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in which the Multimedia Broadcast Multicast Service

Abstracd 3GPP LTE eMBMS Release 14alsoreferred to as
FeMBMS (Further evolved Multimedia Broadcast Multicast
Service or EnTV (Enhanced TV), is the first mobile broadband
technology standard to incorporate a transmission mode
designed to deliver Terrestrial Broadcast services from
conventional High Power High Tower (HPHT) broadcast

(MBMS) systemwas enhanced to operatea dedicatednode
for thedelively of linear broadcast servicéise.radio and TY,

fulfiling a wide set of requirements input Ilye broadcast
industry[1]. 3 G P P hhancdments for TV (V) study item
proposed several enhancements resulting in the FeMBMS
(further evolved MBMS) of Rell4. In order toleverage the

infrastructure . With respect to the physical layer the main

improvements in FeMBMS are the support of larger inter-site

distance for Single Frequency Networls (SFN) and the ability to

allocate 100% of a ¢ a r nesowaesiosthe broadcast payload

with self-contained signaling in the downlink. From the system
architecture perspective, a receiv@nly mode enables fredo-air

(FTA) reception with no needfor an uplink or SIM card, thus

receiving content without UE registration with a network. These
functionalities are only available in the LTE Advanced Pro
specificationsas5G New Radio (NR), standardized in 3GPPfrom

Release 15has so far focused entirely onunicast. This paper

outlines a physical layerdesignfor NR-MBMS, a systemderived,

with minor modifications, from the 5G-NR specifications and

suitable for the transmission oflinear TV and radio servicesin

either single-cell or SFN operation The paperevaluatesthe NR-

MBMS proposition and comparesit to LTE -based FeMBMS in

terms of flexibility , performance, capacity and coverage.

well-established and proven LTE ecosystem, it was decided to
base FeMBMS on the pexisting LTE Advanced Pro
specifications with enhancements being made as necessary in
order to fulfill the requirement€Enhancementsnadeto the
system archécture comprise: (i) the xMB interface through
which broadcasters can establish the control and data
information of audievisual service; (i) a new Application
Programming Interface (API) for developers to simplify access
to eMBMS procedures in the UsBquipment (UE); (iii) the
support of multiple media codecs and formats; (iv) a
transparent delivery mode to support native content formats
over IP without transcoding (e.g. reusing existing MPEG
TransportStreams and compatible equipmen¥) the suppadr

of shared eMBMS broadcast by aggregating different eMBMS
networks into a common distribution platfgrrand (vi) the
receiveonly mode (ROM) which enabéks devicesto receive
broadcast content with no need faplink capabilities SIM
cards or networksulscriptiors—i.e. freeto-air reception.

From the radio layer point of view the most significant
enhancements are: (i) the possibility to establish dedicated
FeMBMS carriersthat allocateup to 100% of the radio
resources to Terrestrial Broadcast (i.e.hwib frequency or
time multiplexing with unicast resources in the same frame),
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I. INTRODUCTION

Terrestral Broadcast as a 3GPP use case, wkisst
addressedn LTE Advanced Pr8GPPRelease (Re) 14
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TABLE I. NUMEROLOGY OPTIONS INFEMBMS bandwidthconfigurationsn order to cater many different types
OFDM SD of networks ranging from single cell deployments to
CpP . . .. .
Type (k.!z) SCrs Sg’g:g?:ls (us) Tu (Ms) (km) nationwide SFNthe latter requiring a more complex design

andreception environmesffrom fixed rooftop to mobileThe

sePM 2 o 4'176’5;1 or 14 proposed design has beemvaluated in terms of Doppler
MBSEN 75 24 6 333 1333 10 performancecoverage SFN echo tolerance and acquisition of
1.25 144 1 200 800 60 system information and synchronization. As broadcast is not

Note that a Resource Block (RB) in LTE is 180 kHz wide in frequency and 1 slot ~ yet part of BGNR, several assumptionBave been magde
e e it Sramaey 7o " aton.  considering that other partsf the NRMBMS system may
enable the expected functionalities.
HbbTV (Hybrid Broadcast Broadhd TV) sets [6]. The The rest of the paper is organized as folloGsction II
introduction of a ROM and the new framing and numerologyrovides a brief introduction of the physical layer
optionsmay make FeMBMSsuitable for use with conventional characteristics of FeMBMShat are relevant fofferrestrial
broadcast infrastructure (including high, medium and lowroadcast Section Il then introducesthe details of 5G-NR
power sites) Rel15 that have beefurther developdto supportTerrestrial
A further studyitem in 3GPPRel16 [7] hasevaluaedthe  Broadcasin NR-MBMS. Section V evaluates and compares
ability of FeMBMS to support SFNf cells with coverage radii FeMBMS and NRMBMS solutions Section V concldes the
of up to 100 km (implying even longerCP) and nobile paper
receptionwith speedsup to 250 km/h (large SCSA wider

range of numerologis, supporting multiple network | BackGROUND: FEMBMS PHYSICAL LAYER DESIGNFOR
topologes capacity improvements from longer symbol 5G TERRESTRIALBROADCAST
durations (which reduc€P overheads new reference signals

(RS) andgreater bandwidth occupancy were also in the sco
of the study The benefits of time interleavini@] and LDM
(Layered Division Multiplexing) [9], also known as MUST
(Multiuser Superposition Transmissioff)0], were also taken
into consideration The signal acquisition and synchronization
procedure were also evaluatedas the existing numerology
mismatchbetween data and control channfds large SFNs
may lead to coverage issuesreportedin [11] and [12]. Based
on the findings of the Study Item, Work Item may then
standardize further improvemerits Rel16 while taking into
account practical considerations such #splementation

complexity and performance. A. Numenplogyoptionsfor LTE FeMBMS

In paralle|] 3GPPis standardizingsG New Radio (NRjand Different numerology options are available for FeMBMS
5G Core (5G@ specificationswith a new and more efficient operation.

radio layerandflexible system architecturélowever,NR Rel Within an MBSEN area. all the constituerttansmitters
15 and Rell6 have so far focused on unicastAfter the . ,qtqeliver the same content at the same tiorethe same

RAN#79 plenary meeti_ngthe b_road_casWork was split into frequency.The CP appended to thmeginning of the OFDM

two tracks, one to design a m|xe|d|cast/m_ult|cast/tmadca§t symbol avoids InteSymbol Interference (ISI), provided that
modefor NR and another fot TE-baseddedicated Terrestrial g 5ignals are received with relative delays shorter than the CP
Broadcast Although the latterhas become known asTE- y,a0n As set out inTable | FeMBMS has firee values of
basedbG Terrestrial Broadcast, the system is not basesiG extended CRTcp): 16.66ps, 33.33 us an@00 (5. The latter

NR. requiresa 1 ms OFDM symbol duration an entiresubframé.

