = "001" shall not be used.
The $4 field 1 (3 bits): FFT and Gl size:

e  Thefirst 3 bits of the $4 field are referred to as $4 field 1. According to the waveform information carried by
S3field, $4 field 1 indicates the corresponding FFT size and the guard interval for the remaining symbolsin
the NGH frame. The value and meaning of $4 field 1 are given in tables 3 and 4 for OFDM and SC-OFDM
waveform case respectively.

Table 3: S4 field 1 (for OFDM waveform, S3 = 000)

S3 S4 field 1 FFT/GI size Description
000 000 FFT Size: 1K - guard interval 1/32 Indicates the FFT size and
001 FFT Size: 1K - guard interval 1/16 guard interval of the OFDM
010 FFT Size: 2K - guard interval 1/32 symbols in the NGH-frame
011 FFT Size: 2K - guard interval 1/16
1IXX Reserved for future use

Table 4: S4 Field 1 (for SC-OFDM waveform, S3 = 001)

S3 S4 field 1 FFT/GI size Description

001 000 FFT Size: 0.5K - guard interval 1/32 Indicates the FFT size and
001 FFT Size: 0.5K - guard interval 1/16 guard interval of the SC-
010 FFT Size: 1K - guard interval 1/32 OFDM symbols in the NGH-
011 FFT Size: 1K - guard interval 1/16 frame
100 FFT Size: 2K - guard interval 1/32
101 FFT Size: 2K - guard interval 1/16
110 - 111 |Reserved for future use

The SAfield 2 (1 bit): Reserved for future use.
Thelast 1 bit of the S4 field isreferred to as S4 field 2 and it is reserved for future use.

The modulation and construction of the aP1 symbol is described in ETSI EN 303 105-1 [1], clause 11.8.3.

7.2 L1-PRE signalling data

The Hybrid Profile - reflected by the present document - uses the same L1-PRE signalling as defined in clause 8.2.3 of
the Base Profile [1].

7.3 L1-POST signalling data
7.3.1 L1-POST configurable signalling data

Table 5 highlights the signalling specific to the Hybrid Profile - reflected by the present document - added to the L1-
POST configurable signalling defined in clause 8.2.4.2 of the Base Profile ETSI EN 303 105-1 [1].
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ELSE {

PLP_MOD 3 Bits
}

IF S1 = "111" and S2 = "001x" or "OxOx" {

TI ME_I L_LATE_LENGTH 3 Bits
NUM_ADD_| US_PER LATE_FRAVE 4 Bits
}

PLP_MOD: 3-hit field indicates the modulation used by the given PLP. The modulation shall be signalled according to

table 6.

Table 6: Signalling format for the modulation

Value Modulation
000 QPSK
001 16-QAM
010to 111 Reserved for future use

TIME_IL_LATE_LENGTH: This 3-bit field represents the length Piae Of the late part in terms of logical frames. The
Late part isthe last part of the full Time Interleaver length, which issignalled by TIME _IL_LENGTH.

NUM_ADD_IUS PER_LATE_FRAME: This4-bit field indicates the number Napp_ju_per LaTe Of interleaver units
(1Us) in the late part in addition to the one IU present in every logical frame.

7.3.2

The Hybrid Profile - reflected by the present document - uses the same L1-Dynamic signalling defined in clause 8.2.4.4
of the Base Profile ETSI EN 303 105-1 [1].

L1-POST dynamic signalling data

7.3.3

The Hybrid Profile - reflected by the present document - uses the same in-band type A signalling defined in
clause 5.2.4.2 of the Base Profile ETSI EN 303 105-1 [1].

In-band signalling type A

8 Frame Builder

8.1 SC-OFDM
8.1.1 NGH hybrid SC-OFDM frames

8.11.1
The beginning of the first preamble symbol (P1) marks the beginning of the NGH hybrid frame.

Duration of the NGH hybrid SC-OFDM frame

The number of P2 symbols Np, is determined by the FFT size as given in table 10, whereas the number of data symbols
Lgata in the NGH hybrid SC-OFDM frame is a configurable parameter signalled in the L1-PRE signalling, i.e. Ly, =
NUM_DATA_SYMBOLS. The total number of symbolsin aframe (excluding P1 and aP1) is given by L = Npy+L 44
The NGH SISO frame duration is therefore given by:

Tp = LpxT+2xTpy,
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where T is the total SC-OFDM symbol duration and Tp, is the duration of the P1 and aP1 symbols (see ETSI

EN 303 105-1 [1], clause 11.5). For the SC-OFDM component, L 4aa Shall be a multiple of 6, so as to form data sections
of 6 symbols each.

