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Figure 4. End-to-¢nd transmission architecture of MMT system.
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58379 ¥
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MPEG "tjo] A5HH

I
MMT (MPEG Media Transport)® D.1 layer o4& MMTS] E.1 layerolA] AAE+= dolgE adyoz HA%dst
3ol

22 o)==

4= 9+ application layer transport protocol functiong supportdtcl [1]. E.1 layerolA AAH
transportable packetE% IP W& E38 &322 transport & ¢ Y= FEIE packetization 7] A
D.1 layeroll A+ 7|2 H o2 7|2 RTP (Real-time Transport Protocol)”} support d}¥l functionS WIEH O Z
ok o a9 WHOR packetizations FHT 4 glojok vtk [2], [3]. E.1 layerellx= 7I5€] MPEG TS,
RTP Payload format ‘5] encapsulation mechanismEo] Q= =tl, o]2|gt 7]&9] encapsulation mechanismE
of o3 AFAdH de]HE D.1 layerolAl packetization® w] XS 2 D.1 layer?] packet headeroll ¥3HA]
7 AQ7} 9+ header field”} timestamp®} ¥& ¥ information ©]T}.

g J§

S| dste= A

2 el A= MPEGS] MMT standardizations 9]¢k call for proposal [4]9] ®id SHo=2Z4 MITY D.1
layer packetization ¥}gollA AAE = packete] header ©] X3tz ool & MMT timestampe} H=H
information®] A&3st -2 sl #|otstct.

A9 | Ed T
MPEG wtjo] Mgy

95 52
Aoty D.1 layerolA¢] MMT timestamp informationg Z-&3o=x MIT 7] 7]¥He] ujt)o] Ao HQ3
timestamp ¥H AHE gHHoz FAE 4 Ut}

=6 pud 49
% 18 D.1 layer packet header®d %9 do|t}.

2% MMTOl A A eskal 90+ protocol stack = WE 290 AAE = MIT packetd 25 YeRTh

H

L petwork® MIU sizeE WA &+ W59 MPEG-2 TS #|Z1E09] D.1 layer packet®] payloadel mapping¥
o & et

% 4= MMT timestamp information®]t}.

(b

= 5% sender$} receiver %ol MMT 7]WFe] media packet transmission©] ©]Fo]d uwje] end-to-end system
architectureZ YeRIT,

T 62 MMTAlA Aelsta 9= protocol stack & W& A9 AAAEE MMT packete] T+2E YerT).

= 7& Aerstarat sk E.3 layer dlg]ol] E3FE PTS timestamp T-FE Ho]F=r}.

H

82 illustrates an example of D.1 layer header structure with MCR timestamp information being
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proposed.

5% 9+ illustrates an example of an end-to-end transmission architecture of MMT system.

wgg YAl Aok FAF g

=
Boubgol A A eksl= MMT timestamp informationS ¥3+8}= D.1 layer packet header®] %2 o+ = 13

= 1o YEY d+E= proposed MMT timestamp structureo] ¥3tE+= header field 59 syntax®} 3+
semanticsit Th23 #T}.

- Timestamp_Control_Flag (2 bits) : MMT timestamp informationolA X¥3dF= clock® resolution®}
timestamp?] &% E TE3le] YERH . Timestamp_Control_Flag #t©] '00'¥ 7% network jitter, RIT 5= 7
ALE7] 98te] timestamp field”} 90 KHz resolution® clock #+sS 7F4. o] AL X 19 field& 7}
Timestamp_Base_Ext_Bit, Timestamp_Base’} D.1 layer packet headerol]l &21%}. Timestamp_Control_Flag #ko]
'01'Y ¢ network jitter, RIT 55 AAFE7] €8te] timestamp field”} 27 MHz resolution®] clock %<
71-. o] Agol = 19 fields 7F2dl Timestamp_Base_Ext_Bit, Timestamp_Base, Timestamp_Ref 7} D.1
layer packet headero] <A43}. Timestamp_Control_Flag ko] '10'Y 7%~ media synchronization < A ¥3}7]
3te] timestamp field”} 90 KHz resolution® clock #S 7F&. o] ZA$o = 19 fielde 7}2H|
Timestamp_Base_Ext_Bit, Timestamp_Base, MMT Receiver Processing Time (DR)©] D.1 layer packet headerol
ZA%. 1831 Timestamp_Control_Flag #ke] '11'¥Y 7% media synchronization < Ad3d}l7] 935k
timestamp field”} 27 MHz resolution® clock #S 71F. o Ao = 19 fields 7}2H
Timestamp_Base_Ext_Bit, Timestamp_Base, Timestamp_Ref, MMT Receiver Processing Time (DR)©] D.1 layer
packet headerol]l &g,