Several attempthave been made ftart a work item for - :
- The SCS (3 =1/ Ty), and corresponding OFDM symbol
NR-MBMS, but thesewere not sufficiently supportedo take duration {Tu) for these three CPs are also showrTabe |

them any further[13], for example, proposed thetrodudion
of extended CPbased on NR numerolggwithout success. Importanly, the new, ”?“Ch Ipnggr 200s CP Qf Rell4 has
extended thenaximuminter-site distancel§SD) in a network

bri N_everthelesswork_onNR_Iooks set to continue mt‘é_)Qla to around60 km, thus potentiallgupportingMBSFN areasn
ringing an opportunity to introduce new functionalities forIa|PHT networks

Terres_tr_lal Broadcast operation W.'th enh_anced erX|k_)|I|ty aN%" |n all caseghe overhead due to the CP is 20Bke reason
scalabilityover LTE-based speficationswhich are subject to . :
for the comparativelylarge overhead comes from design

legacyconstraints : : . ;
gacy! basedon mobile reception, whera compromisds required

This paperoutlines aphysical layer desigfor a new NR- ; . : .
MBMS systembased on an extension of NRek15. The between capacitythat would increase by reducing the ratio

design hadittle impacton the existing unicashode achieved

by consideringrerrestridBroadcast servicess a configuration 1 n LTE, a10msframe is divided into 18ubframeseach ofl. msduration.
option in which simply, up to 100% of the 5G mixed mode In turn,each subframis divided into twc0.5 msslots Each slotomprises one
carrier resourcesiay be allocated to linear TV/radiewices  Resource Block (RB) in time. In frequenogach RB occupies 180 kHz,

. . . equivalent to 12 consecutive OFDM subcarriers for the normal CP
The designis basedon flexible numerology framing and configumtion (15 KHz SCS)

e Since its introduction in LTE R, eMBMS has generally

een associated with SFN operatio.PLT cellular networks
with the Multicast Broadcas6FN (MBSFN)mode From Rel
13, eMBMS adedanothertype ofradio bearer, known as SC
PTM (singlecell pointto-multipoint), that does not offer SFN
capability but uses the unicast physical data channel with the
regular CP to withstand echo delays due tdtigpath. Both
types of bearers can be configured for Terrestrial Broadcast in
FeMBMS (i.e. the allocation ofup to 100% of the radio
resourcesgnablingtheir respectivdunctionalities. Their main
physical layer characteristics are explaibetbw
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Tep / Tu) and resilience to Dopplepread(greaterrobustness time time
with highers- ). ﬁ
SGPTM does not support SFN and may only be 10
configured with the designed®nt ?
cope with multipath.The overheadfor the normal CP is
around 7% Another difference betweerSGPTM and
MBSFN is that SGPTM data is scheduled using the same
physicaldatachannel as for unicast traffic (PDSGHPhysical t
Downlink Shared Channelyhile MBSFN data is scheduled Lo,
using an a¢hoc physical channel that enabthsextended CP 1234567 891011121314 123456789101112

H H even slots odd slots even slots odd slots
(PMCH - Physical Multicast Channel). SGPTM Normal 15 kHz SGPTM Extended 15 kHz

B. Reference Signals  time. time. time
The MBSFN modes havesat ofreference signaMBSFN I
RS patterns that are denser in the frequermyaincompared
to the standard unicast patteinsorderto help receivers cope [
with the higher frequency selectivity caused by echoes receivi |
from distant transmitters in SENEach basstation (i.e. cell) B EEEE -
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belonging to an MBSFN area transmits the same MBSFI
reference signal pattern at the same frequency positionn
the PMCH .
As shown in Figl, for theMBSFN 15 kHz SCS reference 1234567859101112 1 l
symbols are inserted in every other ®abrier in OFDM vensiots oddslots
symbok 3, 7 and 11 otach suldrame, with a single subcarrier
offset in the OFDM symbahumber 7 For 7.5 kHzSCS one
reference signal is inserted in every four-sabriers inOFDM Type °g D¢ D
symbol number®, 4 and 6 of each stfbame, with a two SCPTMN 15 3
subcarrier offset in OFDM symbol # the 1.25 kHz variant, SGPTME 15 3
onereferencesignalis allocatedeverysix subcarriers, with an 15 ;
3

14 136

=
o

MBSFN 15kHz 9

oW R OO e
H N WSRO N 0O

123456 < D
Ceven T odd even odd
slots subframes

MBSFN 7.5kHz MBSFN 1.25kH.

offsetof 3 subcarrierbetweernddandeven subframes MBSFN 17255

N OO N

With respect tomultipath or echoes- either artificial or
natural — the frequency spacing betweeaference gjnals
determines the length of delay up to which the channel may | Fig. 1. Reference signals for MBSFN subframes and snibframes witl
correctly equalizedwhen using timdrequency interpolation. different numerologies.

Delays up to the duration of the equalization interval (EI) mayggo, broadcast allocation (97.5%py minimizing the
be tolerated. , o signaling required for synchronization, acquisition and system

The El is calculated assuming that the receiseable 10  htormation and moving it into the newly defined Cell
perform time and frequency interpolation. A factor of 57/64 ia.qyisition Subframe (CAS) that is transmitted once every 40
considered to account for realistic receiver implementatiaf},pframes (i.e. 2.5% signaling overhea8GPTM carriers
[14]. According to the f*requce:ry separation between reference;rm more flexible as they can multiplex broadcast data with
S|gnaIst, the El 67/64 TU/Df) for MBSFN subframes is 59.3 higher time and frequency granularityas FDM is possible,

s forw {15, 7.5} kHz and 237.3us for @ 1.25 kHZ.  here jsno need to dedicate complete subframdsroadcast

The overheads due to RS are 12.5% (15 and 7.5 kHz) andThe CAS is formed of the following physical signals and
16.6% (1.25 kHz)Note that in the figuréD is the length of channels:

the RS pattern in OFDM symbols. A PSS(Primary Synchronization Signalyymbol timing
For SGPTM, celtspecific reference signals {RS) are and partial physical cell identity (PCI) information

used, for channel estimation of the RI}§ with the patterns A SSS (Secondary Synchronization Signfime timing,

shown in Fig.1 It can be seen that they are spawsed transmission mode, CP duration and complete PCI.

thereforeoverheadseduce a#. 76 (15 kHz normal CP) and A CSRS (CeltSpecific Reference Signatmplitude ad

5.5% (15 kHz extended CP). ~ phase reference for channel estimation.