The maximum value of the frame duration T shall be 250 ms, as for the Base Profile ETSI EN 303 105-1 [1]. Thus, the
maximum number for L is as defined in table 7 (for 5 MHz bandwidth).

Table 7: Maximum frame length Lg in number of SC-OFDM symbols for different FFT sizes
and guard intervals (for 5 MHz bandwidth) (satellite component)

. Lr for Guard interval fractions
FFT size Tu [mS] 1/32 116
2K 0,3584 670 652
1K 0,1792 1345 1309
512 0,0896 2 695 2617

The minimum number of SC-OFDM symbols L shall be Np, + 12. In all cases, the number of SC-OFDM symbols L

shall be Np; + 6xn, where nis an integer number. The values provided in the table above take this constraint into
account, considering the values of Ng» provided with table 10.

The P1 and aP1 symbols carry only P1-specific signalling information (see clause 7.1). P2 symbol(s) carry L1-PRE
signalling information (see ETSI EN 303 105-1 [1], clause 8.2.3) and, if there is free capacity, they also carry data from
the common PLPs and/or data PLPs. Data symbols carry cells of the logical frame that comprises L1-POST signalling
information, common PLPs and/or data PLPs as defined in [1], clause 9.2. The mapping of the logical frame onto the
symbolsis done at the SC-OFDM cell level, and thus, P2 or data symbols can be shared between multiple PLPs. If there
is capacity left in the NGH hybrid frame, it isfilled with auxiliary streams (if any) and dummy cells as defined in ETSI
EN 303 105-1 [1], clauses 9.2.4 and 9.2.5. In the NGH hybrid SC-OFDM frame, the common PLPs are always located
before the data PLPs. The mapping of PLPs onto the NGH hybrid SC-OFDM frameis defined in clause 8.1.1.2 below.

8.1.1.2  Capacity and structure of the NGH hybrid SC-OFDM frame

The frame builder shall map the logical frame cells and L1-PRE cells from the constellation mapper onto the data cells
Xm,1,p Of €ach SC-OFDM symbol in each frame, where:

. misthe NGH- hybrid SC-OFDM frame number;

e listheindex of the symbol within the frame, starting at O for the first P2 symbol, 0 <1 < Lp;

. p isthe index of the data cell within the symbol prior to pilot insertion.
Data cells are the cells of the SC-OFDM data symbols which are not used for scattered pilots.

The P1 and aP1 symbols are OFDM symbols, but not ordinary ones, and do not contain any active SC-OFDM data cells
(see ETSI EN 303 105-1 [1], clause 11.8).

The number of active carriers, i.e. carriers not used for scattered pilots, in one P2 symbol is denoted by Cp, and is
defined in table 8. Thus, the number of active carriersin all P2 symbol(s) is NppyxCpy.

The number of active carriers, i.e. carriers not used for pilots, in one normal symbol is denoted by C, Table 9 gives
values of Cy;, for each FFT mode. These values shall be divided by two to compute the number of active carriers for
the data symbols carrying also scattered pilots.

NOTE 1. Extended carrier modes are not used for the satellite component when the SC-OFDM waveformis
applied.

NOTE 2: Tone reservation is not used together with frames using the waveform SC-OFDM.