- Timestamp_Base_Ext_Bit (1 bit) : Timestamp_Base_Ext_Bit #ke] '1'¥ 4% 90 KHz resolution® clock®
2ZHE AAE timestamp 2] 33 bit X oA Fo]l 19SS on|hy o]uf2] timestamp &< decimal number =
1112329 % . Timestamp_Base_Ext_Bit #ke] '0'Y A% timestamp & 33 bit YA NA ] Fto] 09S 2v]
3t o]wj o] timestamp ZHS decimal number 2 0ur2320) & .

- Timestamp_Base (32 bits) : 90 KHz resolution®] clocko.ZXE AWAHE timestamp 2] 3}9] 32 bits k< U+
Bl
- Timestamp_Ref (9 bits) : Timestamp_Control_Flag #ke] '01' =¥ '11' o A$o &Astw, 90 KHz

resolution®] clocks 27 MHz resolution clock®® refine 3}7] ¢ 0~300 (27 MHz/90 KHz=300) A}ole] ¥
9ol #Fat= clock count #ES EAISHZ] YA 9 bits7t DL,

- MMT Receiver Processing Time (DR) (21 bits) : media synchronizations $]3] Z 23+ PTS (presentation
timestamp) X E MMT receiver oA Axks] ¥ 4= AA 7] 98] L3 receiver oAl Ao XA
= processing time S UEFY. MIT receiverolA= Timestamp_Base_Ext_Bit, Timestamp_Base, %
Timestamp_Ref® XY= 90 KHz = 27 MHzY PCR (program clock reference) HEE &3t PISE
PTS=PCR+DRS] #AA-S Eal Axbs] ¥ = A&, o] A4 PCR o] Fo DRIFE AlFe] A AlHS PIS=E A

A3to] presentation unitg presentation shE S 9n| g,
<Compatibility>
- Timestamp_Base (32 bits): Compatible with RTP timestamp

- Timestamp_Base + Timestamp_Base_Ext_Bit (32 bits + 1 bit = 33 bits): Compatible with PCR_base clock
of MPEG-2 TS @ 90 kHz resolution.

- Timestamp_Base + Timestamp_Base_Ext_Bit + Timestamp_Ref (32 bits + 1 bit + 9 bit = 42 bits):
Compatible with PCR_Ext clock of MPEG-2 TS @ 27 MHz resolution.

Timestamp to Calculate Network Jitter and RTT
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= 2% MMTOlA Aelskal 9+ protocol stack = wWE 9o AAIE = MMT packeto] T+%2E5 YeERTE [1]

E.1 layerdlA] A== MPEG TS packet5< IP networksE F3 @437 ¢814E D.1 layerdl Al networke

jitterE FAst=d &89 = e t'mestamp AR7F Aegd a7k 9 MPEG TS: EXAo=® E]X]%HV\

AR =g FHo= e qZol7] widd AEHE TS dRE2 Ad %E]O] Hl A Qb Al M7l 29| ¢

(Circuit switched network)Ql W& EH F1710) AeEn. wEkA, MPEG TS &L dF Aol
ZA) xé]

o ox o

AetA == HF AA Aol HlwA Fa dAsP AV EFE TS A ES SAH SR A 9
Elo]™ B3 2= (timing buffer model)$l T-STD (Transport Stream System Target Decoder) W3 Rdl%: &
HHoz Lol @ 4 gt a#H, IP T é 417] 292 " (packet switched network)< E3 MPEG
TSE AF3st7] faiA= Ao naA<d E 7o =z A ’\]7} Ho| (delay variation in
arrival time)?l jitter® AE8HAl FAT a7t da, HEdS T MPEG TS AFd AFsiA AA" EF
T-STD W3 Rdx o]d 1P Foll M9 jitterS aeste] AAEojoF Doyt gl 1H8FE%OE.°ﬂMm
9] D.1 layerlA & E.1 layerolx] BAE HolHES HuL 9)\—‘2 IP EHZIO] IP 4& Eﬁﬂ g o F7A 5]
network jitter® FAIZoIA H1 A F A