C. Cortrol Channels Cell Acquisition SubframéCAS) A PBCH  (Physical Broadcast Channel) Master

Information Block (MIB), number of TX antennas,
downlink BW and system frame number.
PCFICH (Physical Control Format Indicator Channel):

Previous releases of LTE eMBMS defined MBSFN frames
with up to 60% broadcast resource allocatiom {06 out of 10
subframesn eachframecould be allocated to broadcastwo number ofOFDM symbols used focontrol for each
were permanently designated fqraging andtwo more for subframe
synchronizatioh The capacitynot allocated to broadcasbuld A PDCCH
be dlocated to unicast trafficThe latest modifications in
FeMBMS enabld the configuration ofup to 80% broadcast
resource allocation and alsodedicated carrier with almost

N

(Physical Downlink Control Channel)
downlink control indicator (DCI), transmission
parameters and scheduling.
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A PDSCH (Physical Downlink Shed Channel)System Channel) and SMCCH channelsTheseare multiplexedvith
Information Blocks (SIBs) servicedata in the MTCH (Multicast Traffic Channel) or SC
The CAS may only be configured with numerologiesMTCH, and transmitted inthe PMCH or the PDSCH,
definedfor unicast(i.e. 15 kHz SCSwith or withoutextended respectivelyfor MBSFN or SCPTM. In addition toa distinct
CP). From the point of view of Terrestrial Broadcast, the CASlownlink channel ilMBSFN, service informationlependson
acts as a preamble containiplgyscal layersignaling (similar the type dcarrier and delpyment.
to P1 and P2 symbols in DVB2 or bootstraand preambles
in ATSC 3.0). It is important to note that each servicelll. A NEW PHYSICAL LAYER DESIGNFOR5G TERRESTRIAL
transmitted in MBMS is identified with a corresponding BROADCASTBASED ONNEW RADIO (NR-MBMS)

Temporary Mobile Group Identifier(TMGI)2. With the 5G-NR offers a more flexible and scalable desi
: : : gn than LTE
information obtained from the CAS and the TMGI, the UE cap, ;qer to support a wider range of use cases requirements,

disclose an oigoing MBMS session and receive the servicqncludin an extensive range of frequency bands and
When SCGPTM 'is Configureql'data ﬁs scheduled ovethe deployrr?ent options. Howeverg,] NR Rﬂiind F\%leI16 have
PDSCH according ta specificRadio Network Temporary qnqidered only unicast. Transsion modes and core
Identifier (RNTI), reusing theunicastmechanism tolschedule functionality do not yet support broadcast or multicast.
user data For broadcast a Group RNTI {RNTI) is used Opportunity therefore exists in NR to define transmission

which isthenmapped to a TMGI. modes suitable for Terrestrial Broadcast with fewer constraints
D. ldentifiedlimitations of FeMBMS compared with FeMBMS, which is based on wedtablisked

Although the LTE FeMBMS improvements standardised it TE spemﬂce}tmns. . . -
Rel14 allow the delivery of linear brdaast services (such as This section explains 'the main characterlstlcs' OFNIE )
TV and radio) with a dedicated broadcast mode, Hf—élready specified for unicast and explores their potential
specifications lack flexibilitjn parametersuch aghe CP, T,  €Xtension for Terrestrial Broadcast.
duration,andFFT size to adaghe systento the wide range of A. 5G-NR physical layer design
broadcastingnetwork topologies deployeatound the world: 5G-NR is based on a GBFDM solution similar to LTE.
T For fixedrooftop receptionHPHT SFN networks with  The main new feature is that the 5G waveform is combined

very largelSD (circa 150 km) may benefit from CPS ity 5 scalable numerology that enables radio resource
greater tha200 ps. o _ allocation over different frequency bands. The SCS is scaled
T For mobile environments with high speed requiremenig.cording to 15x2kHz, where 15 kHz is taken as the base
(€.9. 250 km/h) irsparseLPLT networks such as in rural scs (as for LTE) and ®2generates additional numerology
areas, numerologiewith a CP between33 and 200 ps qptions. Five different numerologies are defined with SCS
optionsmay be beneficial o from 15 kHz to 240 kHz (frome=0 to 4) Note thatthe
Large intersite distances and high mobility with speeds ugarametek is only defined for positive integer numbers. The
to 250 km/h are requirements set out in 3GEFor the 5G  possible values vary with the frequency band ieorto cope
physical Iaygr to (_jell\{er broadcast and multicast services.  with Doppler spread (higher at higher frequencies), and to
Another limitation is the fixed CP overhead of 20% whichextend the bandwidth, greater at high frequencies. This scalable
cannot be modified to suit static or mobile scenarios. In fixggethod permits the different numerology options to be aligned

rooftop environments where the Doppler spread does ngtihe time domain as extensions of basic slots and OFDM
impose a significant limitation, narrower SCSs couldubbed  gmpos,

These wouldncreag Ty in order to lower the CP overhead for = Tne most significant change with respect to LTE is that one
a fixed absolute CP lengtliEven more, FeMBMSand in  gjot always contains 14 OFDM symbols for all different SCS
particular SGPTM, hasnot been optimized for singteell or  yajyes. Therefore, the number of slots per subframe (and
MFN networks whereoverheadsould bereduced frame) increases for wider SCS and an RB is defined as 12
Another important aspect is the performance of the CAgpcarriers inonly one OFDM symbol in the time domain

subframe due to the aforementioned numerology mism@teh  (rather than one slot as per LTE). With respect to the system
the CAS can onlyuse CP lengththat are shortethanthedata  pangwidth, 5GNR brings the possibility to configure larger

subframes) Thus, CAS subframes may limit the final systempandwidth carriers (e.g., 100 MHz or 400 MHz) than LTE.
p(_arformancén networks where significant echoes are receiveqote thatdifferent numerologies came multiplexed within the
with delays greater than 16.us . same NR carrier bandwidth both using Time (TDM) and
Furthermore, multiple input multiple output (MIMO) Erequency Division Multiplexing (FDM) thanks to a new
techniques with spati multiplexing are not supported in concept called Carrier Bandwidth Part (CBP). Using CBP it is
FeMBMS 2], which limits thepotentialmaximum capacity of possible to define groups of consecutive RBs, including
the system o _ different numerologies, over the same carrier. A maximum of 4
Potential inefficiencies are also identifiedService pgyy parts can be specified, which may be enough for the
information in MBMS is carried over multiple control hrhose of multiplexing different numerologies from a single
channels. SIBsre not onlytransmitted in the PDSCH of the \yigeband transmitter.
CAS but also in the logical MCCH (Multicast Control 5G NR also introduces some variations with respect to
control dhannels. In particular, the frame structure avoids the
2 Note that for ROM receiversa range offMGls with MCC = 901 and Mapping of control channels across the full carrier bandwidth,
MNC = 56is standardizedo that there is no need to register t@perator.
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TABLE Il. NUMEROLOGY OPTIONS FORS5G TERRESTRIALBROADCAST receptim (reducing capacity overheadstla¢ expense of
CP Ter Ts ISD Dopplertolerancg.
+g(Hz Tu (Us . < . . . .