In al combinations of FFT sizes and guard interval lengths, the last symbol of the NGH hybrid SC-OFDM frameisa
data symbol carrying also scattered pilots.
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Hence the cell index p takes the following range of values:
e 0=<p<Cpyfor0=<I<Npy,
e  0=<p<CyyaforNpp,<I<Lg-1and(l - Np2)%6 # (Dv-1); (Dy=6)
o  0<p<Cyyil2forNp,<I<Lg-1and(l - Np2)%6 = (Dv-1);

Table 8: Number of available data cells Cp, in one P2 symbol

FFT size Cr2 (SISO)
512 216
1K 432
2K 864

Table 9: Number of available data cells C,, in one data symbol not consisting of scattered pilots

FFT size Cdata
512 432
1K 864
2K 1728

Thus, the number of active SC-OFDM cellsin one NGH hybrid SISO frame (C,) is given by:

11
Cot = Np, * G, +E* Leata ™ Cota

Thisformulatakes into account the fact that one data symbol over six contains datafor one half and pilots for the other
half.
The number of P2 symbols Np, is dependent on the used FFT size and is defined in table 10.

Table 10: Number of P2 symbols denoted by Np, for different FFT modes

FFT size Npo
512 13
1k 7
2k 4

8.1.2

For frames of preamble format NGH hybrid SISO and the waveform SC-OFDM there is no frequency interleaving
applied.

Frequency interleaver

9 OFDM Generation

The OFDM generation for the Hybrid Profile - reflected by the present document - follows the same rules as specified
in ETSI EN 303 105-1 [1], clause 11 for the Base Profile, with alimitation on the number of allowed FFT sizes (see
table 11 below) and bandwidths.

The satellite component of the Hybrid Profile - reflected by the present document - is defined for the following channel
bandwidths: 1, 7, 2, 5 and 5 MHz (these three bandwidths are also covered by the Base Profile ETSI EN 303 105-1 [1]).
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Table 11: Scattered pilot pattern to be used for each allowed combination of FFT size and guard
interval for the Hybrid Profile (reflected by the present document) waveform OFDM

. Guard interval

FFT size 1732 | 116 | 1/8 1/4
PP7 | PP4 | PP2

2K ppa | pps | pp3 | PPL
PP4 | PP2

1K NA | oo | pps | PPL

The preamble symbol P1 isfollowed for the Hybrid Profile by an additional preamble symbol aP1, as specified in ETSI
EN 303 105-1[1], clause 11.8.3.

10 SC-OFDM generation

10.1 Overview

The function of the SC-OFDM generation module is to take the cells produced by the frame builder, as time domain
coefficients, and to spread these cells to obtain frequency domain coefficients. Next, to insert the pilots, which alow the
receiver to compensate for the distortions introduced by the transmission channel, and to produce from this the basis for
the time domain signal for transmission. It then inserts guard intervals in order to produce the completed NGH hybrid
SISO signal of waveform SC-OFDM.

: Guard P1 & aP1
Spreadin I .
P 8 > Pilot insertion  IFFT > interval > symbol o DAL
(FFTwm) . . . s conversion
insertion insertion To transmitter

Figure 8: SC-OFDM generation

The following clauses specify values for cm 1,k for certain settings of m, | and k, where mand | are the NGH frame and
symbol number as previously defined, and k is the SC-OFDM carrier index (see clause 8.1.1).

10.2  Spreading

This clause specifies the spreading applied to cells, prior to pilot insertion and OFDM modulation.

The transmitted signal is organized in frames. Each frame has aduration of T, and consists of L SC-OFDM symbols
and two OFDM preamble symbols (P1 and aP1). Each SC-OFDM symbol is constituted by a set of K, carriers
transmitted with aduration T,

The symbolsin an SC-OFDM frame (excluding P1 and aP1) are numbered from O to L-1. All SC-OFDM symbols
contain data and some of them contain reference information (see clause 10.2 below).

The input cells are grouped in blocks of size M, where M is variable, and a spreading, i.e. an FFT of size M, is applied
to each such group of cells.

The spreading size M, of SC-OFDM symbol | is equa to:
M, =C,,. if symbol | isadata-only symbol,i.e.if | <N, or (I—N,,)mod(D,)=(D, -1

M, =C,,. / 2if symbol | carries scattered pilats, i.e. if (I —Np,)mod(D,)=(D,-1) and =N,

Cuaa depends on the FFT size and is described in clause 8.1.1.2.

Dy is 6 for the SC-OFDM waveform. Xm; is the information to be transmitted on the SC-OFDM symbols (including P2
symbols) in the m" frame.