AAA AEd a7t

oZ“LL‘l
fm]

% 3& networkd] MIU sizeZ 9A &+ /N9 MPEG-2 TS 3% E0] D.1 layer packet® payloade] mapping¥
= 9 & yeEdTE D.1 layer packet UDP over IP & AX & [P Wo= AEHAY UDPE AXA &l AHAH
Aoz [P A8 @ Fo P Foz AFE 5 3

MMT packet ©] IP WS E3F dAHdA AFSA = network jitterE i FastA AXEH7] el D.1
layer headerolA %= 49} Z& MMT timestamp informations A|Q3fjof & d_7} gt}.

D.1 packet®] payloado] mapping®+ o2 7§¢] MPEG TS packet E9] headero]+= PCR (program clock
reference) ©]&}= clock BHXR7} 713" 4= AW, EE TS packetoll PCRzte] &A1= AL oy}, v|=
PCR Zto] TS packet headero] 7|2 o] otz steldts, 7 $9x]7}F D.1 packet payloade] A2+ x|¢} =8}
A gowz QA TS packet headero] 7]Z=¥ PCREE WS g3 = AHBE jitter AXlo] E7le3dlr}.
w2}A], D.1 layer packet headerol] ZHAo=Z jitter AXro]l &3 4= 9= timestamp FEE AU I
7} A}k, o] timestamp @ D.1 packet payload®] A WA byte ¢ sampling instantol 31F %+ clockzkol
3lE3=d], D.1 packetoll A& = TS packet®] headerol] 7]=% PCREFS &-83}9] interpolations %3 L
@ F=d ¥ F= 9lar, NP, UIC 59 ¥E9] wall clocks A&3te] 1 gt 298 = 9t

olg]gl EAo AFgE timestamp BHRE AF37] a4 = 1o Timestamp_Base_Ext_Bit, Timestamp_Base,
Timestamp_Ref”7} ¥3t= o] Adr}. Timestamp_Baser 719 IP domainolA] AF&EH A RTP timestampele] 3t
A4S mEste] 32 bite] HolE ZHEFE AASIH, 7]E9 MPEG TS9| 33 bit ZHolE& Z+&= PCR_base clock®He]
s3HS  1yde] 1 bit  AV]IE ZE Timestamp_Base Ext_Bit & @ FriHoer A&t}
Timestamp_Base_Ext_Bit & =L Zto] '1'¥Y 7% 90 KHz resolution® clocke 2B A% timestamp & 33
bit RN zkol 19S w3} Timestamp_Base ©f 2329FF9] clockzkS ©sl o] HE2A<l Timestampgk
S FAEHA Avt. =, Timestamp=Timestamp_Base+232uATimestamp_Base _Bit®E L Zto] AXMHATE. FAIZoA =
Timestamp_Base ¢} Timestamp_Base_Ext_Bit & Al ¥ timestampits &-83}o] sender® receiver 7+2] system
clock lockingO] 7Vl A, IP networkoll A WA 7Fa3k jitter & % RIT (round trip time) & AAFS=
do|= &8& 4 9lv}. dA, timestamp #2 F5E H8] AMEEHE system clock 2 RIP timestampe} MPEG
TS9] base PCR clock ©] 90 KHz resolution®] system clocks AEISIIL AS TLH3] MTAAZ 72X =2
90 KHz system clocke AM&3Ht}., 18]3L, MPEG system® PCR Exte] Z-$-A% 27 MHz ¢ system clocko®
resolutions refine Al ZL87F Y& AFol= Timestamp_Control_Flag = E3te] 9 bit ZHol9
Timestamp_Ref S F7F& o2 AL&3E 4= v}, o]4o] timestamp & header field TZE MMTOl &-&3to =M
71Z9] 32 bit AAL RTP timestamp®} 42 bit A A1S] PCR timestampES U3+ AlZF £ mechanism¥} backward

compatibility® #X& 4 Ut}.

Timestamp to support media synchronization

MMTS] D.1 layerolAlE $A1Z0] A2 o2 ultjo] 7+9] T7]3F JRE dojd 4= Q%2 D.1 layer headerZ
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Z8 H7)3et #HE timestamp ZAHRE AFE T2y} vk, = 1] YERY 9= MMT Receiver Processing
Time (DR) field”} media synchronization A& $I8] F7}%+= MMT timestamp information ©]t}.