HooomtD TolS) prgcrion (us)  (ms) SCrs (km) A Leveraging of 5@&IR bandwidth configuration and
0 15000 66.67 ~7% 4.7/51 0.07 12 14 spectrum utilization efficiency to transmit large
Ci 175500%0 1‘53??;63?3 382;0 ;gg; 8-23 %i 150 bandwidth signals instead bandwidthlimited (to a few
2 3750 266.67 20%  66.67 0.33 48 20 . MHZ.) carriers, i d?s're.d- . :
- 2500 40000 20% 100.00 050 72 30 A Efficient muluplexmg in time and _frequency_domam. of
-3 1875 53333 20%  133.33 0.67 96 40 local, regional and natiowide services targeting mobile
- 1250 800.00 20% 200.00 1.0 144 60 and fixed reception_

625  1600.00 20%  400.00 2.0 288 120
3333 300.00 10% 3333 033 54 10 .
204545 488.88 222% 1111 050 88 33 1) Waveform and Numerology options

1022.72 977.78 2.22% 2222 1.0 176 66 The diverse nature of networks that may be used for
511.36 195556 2.22%  44.44 20 352 132  {ransmitting Terrestrial Broadcast services (with network

c OZZIrXae—IOTMMUO®W>

416.67 2400 4% 10025 432 30 topologies ranging from LPLT to HPHT and from singkl,
208.33 4800 4% 2000 50 864 60 ;90 A
104.67 9600 4% 400 10.0 1728 120 MFN to nationwide SFN coverage areas) make it hlghly
- 21739 4600 8% 400 50 828 120 desirable to provide a range ofwewumerologies to better
SGre=Subcarriers per Resource Block cater for the different types of transmission networks that could

usedTable Il provides a set of numerologies that may be

giving more flexibility than LTE and enabling the selection OP nsidered for Terrestrial Broadcast operatidith different

the position of control channels across the frequency dom .
In this case,PSS, SSS and PBCH are transmitted in C?},Zvrirfgfsg an C;Pudumrztlcr)no | o wi t h _ 0
synchronization signal block (SS Block) occupying a concre%e 9y H =

number of RBs per CBP. The PDCCH carries DCI Signalliné);rtisijrrgll’lecfer(l)lmolfpIF'T'FnI\étV\;I;)eI"IISeStrIaI Broadcast operation,
mapped in the CORESETS. y '

The reference signals n SG Nhas suffered changes A7, X Te Set of pumerojoges b derved (o SFN
compared to LTE. For instancéhere is not Cell specific P X P

Reference Signal (BRS) and a new Reference Signal PTR Bdl\gst(\;wtggétegfd%dSCEHt;);:éuil)ng3a7gegl](aHt2/é£affg;. LTCS
has been introduced for Time/Frequency tracking. The sign & ’ N - oh '

S ; xamples derived with this method are B, C, d F,
gsgendalfsochl\qaRgel estimation are hemodulation Reference highlighted in boldHowever, although this mechanism may be

Another aspect to consider is channel coding. For us §eful to derive appropriate extended numerologies for LPLT

plane data, LovDensity Parity Check (LDPC) codes are eployments (note the similar numbers as for LTE), it is
adopted. Control channels are coded by means of a nierpAPractlcal to derive numerologies for SFN deployments with

channel coding technique based on the channel polarizat|8rr1ge|SD (e.g_. HPHT).ThesewouId. require of longer .OFDM
concept [15]. Channel polarization brings a method fo ymbol durations that may complicate implementation due to

constructing  capacitachieving codes for binary input leading to norinteger multiples of current NR subframes.

symmetric memoryless channels, as opposed to Capa(EI\I4 reover, following the same principle as in LTE, i.e.

approaching. It rmbeen demonstrated that-BR Polar codes argeting mobile reception, the opti are again limited to a

N : few modes with 20% CP overhead.
outperform the TaiBiting Convolutional Codes (TBCC) used ) . )
in LTE control channels. Othernumerologis may bederived following the method

in [16] by redefining the number of SCs peBRAIlthough
A. Design of NRMBMS for Terrestrial Broadcast initially proposed for LTE, the same mechanism can be applied

The starting point taken in this document to development & SGNR as 15 kHzSCSis also the standard numerology
NR-based Terrestrial Bragast system was to begin byWell as 25 RBs per SMHz carrier (45 MHz effective
defining a number of new transmission modes in order Rndwidth) Equation lprovides the means to derive the new
provide flexibility to cater for a wide range of deploymenflumber of SC per RB as a function of the OFDM symbol
scenarios. With this starting point in mind, the following mairiuration anda CP fractionwhich needs to be selected so that

design principles were then taken into account: the number of SC per RB is an integer

A Minimization of the footprint with respect to unicast Y6 p P OQOPYOp 6L @)
transmission and scheduling processtsuse of unicast
scheduling mechanism with one RNTI per service.

A Numerology options adequate for diverse scenari
including Multiple Frequency Network (MFN) drSFN
configurations and topologies from lgpower lowtower

By this method it is possiel to derive multiple
Ocombinations of Tcp and Tu. Note that OFDM symbol
Jurations of 05, 1, 2, 25, 5 and 10 rag particularly
interesting as an integer number of them fit into a 10 ms frame.
Therefore, it is possible to select the appropriate combinations

fj%f?eﬁl%t?nﬂesgiteh:jgzg (:]v(\:/g; hightower  (HPHT), - with according to the deployment scenario and the receiving
' environment.

A Transmission modes adequate for mobile (improving For instance, it is possible to seleatnmerologies with

Doppler performance for high speed reception) and Statall%ceptable mobility performance (i.e. wide SCS) and low

capacity overhead for singtll or MFN configuration (no
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Fig. 2. The figure presents how the concepts of multiplexing numerologies within a given NR carrier to allocate seress®aqdifferent covera
requirements. Carrier Bandwidth Parts (FDM) or frames with different numerologies (TDM) could benibedpimvision of Terrestrial Broadcast service
the figure each service is transmitted in a different resource region according to the desired numerology. Note thatér @irlgFN transmissions there
only one numerology (15 kHz) employddis assumed that each service can be assigned a distinct BRNITG resource mapping and MCS index) there
treating each TV/radio service in a similar way as user data in regular unicast frames. Note that over time servieesatetbled, actated and deactivate
according to broadcaster’'s demand.

need for a very large CP to cope with SFN echoeg)ptions regarding bandwidth (frequency range FR1): 5, 10, 15,
numerologies with a large CP for moderate speed (e.g. th@&& 25, 40, 50, 60, 80 or 100 MHz. The bandwidth utilization in
with 20% CP eerhead) or numerologies with a large CP forLTE was set to 90 percent in order to limit eaftband
SFN and static reception (with e.g. 4% CP overheaddmission produced by the slow decay of OFDM spectrum. This
Numerology E could be useful for LPLT SFNs with ameans that only 100 PRBs (18 MHz) can be transmitted per 20
compromise between SFN gain in short/medium ISMHz bandwidth carrier. In NR, for the same case 106 PRBs
deployments, while retaining high mobilitNumerology G (19.08 MHz) can be configuredwith 954% bandwidth
corresponds to the one specified in FeMBMS. utilization. Note that with numerology 15 kHz a 50 MHz
It should be noted that although decreasingith€ly ratio  carrier can be configured with 270 RBs @% bandwidth
reduces CP overhead, increasing the FFT size may causiization). For 10 MHz the bandwidth utilization is.836 (52
significant impact ineceiver complexity, which would need toRBS).
be considered, along with other practical aspects of the receiver Note that the total allocatl bandwidth can be extended via
design. Carrier Aggregation, which in NR supports the bundling of up
Regarding reference signals, DMRS defined for unicatt 16 carriers. The combination of large bandwidth
may be used for singleell or MFN deployments, therefore transmission with robust modulation and coding could also
with no changes. For SFN theost demanding channel may enable he introduction of Wideband Broadcasting traission
require the definition of new RS, in particular denser in thas presented ii7].
frequency domain. Also for SFN, a common DMRS The potential application of the CBP concept to Terrestrial
scrambling sequence for the stations involved in an SFN are@8i®adcast distribution is proposed next. In this case, aesingl

required. wideband carrier can multiplex not only services addressing
different reception conditions, but also different coverage areas
2) Bandwidth, Multiplexing and Spectrudiilization and network deployments. Fig shows a wideband carrier that