ETSI



20 Draft ETSI EN 303 105-3 V1.0.3 (2021-12)

Index i variesfrom 0 to L X Cgaa X (2Dv-1)/(2 Dy) - 1

First, this complex information is mapped onto (Lr-Np2) blocks of size M, according to clause 8.1.1.1.
Vii=X%

The symbol index | variesfrom 0 to L -1.

The cell index j varies from 0 to M;-1.

Then, an FFT of size M, is applied to each block:

:_ Z —|27ij/MI
gistheindex of zin the ™ SC-OFDM symbol of size M. q variesfrom0to M, - 1.
Then:

e if Mi= Caaa, no pilot isinserted in this SC-OFDM symbol and G, =7 ,;
. if Mi=Cuaa/2, for k even, apilot isinserted (see clause 10.2).

Forkodd, k= 2q+1, C, , =7 4.

10.3 Pilot insertion

10.3.1 Introduction

Cells containing reference information are not transmitted at "boosted" power level in the SC-OFDM symbols. These
cells are scattered pilot cells. The locations and amplitudes of these pilots are defined in clause 10.2.3 for SISO
transmissions. The value of the pilot information is derived from a reference sequence, which is a series of values, one
for each transmitted carrier on any given symbol (see clause 10.2.2).

Table 12 gives an overview of the different types of pilots and the symbolsin which they appear.

Table 12: Presence of pilots in each type of symbol (X = present)

Symbol Scattered Pilots
P1
P2 X
Data
Data with scattered pilots (PP9) X

Moreover, for the SC-OFDM multiplex, the following applies:
. No continua pilots.
. No edge pilots.
e TheP2pilotsareidentical to the scattered pilots in the data symbols.

. Each last symbol in an SC-OFDM frame is a data symbol with scattered pilots. Therefore, no frame closing
symbol is needed.

. No cell isreserved for PAPR reduction.
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10.3.2 Definition of the reference NGH hybrid sequence

The pilots are modulated according to a reference complex sequence, r; ,, where | and k are the symbol and carrier

indices as previously defined. For the hybrid component, the reference sequence is fixed for each FFT size, and derived
from a modified Zadoff-Chu sequence;

. 2r 2

,.f[q?m ]

n
— — P
rl,q_sq—e

Where the number of pilotsin arelated data symbol, np, isequal to n, = K, /2=Cg,, / 2 and qistheindex of the
pilot cell in the SC-OFDM symbol (g variesfrom 0 to np - 1).

The symbol-level sequence is mapped to the carriers such that the first output complex value (sp) from the sequence
coincides with the first active carrier (k= K;;,) in symbols of FFT size 0,5K, 1 K, and 2 K.

10.3.3 Scattered pilot insertion

10.3.3.0 Overview

Reference information, taken from the reference sequence, is transmitted in scattered pilot cellsin every P2 and every
sixth data symbol of the NGH hybrid frame. The locations of the scattered pilots are defined in clause 10.2.3.1, their
amplitudes are defined in clause 10.2.3.2 and their modulation is defined in clause 10.2.3.3.

10.3.3.1 Locations of the scattered pilots

A given carrier k of the SC-OFDM signal on agiven symbol | will be a scattered pilot if the appropriate equations
below are satisfied:

| <Npz or (I - Np2) mod(Dy) = (Dv-1) and k mod(Dx) =0
where: Dy and Dy are defined in table 13.
ke [Kpin Kmad: ad
l e [0; Lg-1]

Npo isas defined in clause 8.1.1.2.
Lg isasdefinedin clause 8.1.1.1.

Table 13: Parameters defining the scattered pilot patterns

Separation of pilot bearing Number of symbols forming one scattered
carriers (Dy) pilot sequence (Dy)

PP9 2 6

Pilot pattern

For the NGH hybrid SISO frames, all combinations of the scattered pilot pattern (PP9), FFT size and guard intervals are
allowed. The scattered pilot pattern isillustrated in annex A.

10.3.3.2 Amplitudes of the scattered pilots

The amplitudes of the scattered pilots, Agp, are shown in table 14 below.