% 5% sender$} receiver ZFoll MMT 7]WFe] media packet transmission®] ©]5©]Z uw|2] end-to-end system
architecture® YERATE = 5914 i-th presentation unit®] MMT sender processordll Y= = =37k AT
o] STC(system target clock)ol &3] 4o tiZ FA|% I, i-th presentation unitol] ™3+ PTS PTSSiE
MMT sender processorollA =glel 4Q%+E A9 AIZFSl Ds,i, channel (assumed to have constant
transmission delay) & &% HFo] 4~Q%+= X AIZFQ DN,i, 2|3 MMT receiver processorolA 2] #]
o] £285E XA A DR, iE AHFHH th] FEAd Zo] zAE.

!

PTSg;=t;tDg; Dy Dp;

3k, MMT) D.1 layerolA] packet headero] 71234 F= PCR #k9l PRiE &9 48 A3} o] xdHAT),
T84 2

PCR,~T+Dy,

ot 13} 2= 5E PISiE vhao oA o] 3dH.

3
L

43

PTSS,f :PCRi+‘DMi+‘DR,i

Y™, ®E presentation unit®o] MEE T3 Ao HAA & FYUI constant delayQl DN,iAZF o] &
of MMT receiverel]l =&3}A i, =2 =7FE MMT receiver®] STC7F MMT sender @] STCol clock locki ng©]
o|Fol XA AFaly] wWjEel, FAZMe PCRiE DN,iAZMeHE | Fo] A MMT sendere] PCRioll 23 A4
Ak, w2bA, MMT receiverol A2l AAAQl PTSYI PIS R, i+ tho 823 o] ALtd.

7814 4

PTSy,~PCR+Dy,

=, MMT receiverelAl = i-th presentation unit& 24138k =7ke] AJ7EQ1 PCRIZH-E DR, i7F At Al HellA
i-th presentation unit& presentationdl™ H T}, oJ™ presentation unit®] MMT sender process & AA&
o]l o8 Ael= AT ] presentation unit®] FAA H & sender TellAe] o] AAA = == PCR
ol S718HAl Ea=dl, o] F7hE A AZFE MMT receiveroll A &=3}7] $alA sender WollA wHe =9
4 D.1 packet headerel] FEA|8FA @t). whjo] H-$-Z MMT sender process & AXE #AHo] o} 1 799
= o] 7t&A" A4 AIZFS MMT receiverolX Z43817] $I814 sender oA DR,izk & H2l4 D.1 packet
headerol] EAI3HA ATk, o]&A Ao o 2M PISE presentation unit vheh &4 A& 7+4¢] gk (H|g
9] 4% inter—frame interval) 22 Hx& 4 Aut. A, MT receiver oA D R,igE HEoZ
o]

7hs et

presentation A|ZFHS 2= 2P AHE 37|19 bufferES A3 9% o vjx|sto =y 3

olabe] EX& Ee&fa] MMT-based end-to-end sy stemollA media synchronizationg A d3}l7] s s 7]#3

_6_



[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

SIHS31 10-2012-0084246

O 2 MMT sender Toll4 PCR X<} DR AHE D.1 layer headerol X3ghA|#Hok st} WA, PR R 4
% 1o YeElY 9= timestam p field #+F2 U2 &8I A9 90 KHz 9+ olye} 27 MHz resolutiond]
system clocks ©]83}0] tim estamp #S EHT 4 Avt. 28]ar, 90 KHz resolution®® PISE ¥ d3s7] 9
A ek 49 YERY 9l & DRELS D.1 layer headerol F7Fett}. DR#ke] A=Al W& several seco
nds~20 seconds Alelell o] & ZHo]m=Z DR bit lengthi 21 bits & ¥er}(221 /90KHz=23seconds) .