For Terrestrial Broadcast deployments in frequencies beloallocates three different CBPs, each one with different
1 GHz, NR frequency range FRJrovides the following numerology(see OFDM A, B and C)or instance, part of the
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BW can be reserved to schedule services for nationwide SFNTherefore, e existing mechanism in NR would have
coverage(OFDM A) alongside services intended for regionakimilar overhead to that in FeMBMS.
(OFDM B) or local (OFDM C) areas A receiver would only These control channels are proposed to be transmitted using
demodulatehe specific resources containing a desired servicegular unicast numerology as they may contain information
Following this approach, a single SR carrier can transmit which is intended to be transmittgpecifc. By means of
services intended fordifferent reception conditions and network planning the control channel resources for each
coverage targets without the need of transmitting isolatéchnsmitter can be scheduled so thaichannel interferences
multiplexesas currentlydone inTerrestrial Broadcastystems. are avoided.

The use of CBPs is considered as an option for the FDMFor singlecell or MFN transmissions as well as for SFN,
multiplexing of singlecell or MFN services with those coordinated frame scheduling is required in orderavoid
intended for SFN areas within the same carrier. Note thaterlaps between adjacent time/frequency resources that may

different numerologies can also be multiplexed M. create interference (in the first case) and to provide
synchronous SFN transmission (in the latter case).

3) Control Channel Synchronization, Acquisiticend Although the mismatch between numerologies of the control

Scheduling mechanism channels and SFN data matfll exist, it may be possible to

Signalling and synchronization mechanisms may baetect the signal at the expense of larger detection tiyne
simplified with respect toFeMBMS, i.e. by reducing the means of a large aggregation level of e.g. PDCCH.
amount of signalling to only that necessary for the correct Regarding data scheduling, a reuse of the procedures
reception anddiscovery of services. As system prearsble existing for unicast are desired in order to minimize
control channels arassumed to convey SS/PBCH Block, MIBimplementation impact and to exploit flexible resource
signalling via the PDCCH and a series of SIBs via the PDSCHillocation.A mechanism like the one used by-8TM in LTE
Additional service announcement information may be allocatexduld therefore be used. A -BNTI could identify the
over the PDSCH so thahysicalchannels and procedures doresources allocated to broadcasta similar way as user
not require major modifications. specific content is identifiedvith a GRNTI. Furthermore,
The characteristics of the SS/PBCH block and CORESHTeating each TV/radio service in a similar way to unicast
in NR not only provide higher flexibility but may also reduceraffic, may make it possible to define a series of parameters
the associated overhead. for each specific TV/radio service. The transmitted service
On the one hand, a SS/PBCH block consistd @FDM information would enable identification of tinfidquency
symbols in the time domaiand 240 carriers in the frequency resource allocation in the frame, the corresponding NG®
domain. A set of SS/PBCH block (namely SS burst) ia corresponding DCI format)as well as service area
transmitted according to the numerology, the frequency baidormation or service continuity informatior(by means of
and a periodicity of 5, 10, 20, 40, 80, or 160 [18]. Hence, SIBs)
the largest capacity overhead for SCS = 15 kHz, andWith dynamic scheduling,TV/radio services can be
frequency band below 6 GHz is 2 SS/PBCH Blocks evetyansmitted according to operator demands, exploiting better
frame (assuming a periodicity of 5 ms), making a total dftatistical multiplexing and spectral efficiency. Services could
2x4x240=1920 REs per fram&hese could be multiplexed i also be switched on and off or created (e.g. introduction of
TDM/FDM with the necessary periodicity according to thdocal services) over time, therefore only neaming the
nature of the services and the reception conditions (e.g. a higisources of the 5G NR carrier when required.
repetition rate is useful to minimize acquisition time when Fig. 2 shows an illustrative example of a potential framing
reception faces challenging conditions). configuration. Note that some of the contents addressing
On the other hand, PDCCH flexiity of NR is enhanced different coverage areas (nationwide SFN, regional SFNs and
with the introduction of CORESETS, which can be considerddcal areas) are mtipplexed within the same carrier
as smaller control units of former LTE Control Region. While
LTE PDCCH is extended through the whole carrier bandwidth IV. PERFORMANCEEVALUATION
of OFDM symbols 13 of every subframe, NR PDDCH uses a
reduced part of the carrier bandwidth used. One CORES -rroposed NRMBMS system in comparison to LTE

occupies from 1 to 16 Control Channel Elements (CCEs)}, . .
comprising 6 Resource Element Groups (REGs), which in tugZMBMS, focusing on the modes relevant for Terrestrial

are composed by 12 REs. Hence, CORESET sizes go fr padcast and con§idering l:.)oth.sing&il or MEN modes and
1x6x12 = 72 REs to 16x6x12 = 118Es per frame. 4 NR N modes. Special attention is giveo the latter as these
MBMS services with independent CORESETS, in a 50 MHwould require a different performance than for unicast modes.
bandwidth, would lead to a 2.78% overhaSince longer The analysis is focused on spectral efficiency, robustness
periodicity values, e.g. 40 ms, as well as larger carri@dainst frequency selectivity (e.g caused by natural multipath

bandwidths are contemplated in NR, the associated overhd@dsinglecell or MFN configurations and artifial multipath
can be educed. due to echoes in an SFN) and time selectivity (due to Doppler
shift for moving users). The analysis focusses on the channels
conveying payload data (user plane). The -leel
° 50 MHz = 270 RB*12 RE/RB*14 OFDM symb/subframe*10 performance of the physical layer signaling (control plane) is
subframes/frame = 453600 REs in a frame al luated for diff t ti . ts. Note that
4%(1152 RES/CORESET + 1920 RES/BSH burst) *100 / 453600 = 250 €valuated ior difierent reception environments. INote tha

2.78% the results are obtained assuming realistic channel estimation

This section presents performance evaluation results of the
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TABLE Ill. SNR(DB) ACHIEVED IN THE CONSIDEREDSCENARIOS CP = 100 s gr) =200 s
P 00 ps
i
I

[N

TECHNOLOGY Mobile  portable  Fixed 0 ‘:
(MCS2) (MCS12) (MCS24) o A Ca L
B d=acsk {-a===4
e e TEBA B Skl | I
NR-MBMS 6.6 9.8 19.9 20 | 5G-NR SFN, CP 400 s
. —a—LTE SFN, CP 200 s
[as] !
with Least Square (LS) equalization and interpolating linearl ;?157 ,:
in time domain and with an FF@ased method in frequency & _f ﬁ' Portable (MCS 12)
domain[20]. The selected Quality of Service (QoS) is a block o g !
error rate, BLER < 0.1%
For reference with LTE FeMBMS, performance is
evaluated assuminiipat all resources in a frame are allocatec or Mobile (MCS 2)
to a given service (i.e. the maximum transport block size i SRR S Tp = 266.6 o5
selected according to the maximum number of resourcésloc ol P IBA TpTIAAe -
in a 5 MHz bandwidth carrier). The frequency banc Echo Delay (us)

considered is UHF (700 MHz) as a traditional band oFig. 3. RequiredNR performance for different MCS and echo dela
Terrestrial Broadcast systems. Terrestrial Broadcast and LTE FeMBMS.