Table 14: Amplitudes of the scattered pilots

. ; Equivalent
Amplitude (A
Scattered pilot pattern plitude (Agp) Boost (dB)
PP9 1 0
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10.3.3.3 Modulation of the scattered pilots
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The phases of the scattered pilots are derived from the reference sequence given in clause 10.2.2.

The modulation value of the scattered pilotsis given by:

Crik = Ap T o with K=K +2q

where Ag is as defined in clause 10.2.3.2, 1)  is defined in clause 10.2.2, misthe NGH hybrid SISO frame index, kis
the frequency index of the carriers and | is the time index of the symbols.

10.4  IFFT - SC-OFDM modulation

qt)=Re RO p(t—mT)+ap(t—mT )+

m=0

1 &

\/@. 1=0 k<

Gk X V(D)

The IFFT mechanism for the SC-OFDM mode follows the same mechanism as in the Base Profile. The SC-OFDM

parameters are summarized in table 16. The values for the various time-related parameters are given in multiples of the

elementary period T and in microseconds. The elementary period T is specified for each bandwidth in table 15.

Table 15: Elementary period as a function of bandwidth (SC-OFDM)

Bandwidth 1,7 MHz 2,5 MHz 5 MHz
Elementary period T | 71/131 us 7/20 ps 7/40 ps
Table 16: SC-OFDM parameters
Parameter 0,5 K mode 1 K mode 2 K mode
Number of carriers K., 432 864 1728
Value of carrier number K., 0 0 0
Value of carrier number K. 431 863 1727
Duration T, 5127 10247 2 048T
Duration T, us (see notes 1 and 2) 89,6 179,2 358,4
Carrier spacing 1/T, (H
ter spacing 17T, (Hz) 11161 5 580 2790
(see notes 1 and 2)
Spacing between carriers K, and K equivalent to
(Koa-L)/Ty, (Se€ notes 1 and 2) 4,81 MHz 4,82 MHz 4,82 MHz

NOTE 1: Numerical values in italics are approximate values.
NOTE 2: Values for 5 MHz channels.

10.5 Guard interval insertion

Two different guard interval fractions (A/T ) are defined. Table 17 gives the absol ute guard interval duration A,

expressed in multiples of the elementary period T (see clause 10.3) for each combination of FFT size and guard interval

fraction.

Table 17: Duration of the guard interval in terms of the elementary period T

. Guard interval fraction (A/T )
FFT size
1/32 1/16
2K 64T 128T
1K 32T 64T
0,5K 16T 32T
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The emitted signal, as described in clause 10.3, includes the insertion of guard intervals.
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Annex A (informative):
SC-OFDM pilot pattern

This annex illustrates the scattered pilot pattern PP9 for the SC-OFDM waveform, which is used for the satellite path of
the Hybrid Profile - reflected by the present document. It shows the pattern in SISO mode (figure A.1). There are no
continual pilots associated with this waveform.

. Frequency (carrier number)——»
15

First P2 symbol  ——-»
Second P2 symbol---»
= 0
3
B
8 2
R a
)
Z 4
N B B BB EEEN
=
g 6
L 7
8
9
10
Last symbol of the
rameisamoria > V1L L I N BN BN OB OB N

symbol

. Scattered pilot D Data cdll

Figure A.1l: Scattered pilot pattern PP9
(Hybrid Profile (reflected by the present document), SC-OFDM, SISO mode)
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Annex B (normative):
Receiver Buffer Model extension

For the MFN case of the Hybrid Profile reflected by the present document, the receiver buffer model described in ETSI
EN 303 105-1 [1], clause C.2 applies, where the sum of the decoding rates has to be over all PLPsin a PLP cluster from
theterrestrial signal and over those from the satellite signal:

Z Rcodebits,rec,max(n' i) + Z Rcodebits,rec,max(n:j) <12 Mbit/S

Terr: i Sat: j

Moreover, the total size of the de-jitter buffer for storing all PLPsin a PLP cluster from the terrestrial and satellite
signalsis 2 Mbits.

For the SFN case, the receiver buffer model of the Base Profile [1] applies.
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Annex C (informative):
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second generation digital terrestrial television broadcasting system (DVB-T2)".
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