Use Cases

= 19 timestamp F&d H21E MTY D.1 layer headero] e Ao IA &3 & 27Fx1¢ MIT
applicationo] &&EX o2 AHE&d 4 v}, A, MPEG TSS9 FAFSH HEel= E.1 layerolA] encapsulation &
o] AAE dHolele %ol PCRol dldH+= Fkol E.1 packetol 7]=o] FH&=d], o] o ZE IP networks =
T AFolA # Al Hi= network jitter o AXb RIT 545 AEsiAl & 4 glvk. webA], E.1 layer
packetS D.1 layerS 7 A] packetizationdt== 3}, network jitter % RTT AXle] gy o=w gz
4= & time stamp FEE D.1 layer packet headerol 7]&3sl= Zlo] HQslt}l. o]#f3t timestamp AHEE =
1o #letE  MMT timestamp fieldES E-8&3le] ¥AIE 4 9th. &), RIP payload format¥ A e
E.1 layerel A encapsulation o] AXE dlolge] 7%l E.1 layer packet header®] media
synchronization A& 4 U= AR7F EASA] &&=t upgha], o213 media synchronization & #|&
g 4~ 9= HAEE D.1 la yer headerel 715 Ha7} vk, = 1o AQHE timestamp #H fieldES &&3)
o] 90 KHz =& 27 MHz resolution®] clock® 2 PCR &S FAIE 4 9lal, F7HH 02 DR#HS ATTo=zH
TS50 A PIS @& gGA Qoflles ¢t o8l Al o2 M audio, video, text 59 TF¥3 medias MNTE

28 AT Aol 2135004 media synchronizations Fe+stAl o] F 4= Qtt.

onl

5]
3

Conclusions

2 dbgdol = MMT2] D.1 layer packetization ¥-gollX AA == packet®] header o XgrE]ojof &
timestamp9} THH informatione] A e FA] sl A<tsiAct. A QFSE MMT timestamp information-
MPEG TS9} A8 HEf= E.1 layerol A encapsulation %o] 4@ ©lo] E]Z IP networksE 53 dA5E o
channelolA ZAE3tA =& jitter ¢ RIT 52 Aol &34 82 4 A& timestamp ¥H HBE D.1
layer headeroll X A|-&3}A ®t}. L3k, synchronization A|&o] HL3 informations ¥ 3314 & E.1
layer packeto]l t™&]4] media synchronizationo] Z23F timestamp ¥ AHWXES D.1 layer headeroll A A&
ok, AlerE D.1 layero] A9 MMT timestamp informationS Eg3Fo =z M MMT 7]% 7]5+e] m|tjo] Ho I
23 timestamp ¥ HRE g¥Hoz I 4 U},
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MMT AJ2=E1e] layer Eo] w3t functional A oAE M-UnitsS AASE E.3 layersE %7132 93
timestamp AR E A-Fd} [6], [7]2 eIt M-Unito] 3ol elementary stream oA Yo ¥ 3k} o]
2] media fragment unit =2 AU (access unit) 22 o]Fojdth= AL ek u) M-Unit levelolA AL5 o]
oF 3= E7]3} attributer FAIFO)A presentation & W playback®] A|&AS A Y3FE intra—media F7]
slo}l dA|gr}t. Intra-media B7ISHE 9l AR ARE dnbdo=m H|te FAIT AR Hude oyt
system clock?l system time clock (STC)ZYF-E| Aojxth. AWty o2 intra-media 57|35 A|¥s}= timing
A X = PIS (presentation time stamp) ©|th. M-Unit< timed data unit =2 non-timed data unit % 3tY=
Zokel 4= 9t} [8]. M-Unit©] non-timed data unit<S ¥&3= A5 PIS X E E.3 layer? o] x3=
a7l gk, 281} timed data unit& YHAE PIS7F media B713FS 3 timestamp AHE A|F3l7]

E.3 layerd] alto] x3= "a7l v}, Figure2i: A|Qrslaizl &= E.3 layer adltjo] E3FE PTS timest

ZE HoFr.

[

Functional definitions on MMT layers of MMT system designate that E.3 layer which produces M-Unit
should provide timestamp information for synchronization [6], [7]. Considering that M-Unit is composed
of one or more media fragment unit or AU (access unit) from a single elementary stream, the
synchronization attribute that should be supported in the M-Unit level corresponds to the intra-media
synchronization providing proper playback continuity in presentation at the receiver. The timing
information for the intra-media synchronization can be usually obtained from the system time clock
(STC) which is the generic system clock of the terminal involved in the video communication. Typical
timing information to provide for the intra-media synchronization is PTS. An M-unit may contain either
a timed data unit or a non-timed data unit [8]. If M-unit contains a non-timed data unit, PTS
information does not need to be included in the E.3 layer header. However, for timed data unit, PTS
needs to be included in the E.3 layer header to provide timestamp information for media
synchronization. &= 7 shows the proposed PTS timestamp structure in the E.3 layer header.