Link-level simulations are Complemented by)verage Cornpared to the proposed NRBMS MFN modes. In terms
performance studies, which are mainly focused on newof performance, there are differences in the order of 1 dB for
numerologies for SFN. robust MCS modes whereas the difference decreases for high
MCS indexes. As an example, the required CNR threshold in
) o AWGN conditions for S@PTM is -3.2 dB (MCS2), 5 dB
Link-level performance is influenced by the channel a”EMCSlZ) and 15.5 dB (MCS24) whereas for NBMS with

reception conditions that may hamper the correct reception é’fsingleceII/MFN mode the values ard.1 dB, 5.1 dB and
the signal. An adequate selection of the modulation ang 7 4B, respectivelj22].

coding scheme (MCS) in both LTE FeMBMS and INBBMS
systems implies a compromise between maximum spectfd Link-Level Performance withcoes in SFMetworks
efficiency and SNR operation point. NR-MBMS performance is evaluated in frequency selective
This paperhas considered three different types of receptiofading environments, where SFN multipath may represent a
conditions for Terrestrial Broadcast services accordin@lto degradation. In this case, the performance is represented as the
with their corresponding minimum SNR requirements. TheSgyriation of theminimum required CNR depending on the
are the following: relative echo delay.
A Fixed rooftop receptionmodelled by a Rician fading  The SEN scenaris modelledby extending th@® dB echo
channel as pef19]. The minimum SNR requirement is channelin [19]. This channels defined as atannel model

considered to be 20 dB. : . .
‘ ) . . formed bytwo paths with same amplitude and a time delay
A Portable regation, modelled by Rayleigh fadinfl9], between thenequivalent to 90% of the CP duratiomhe

< W'th.a minimum SNR requirement of 10 dB. second path is moved in order to skfferent delaysinside
A Mobile reception at a reference user spee®®km/h :
and outsidehe CP.

modeled by aTypical Urban 6 (TU6) channel model .
[19], with a minimum SNR requirement of 6 dB Fig. 3 focused on ISD from 30 km to 120 km (ePHT

Fixed receptiorbenefits fromLine-of-Sight (LoS)conditions "€tworks),showsthe performance for different echo delays
while portable reception introduces some loss due to the 1af the three MCSndexesdefined in Table Ill. As it can be
of it. Regarding robile reception different circumstances observed, the required CNR remains constant when artificial
affect performance. Medium speed is generally the best c&ghoes arrive inside the CP region. When the echoes arrive out
whereas lowspeed reception lacks time selectivity and at highf the @ region, a performance degradation begins until the
speed performance is degraded dueigh Doppler shift. Nyquist limit (Tp), which limits the system operation.

Tablelll presents th&NR thresholds of the MCidexes Comparing the different configurations, it can be observed that
that are close to 6, 10 and 20 dB in FeMBMS andMIRMS NR-MBMS outperforms LTE FeMBMS in terms of SFN
for the three reqation conditions Note that, for comparisoa performanceSpecial focus is giverotthe performance of the
SCS of 1.25 kHz is considered for both systems system for echoes arriving after CP and beffpdi.e. within

As it can be observed, NRBMS provides a performance the equalization intervalRobust enough MCS indexes permit
gain in all casesalthowgh the improvemenis below 1 dB. to extend system performance beyonB.QGn such case, a
This gain comes from amdvanced physical laysvith LDPC  proper design of the reference signals for SFN osts is
decoding. _ _ _ critical as low CPs not stressing the framing design of the
_ Singlecell or MFN configuration, ~which can be gy qtem could still be used in SFN deploymentsesEhesults
implemented using the regular 15 KHz SCS mode, mayo aligned with the conclusions presentef2i].

experience similar gainsin this case, S®TM can be For SFN deployments with short ISD (e.g. LPLT networks),

A. Link-levelPerformanceaunde Rician and Rayleigh fading
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T T T T T T TABLE V. THEORETICAL DOPPLERLIMIT AND MAXIMUM USERSPEED AT

—e—LTE SFN. 16.7 ps CP (15 kHz) 700MHz.

—©—LTE SFN, 200 ps CP (1.25 kHz)

- & -5G-NR SFN, 167 sis CP (15 kHz) 1 sSCS 625 Hz 1.25kHz 2.5 kHz 15 kHz
SG-NR SFN, 100 pus CP (2.5 kHz)

-NR SFN, 200 ps CP (1.25 kHz)

GG-NR SFN, 400 ps C

T
12-l_

v

10+ _ Y (us) 400 200 100 16,67

“Y (us) 1600 800 400 66,67

SNR (dB)

(0] 2 2 2 3

Doppler limit (Hz) 125 250 500 2000

Max. user speed @

700 MHz (km/h) 192 384 771 3085

1 1 1 1 1 1 1 1
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14 T T

Hence, the performance depends on the subcarrier spacing,
system bandwidth, the operational frequency band and the
accuracy of channel estimation method used.

A wide range of Doppler shifts is evaluatehich can later
be mapped to a gbn receiver speed according to the assumed
frequency Note that for singleell or MFN configurations
using a wide subcarrier spacing (e.g. 15 kHz) Doppler may not
impose a critical limit Therefore, theoreticaDoppler limits
for different SFN configuratons are shown in Table IV.

. - o - o o Reference signals with; values 3 (15 kHz) and 2 (extending
Doppler Shift (Ez) 1.25 kHz to 2.5 kHz and 625 kHajeassumed.
These theoretical values are evaluated considering realistic
Fig. 4. Doppler shift (Hz) vs. SNR (dB) when using the different scenarios modelled by BU-6 channel with variable speed.
g%tilfct)?rf)rl'r? g?(t)hlggg l_Fé'\(/'tEF')‘;'in%”goﬁﬂ?r“gi'gg)”;%gtﬁzriggﬁo%)?ODp The Doppler shift limit is calculated as the value that entails a
CNR performance loss of 3 dB compared to the lowest CNR
reference[22] provides link level performance results forachieved in the whole rang@4].

12 -

—
S
T

SNR (dB)
oo

numerologieswith extended CP andegative factopt (1=0, Fig. 4 shows how the use of a different numerology has a
p=-1 andp=-2). In general, robust MCS can provide bette@reat impact on the mobility tolerance. However, in general
resilience against SFN echamstside the CP the results practicallgo not changdetween LTE FEMBMS

and NRMBMS if this parameter is the same. For instance,
both LTE and NR with SCS 15 kHalow Doppler shifts up to
C. Resilience t®oppler shiftat high speednd SWN 1550 Hz, equivalent to 2390 kmé#t 700 MHz The common
deployments SCS that can be selected in both LTE FeMBMS and NR
This section studies the tolerante Doppler spreadvith ~MBMS, i.e. 1.25 kHz, reduces the maximum Doppler shift to
practical receiving algorithms in botReMBMS and NR 180 Hz approximately, equivalent to 280 kiwhenMCS 2 is
MBMS following the proceduresn [22] and [23] as a seleted. A higher MCS may provide lower correction
reference. capabilities, thus lowering this value. It should also be noticed
Doppler shift is a natural effect of the relative speethat compared to FeMBMS, the user speeds permitiétl
between userand transmittex OFDM systems are affected SCS 625 Hz (CP 400s) are considerably lower. This mode
by this phenomenon whichis directly related to SCS. has been designed to suppdrigh-demanding coverage
Therefore, the effect is critical for mobile reception in SFNieduirements in fixed reception scenarios, which implies the
deploymentsin particular when large 1SD need to be covered!S€¢ ©f 1ong CPs that, in turand in order to minimize
Singlecell or MFN modes may also suffer from this effec VerheadS’Feq“'r? narrow SCSThis mode permits 75 Hz .
' . . oppler shift, which represents a user speed of 115 km/h with
when low overheadonfigurations are usedég for low CP to

Ty ratios). MCS 2.

L . — The use of a more robust MG@8.g. MCS index0) reduces
Channel_estlmat|ora35|sted by reference S|gna1lsOF[_)M the SNR at low user speeds. However, the maximum Doppler
systens relies on measurementsade on thoseulcarriers

_ ; ) ) shift permitted is still 75 HzOverall, improved performance
which are referencéearing signalsThis can be performed s schieved at the expense of capacity when using robust
every O-th symbol. Since symbols occur at the ratgansmission moek.

f=1/(Tu+Tce), it follows that the Nyquist limit for temporal  One important drawback of LTE FeMBMS aN&R-MBMS
channel variation (i.e. Doppler limit) that can be measured j§ the lack of time interleaving which will improve

[19]: performance by increasing time diveristyVith time
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Fig. 5. 5GNR polar codes and LTE TBCC codes performanceliféerent DCI lengths (12, 48, 96, 132) and Aggregation Levels (1, 2, 4, 8, 16 for Pol
1, 2, 4, 8 for TBCC) in Fixed (left), Portable (center) and Mobile (right) reception conditions.

interleaving, the system could withstand user speeds high~r

TABLE V. C Si P
than 250 km/h, as shown i25]. The SCS of 2.5 kHz OVERASESMULATION TARAMETER®

represents a compromise between both options. In #sis, ¢ _ Parameter RoofTop Reception
SFN coveragemay suffer with large 1SPbut mobility is still Receiving Antenna Height 10m
lativelv high. i ival km/h Receiver Noise Figure 6dB
relatively high, i.e. 390 Hz equivalent to 600 km/h at 70C Rx Antenna Pattern ITU-R BT.419
MHz. Rx Antenna Gain 13.15 dBi
. Antenna Cable Loss 4dB
D. Link-level performance of Control Channels Implementation Margin 1dB
This section analyses the performance of the codin Noise Bandwidth 4.5 MHz
h loyed in LTE and SR PDCC his i Frequency o
schemes employed In an O H as this is Propagation Model ITU-R P.15465 over land
detected as one of the most limiting channels from thos Wanted Signal Tim¥&alue 50% time
constituting the FeMBMS CA§L1]. 3GPP has adopted Polar Interfering Signal Time Value 1%time
coding for control channel inGNR, which reduce decoding Location Variation 5.5dB (lognormal distribution)
lexity while almost closing the gap to ShannddlE Signal Summation Schwartz & Yeh power sum
complexity g gap Pixel size 100m x 100m

employs TBC(Tail Biting Convolutional Codeinstead

In order to increase the decoding probability of the PDCC :
(i.e. decoding of DCI formats), LTE and NR define differe E Coveragg evaluanofor.SFN.networks ] .
Aggregation Leved (AL). According to the selected DCI  An overview on the suitability of enhancing numerologies
format, it is possible to define an AL so that the scheduler wiiPr SFN networkss provided in this section. Wide area SFNs
define an appropriate robustness increase. There is adifadeNave been modelled usiran hexagonahetwork lgout with
between robustness and data .rafee higher the AL, the five rings of sites around a central transmitter. The available
higher the number of subcarriers used to transmit a DCPINR, incorporating the effects of SFN skilferference has
which, at the same time, limits the number of DCls that can &€en computed at an apex of the central hexagon
allocated into a given subfram@hile LTE permits to usan In the LPLT networks the effective radiated power (ERP)
AL up to 8, 5GNR has increased thisalue up to 16 Was set tal0 W at an effective antenna height of 30 m while 50
repetitions. This was adopted for allowing the corredfW and 250 m were used for the HPHT network.
demodulation even at very high noisy conditions. Table V sets out the receiving environment parameters used

Fig. 5 presents the performance of both PDCCH codintp the simulations; all values are-line with [26]. ITU-R
schemes for a wide range of DCI lengths and AL over fixedf-154685 has been used to calculate the mean signal strengths
portable and mobile rectipn conditions. This validates that© f t he wanted and interfering
5G-NR Polar codes outperform LTE TBCC. In particular, thé0mprising the coverage area. Within a pixel these signals vary
performance gains for DCI = 12 bits and AL = 8 are betwedfP™m one locdbn to another according to a logrmal
1.6 dB and 2 dB for the different reception scenarios undéistribution with standard deviation of 5dB and has thus
evaluation. 1 can be observed that doutgi the AL reduces been modelled as random variables. The Schwartz and Yeh
approximately in 3 dB the SNR requirements. The shorte®ethod has been used to calculate the combined wanted and
DCI length (i.e. DCI = 12) is the most robust one, thanks tterfering signal powers so that the lpability of reception at
having the lower effective coding rat@he possibility to @any point within the pixel can be determined.
increase AL up to 16 brings an advantage which mayA generic analysis of the coverage for fixed romg
eliminate the potential problems for detecting the CAS irf€ception has been conducted as a function of ISD for various
LTE. different CP lengths (33, 100, 200, 300 and 400 us) where the
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TABLE VI. PERCENTAGE OFUK HOUSEHOLDS ATPERCENTAGELOCATIONS

o | To (uS) Tep Ts ISD CO\éerage —— gg = iligous
=100 ps
(Hz) (Ms)  (ms)  (km) % ——CP — 200 s
1250 800.00 200.00 1.0 60 86.5 CP = 300 us| |
625 1600.00 400.00 2.0 120 98.1 —g— CP = 400 ps
208.33 4800 200 5.0 60 97.6