Syntax and semantics of the header fields in Figure 2 are as follows;

Timed_Data_Flag (1 bitl): M-unit®o] timed data =< non-timed datas X&3=x 28
PTS_Control_Flag®] &4 %= veldtt. indicates whether the M-Unit contains timed data or non—timed
data, and signals existence of PTS_Control_Flag.

'0" indicates the M-Unit contains non-timed data. Therefore, no PTS_Control_Flag exists in the
E.3 layer header.

'1" indicates the M-Unit contains timed data. Therefore, PTS_Control_Flag exists in the E.3
layer header and holds meaningful values.

PTS_Control_Flag (1 bit): indicates presence of PTS information in the E.3 layer header.
'0' indicates no PTS information is present in the E.3 layer header.

'1" indicates PTS information is present in the E.3 layer header. Therefore, PTS_Base_Ext_Bit
and PTS_Base of &= 7 exist in the E.3 header fields and hold meaningful values.

PTS_Base_Ext_Bit (1 bit):

. 334 . . . Ix2%
1" is bit value of the clock when the clock resolution is 90kHz and its value is
in decimal.
33rd
'0" s bit value of the clock when the clock resolution is 90kHz and its value is
232
0x2 in decimal.
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PTS_Base (32 bits): lower 32bit value of the PTS with 90kHz clock resolution.

A 3= PTS timestamp RO C-2Z= 2o FEa=F T o),

The C-like pseudocode representation of the proposed PTS timestamp information is as follows:

PTS_timestamp( ) {
if(Timed_Data_Flag=="'1") {
PTS_Control_Flag ; (1 bit)
}

if(PTS_Control_Flag=='1") {

PTS_Base_Ext_Bit ; (1 bit)
PTS_Base ; (32 bits)
}
}
PTS_Control_Flag®} ##sle], PIS= 2449 AU vith AdddE o= Qi o 59 MPEG A|=YS PISE

x%
3t MPEG-2 TS A E9] 7+A0o] 700ms & ZIpsbd or®Elvya WA|sth, 2822 Aol M-Unito] PTS ARE
EZotel=AE JeRE flagZt 8790k, MPEG-2 systemol] AFREE A8 22l PTS expressionS WE7] 98] A
ol PTS AKX = F 33bit 9 Ao] ;L zr=t). JHQS%FiJMPUmme}&ﬂHQ<%ﬂﬂ]
21]0]-0]]/\1 PTS 7} 1 H]E PTS_Base_Ext_Bit ZZ=9} 32H|E PIS_Base T & T/ of& FEoT XIAHE

Relating to the PTS_Control_Flag, PTS does not need to be transmitted to the receiver for every AU
interval. As an example, MPEG system requires that the must be contained in the MPEG-2TS packet at
intervals no longer than. Thus, a valid flag to indicate whether the current M-Unit contains PTS
information or not is required. To comply with the conventional PTS expression used in MPEG-2 system,
the whole length of the proposed PTS information is 33 bits length. However, to keep compatibility
with the RTP timestamp of 32 bits length at the same time, we propose to represent the PTS with two
separate parts PTS_Base_Ext_Bit field with 1 bit and PTS_Base field with 32 bits.

Proposed MCR Timestamp Information at the D.1 Layer

Functional definitions on MMT layers of MMT system specify that D.1 layer should provide timing
information required to calculate amount of network jitter during transmission for stable buffer
management [6], [7]. A well-known clock reference PCR is a source of timing information that is
basically used to coordinate synchronization of the receiver STC with the transmitter STC. In addition
to the clock locking purpose between transmitter and receiver STCs, by observing delayed arrival time
of PCR packets experiencing jitter in network transmission, it is possible to estimate the network
jitter. Furthermore, with the two important timing parameters, PTS and PCR, it is also possible to
achieve media synchronization operation for MMT. In this contribution, we propose an MMT clock
reference (MCR) which serves a purpose similar to the PCR of MPEG-2 system but has different

expressions.

% 8 1illustrates an example of D.1 layer header structure with MCR timestamp information being

. . . . . . st .
proposed. The proposed MCR timestamp information contains sampling instance clock value of i byte in
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the payload of MMT packet and this value can be used for system clock locking purpose between sender

and receiver, as well as jitter estimation and RTT calculation.

Syntax and semantics of the header fields in %= 8 are as follows;

MMT_Receiver_Buffering_Time("!::II‘R )(20 bits): represents total buffering time (processing delay

time before presentation) prior to media presentation to calculate PTS (presentation timestamp) at the
receiving end for straightforward inter-media synchronization. MMT_Receiver_Buffering_Time is measured
in units of 90 kHz clock ticks. By using 90kHz or 27MHz MCR, represented with MCR_Base_Ext_Bit,

MCR_Base, and MCR_Ext, and I)R , MMT receiver calculates PTS to start presentation of a presentation
PTS=MCR+Dj

unit with the equation . When delivering MMT payload format over RTP, the PTS

value of 32 bits length derived only using MCR_Base and MMT_Receiver_Buffering Time should be directly

mapped into the RTP timestamp field in the RTP header. Note that every RTP packet needs to carry RTP

timestamp information in its regular header.

MCR_Ext (9 bits): exists when the value of Timestamp_Control_Flag is 'O1' or '11' to refine
90kHz clock resolution to 27MHz clock resolution. 9 bits are required to represent 0~300 (27MHz /

90kHz) clock count value in decimal.
MCR_Base (32 bits): lower 32bit value of the timestamp with 90kHz clock resolution.

MCR_Base_Ext_Bit (1 bit):

33:«:1
"' is bit value of the clock when the clock resolution is 90kHz and its value is
1x232
in decimal.
3311:1
'0" is bit value of the clock when the clock resolution is 90kHz and its value is
0x232

in decimal. To provide compatibility with the conventional RTP timestamp of 32bits length,
this field must be marked as 'O. Note that MMT shall support delivery using existing application—layer
transport protocol such as RTP.

Timestamp_Control_Flag (2 bits): controls resolution of timestamp.

'00' indicates 90 kHz clock resolution to calculate network jitter and RTT (Round Trip Time).
MCR_Base_Ext_Bit and MCR_Base become meaningful.

'01" indicates 27MHz clock resolution to calculate network jitter and RTT. MCR_Base_Ext_Bit,
MCR_Base, and MCR_Ext become meaningful.

'10" indicates 90kHz clock resolution to support media synchronization. MCR_Base_Ext_Bit,

MCR_Base, and MMT_Receiver_Buffering Time (I)R ) become meaningful.

'11" indicates 27MHz clock resolution to support media synchronization. MCR_Base_Ext_Bit,

MCR_Base, MCR_Ext, and MMT_Receiver_Buffering Time (I)R )become meaningful.

Compatibility: According to the requirements of MMT, MMT shall support convenient conversion
to and from the existing MPEG transport/storage formats [7]. Thus, keeping compatibility with the

_10_
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existing timestamp structures is crucial to the MMT system design.
MCR_Base (32 bits): Compatible with conventional RTP timestamp.

MCR_Base_Ext_Bit + MCR_Base (1 bit + 32 bits = 33 bits): Compatible with base resolution PCR
clock of MPEG-2 TS @ 90 kHz resolution.

MCR_Base_Ext_Bit + MCR_Base + MCR_Ext (1 bit + 32 bits + 9 bits = 42 bits): Compatible with
full resolution PCR clock of MPEG-2 TS @ 27 MHz resolution.

The C-like pseudocode representation of the proposed MCR timestamp information is as follows:

MCR_t imestamp( ) {
if(Timestamp_Control_Flag=='00") {
MCR_Base_Ext_Bit ; (1 bit)
MCR_Base ; (32 bits)
}
else if(Timestamp_Control_Flag=='01") {
MCR_Base_Ext_Bit ; (1 bit)
MCR_Base ; (32 bits)
MCR_Ext ; (9 bits)
}

else if(Timestamp_Control_Flag=='10") {

MCR_Base_Ext_Bit ; (1 bit)
MCR_Base ; (32 bits)
MMT_Receiver_Buffering_Time; (20 bits)
}
else {
MCR_Base_Ext_Bit ; (1 bit)
MCR_Base ; (32 bits)
MCR_Ext ; (9 bits)
MMT_Receiver_Buffering_Time; (20 bits)
}
}