217.39 4600 400 5.0 120 99.3

~
~ 200 ps
300 ps
400 ps

95% Location Probability

two later CPs have been hypothecated in order to determine
whether there would be any benefit in further extending the
CP. For these two modes the OFDM symbol period has been
extended accordingly so that the CP always represents ¥ of the
symbol duration-in line with the standardized eMBMS modes
and those initially proposed for NMBMS. The achievable
SINR, at the apex of the central hexagon in the network was

10+

Available SINR (dB) at Worst Pixel for 95% Locations

10 15 20 25

then computed for reception qualities of 70% and 95% ’ ’ Inter-site Distance (km)

locations, as two common metrics for coverageresion 45 N - ‘ ‘ -
Coverage quality is then expressed as the percentage of w0l 7o%§y)canon Probability —o—giizfgous |

locations exceeding a given SINR threshold withipixel for N —— CP = 200 fﬁ:

99% of the time. 3¢ 95% o\cqtion Probability CP =300 ps | |
Fig. 6 presents the results for LPLT (top) and HPHT sl \ —V—OF = W0 ps] |

(bottom) networks. ltis found that for all the LPLT ISDs ” v-. “y---x

studied the 200us CP would be sufficiently long. Extending it
further would provide no additional benefit against SseNf
interference — the achievable SINR would not increase.
Conversely it can be seen that the 200 CP significantly
improves the SINR for all the LPLT ISDs studied compared
with the 33us option while a 10Qus variant may be a good
addition for network with ISDs of 5 to 10km.
For HPHT networks, it can be seen that the 200 us CP for 030 0 5'0 6‘0 7‘0 8'0 ”
ISDs greater than 70 km i.e. ISDs typical of existing Inter-site Distance (km)
Terrestrial Broadcast networksis too short. The introduction
of longer CPs would improve the coverage of the systéere
a 300ps and 400us CPs have been computed, being the latter
the one providing the highest improvement. )
According to the results, wide area coverage in existir{t%‘”(""gon networks. A longer CP, in the order of g80would

Terrestrial Broadcasbetworks— where I1SDs of 60 km or therefore be beneficial. ,
more are common may be limited to modes with SINR Simulation for additional modes with00 and 400 ps CP

thresholds below 123 dB for 95% coverage availability, or but with si_gnificantly larger OFDM_ symbol (_juratio_ns have also
below 19 dB for 70% coverage availability. been carried out. A clear benefit is ach|eved_ ithboases _

The coverage of eMBMS in a national SFN is nowvhere 11.1% and 1.2% more coverage is reached in
assessed in the URerrestrial Broadcastetwork in order see comparison with the respective modes with 20% overhead.
what may happen in a more practical setting. OverallZ the network may benefit from an SINR increase

In this example the UK Prediction Model (UKPM) wastogether with larger capacity thanks to lower overheads
used— a prediction model jointly developed by ITC, BBC,
Crown Castle and NTL for planningerrestrial Broadcast ) o
services in the UK27]. All 1100+ UK Terrestrial Broadcast | he design of thair interface of an MBMS system based
transmitters were modelled with the eMBMgarameters ©On 5G New Radio (NR), NRMBMS, has been outlined. The
shown in TableV. All other physical characteristics of thedesign extends the recent 3R Release 15 and Release 16,
network, such as antenna patterns, ERPs, transmitter locati§Héally only focused on unicast transmissions, to Terrestrial
and antenna heightgere otherwise unchanged. Broadcast services. The design does maersarily require a

It is clear from Table VI that the 2Q8s CP would be too split between a mixed mode carrier containing unicast/
short to achieve neamiversal coverage with a national sgN Multicast/broadcast or a dedicated carrier as the latter is
Although this result is somewhat different to the hexagon&Mply derived from the allocation of 100% of resources to
network simulations, it may be explained by obeg that Terrestrial Broadcast services. _ _
practical networks are much less regular. For example, they For the singlecell or MFN onfigurations, the physical
contain real terrain and ISDs of various lengths, some great@yer design that has been outline has a minimal impact with
than 60 km. Sea paths over convex sections of coast also [E@®Pect to unicast. Existing synchronization and acquisition

to higher interference than is found in the land based neguf@echanisms are could be reused with only minor changes.
Linear TV/radio services can be allocated by medresgroup

identifier (GRNTI) in a similar fashion as unicast data is

20+
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10+

Available SINR (dB) at Worst Pixel

ot
T

Fig. 6. Available SINR at theworst pixel of theLPLT and HPHT
networks as a function of the ISind different CP duration (SFN)
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scheduled. LPLT (small cells) as well as HPHT (large cell$}]
stations can be employed. The NR carrier may be used éef
allocate up to 100% broadcast data multiplexed in both tin[l
and freqiency domains with high granularity and without
major constraints (by reusing the existing procedures ftft
unicast).

SFN may be enabled by extending the siroglé mode
which may require a more complex design in terms gf1]
numerologies and a corresponding tradfebetween mobility
and SFN coverage. Note also that MFN numerologies may
also be optimized to reduce capacdyerheads.t is also [12]
important to note that although it is desirable from a
deployment perspective to have as much flexibility as possible,
consideration should also be given on the potential receiv[%]
complexity and testing that may impose limitations the
maximum number of numerology options finally included in14)
the specifications.

Based on 5G NR, the system outlined herein ma}®
outperform the existing FeMBMS system (based on LTE).
The design takes into account different reception scenarios
targeting highspeed (at expense of capacity overhead) artfl]
static reception (maximizing SFN efficiency and capacity).
The use of the new physical layer features ofN#& such as [17]
new LDPC and Polar codes, increased bandwidth efficiency or
efficient numerology multiplexig permits the configuration
of new transmission mechanisms that outperform FeMBMfl.S]
5G-NR may have up to 7.2% higher bandwidth utilizatio
compared with FeMBMS. With the use of bandwidth parts, [@a9)
single wideband carrier can multiplex services intended for
different reception conditions and also different coveragﬁo]
areas, including local, regional SFN and natidde SFN.
Data channels can benefit from approximately 0.5 dB gain in
CNR threshold whereas the gain in term of control channels is
more noticeable tinks to the possibility of increasing ?t
aggregation levelsThe existing control channels for unicast
may already enable reduced signaling overhead with respect to
the CAS in FeMBMS and may not require any modification a&2]
they are more flexible in terms o&source allocation and 23]
periodicity. In terms of overheads, a skillful design may b[e
possible to maximize capacity by an adequate CP and useful
OFDM symbol duration. [24]

Common techniques used in other standards, such as
physical layer time interleaving for impved robustness in [25]
mobile environments, would also be of benefit, should they be
adopted by 5&\R Terrestrial Broadcast.

[10]

[26]
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