Timestamps to support media synchronization

To enable a decoder to present synchronized content, the sender's clock is periodically indicated to
the receiver by means of the MCR information of D.1 layer of MMT system. The receiver must lock its
local clock on the incoming MCR in order to supply a clean time base for decoding and presentation
purposes. In addition to the MCR information, PTS is also necessary to get proper time to represent
the reconstructed media as an output. However, PTS with rather long length of 33 bits does not need to
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be transmitted to the receiver for every AU interval (For example, at least once every 700 ms, if the
MPEG-2 TS is used). Thus, for MMT packet that does not contain PTS information in its header, we need
to provide an effective way to derive the PTS value in a straightforward manner at the MMT receiver.

For this purpose, we employed the MMT_Receiver_Buffering Time (I)R) field with rather short length of

20 bits in the D.1 layer as shown in %= 8. By combining MCR and IDR, we can straightforwardly get the

exact PTS value for the arrived MMT packet, even without referring to the PTS information that may

exist in the E.3 layer. Therefore, MMT_Receiver_Buffering Time (I)R) field is the additional timing

information field to support media synchronization in MMT system.

% 9 illustrates an example of an end-to—end transmission architecture of MMT system [9]. At the input
of the MMT sender process consisting of video encoder and subsequent MMT packet packing process
(comprising MMT encapsulation and packetization process), the time of occurrence of an input video
picture is noted by sampling the STC. Ideally, the end-to—end buffering delay (i.e., the total delay
encountered in both encoder buffer and decoder buffer) is constant. Thus, a constant quantity equal to
the sum of MMT sender and MIT receiver buffer delays is added, creating a PTS (by assuming MMT packet
packing and de-packing processes are instantaneous and require zero execution time in the ideal

PTS .,

model). Based on this analysis, PTS of i-th presentation unit at MMT sender, < can be expressed

by the following equation:

784 5

PTSE:I. 35 fr- = DE::' + D};:f +DR::'

r.
: is measured by SIC (system time clock) when i-th presentation unit enters MMT sender

D, . I)Rr

process, N 1s total buffering delay caused by MMT sender process, " is channel (assumed to

where

have constant transmission delay) delay, and 1is total buffering delay caused by MMT receiver process.
The MCR value, . ! that needs to be delivered in D.1 layer's header can be calculated with:
34 6

MCR, =t, + D,

Hence, °8+2] 5 can be rewritten as:
74 7
PTSS:f = MCR, ""D_\:__: +‘DR:E

Since all the compressed presentation units (that is AUs) arrived to the MMT receiver after constant

DF&'-"
delay "7 upon the arrival, STC of MMT receiver locks it's clock with the STC of MMT sender by
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using received MCR indication, and this permits the MMT receiver to share a common time-base with the

D}f.;‘ PIS ..
MMT sender STC clock with the network transmission delay of “. Hence, B4 0f the MMT
receiver can be represented as
4 8
JF‘EE"JS’_,{.__j = MCR, + DR:E
. L . o MCR,

In other words, when the MMT receiver receives i-th compressed presentation unit (i-th AU) at =

. . I}RJ
the unit can be presented to the output device after
However, when the MMT sender processing delay increases, hence MCR clock count increases as well, in

JE}..:i

order to provide uniform inter—frame presentation interval, the sender reduces ~ to absorb the

. . . . . I}RJ
delay increment, and the receiver adjusts buffering time based on

7 (2% / 90KHz ~11.6 seconds

Proper value range of % is between several seconds to 10 seconds , hence

20 bits are assigned as shown in = 8.

This document proposes timestamp header fields for MMT system. In the E.3 layer of MMT system, we
proposed a PTS timestamp information. To keep compatibility with the RTP timestamp of 32 bits length,
we represent the PTS with two separate fields PTS_Base_Ext_Bit and PTS_Base. In the D.1 layer of MMT
system, we proposed an MCR timestamp information. The proposed MCR timestamp information can be used
to calculate jitter and RTT when transporting MMT packets over IP networks. In addition, it also

provides a straightforward method to derive PTS value by using the MMT_Receiver_Buffering_Time (I)R)

field. In conclusion, we proposed PTS and MCR timestamp representations for MMT system.
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Figure 2. Proposed PTS timestamp structure in the E.3 layer header.
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