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Scope of the presentation

= Important efforts are on-going within standard bodies to study the performances
aspects of packet based methods, such as IEEE1588v2

— Short term need: frequency distribution over existing networks (i.e. no timing
support from the network equipments)
— Longer term need: phase/time distribution over networks that may provide timing

support from the network equipments (e.g. Synck + BC or TC) in order to immune
to PDV and asymmetry (likely to be necessary due to very stringent requirements)

= Key parameter impacting packet based methods performances when there is
no timing support from the network nodes: Packet Delay Variation (PDV)

— [Essential to study the typical PDV that is seen over real telecom networks
— But also to study the mechanisms (e.g. QoS) enabling to control and limit this PDV

= This paper proposes a study with real telecom equipments aiming at showing
the impacts of QoS mechanisms on PDV, and comparing the PDV results
measured over different technologies or platforms from different suppliers

— Different metrics related to PDV currently under study in ITU-T are applied
— Evaluation of the behaviour of different PTP slaves when replaying the PDV profiles
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FT strategy regarding frequency synchronization

= Use of physical methods, such as Synck, everywhere it is possible

Almost all the cases when the network is owned can rely on this approach
Straightforward integration in the existing synchronization networks

Excellent and controlled timing quality (no impact of PDV, etc...)

Strong support now for Synchronous Ethernet from the industry

Low-cost solution when SyncE implementation is anticipated in the equipments
Several cases of successful Synck deployments in FT networks

= Avoid the use of packet based methods, such as PTPVv2 (for frequency delivery)

But the potential savings generated by the use of these methods when the network
s not owned (full migration towards Ethernet leased lines) can justify to study them

However, additional costs in case of deployments to be considered (OPEX mainly),
as well as the technical risks and impacts in case of problems of timing quality

= Limit the use of GNSS solutions, such as GPS

Use of GPS as centralized PRC in some specific cases, or as a backup systems
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Multi-operator context

= A mobile operator can use the network of another carrier operator (leased lines)

— Strong impact on synchronization transport when the leased line is Ethernet-based

Carrier operator B

Direction of the timing distribution

= This multi-operator context needs therefore to be carefully considered in the
standards, so that suitable approaches would be depicted

— Discussions on-going in MEF and ITU-T regarding this multi-operator context
— Only frequency delivery is discussed here, corresponding to the short term need
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Alternatives to address the multi-operator case
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Packet based methods and mobile backhaul

- Short term case: TDM base stations, 3 main unknowns:

1- Network PDV (how to control it? which metrics?)
2- Slave implementation performance (algorithm, oscillator, PDV tolerance)
3- Different base stations tolerances to wander (depends on the supplier)

@ \ l
? \ ) Reference
\\\\ @ TDM Ethernet PSN \Ethernet clock

BTS /Node B External ‘ :
Synchron PTPv2 master
PTPvZ slave with PTPv2 packets

- Middle term case: future "IP" base stations, "only" 2 unknowns:

1- Network PDV (how to control it? which metrics?)
2- Slave implementation performance (algorithm, oscillator, PDV tolerance)

= Easier situation from
\ the PTPv2 protocol
\\ \ ) Reference ,
thernet PSN . Ethernet @ clock perspective, as the

requirement at the

I N - I B B B . [
BTS / Node B Syn izatio i output of the PTPV2 is
PTPv2 master

embedding with PTPv2 packets relaxed (50ppb)

a PTPv2 slave
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PDV over Ethernet platform supplier A - test setup
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: Frequency reference
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(fiber) (fiber) (fiber)

= Telecom Ethernet switches (mono-supplier): 3 access nodes and 4 core nodes

— VLAN and CoS used over this system
— The CoS of the timing flow is modified during the tests, to see its impact on PDV

— Background traffic load is generated during the tests
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Description of the conditions of the tests

- Test 1: measure with no data traffic

- Test 2: static traffic load in CORE node

— The link between "CORE node 3" and "CORE node 4" is congested (100%, with packet loss)
with a static data traffic flow configured with the lowest priority (O) and composed of packets
with variable sizes (from 64 to 1518 bytes)

- Test 3: static traffic load in ACCESS node

— The link between "ACCESS node 2" and "CORE node 3" is congested (100%, with packet loss)
with a static data traffic flow configured with the lowest priority (O) and composed of packets
with a fixed size of 1518 bytes or variable sizes

- Test 4: dynamic traffic load not prioritized in CORE and ACCESS nodes

— The links between "CORE node 5" and "CORE node 6", and between "CORE node 6" and
"ACCESS node 7" are loaded at the same time by a dynamic data traffic flow configured with
the lowest priority (0) and composed of packets with variable sizes (from 64 to 1518 bytes)

- Test 5: dynamic traffic load prioritized in CORE and ACCESS nodes

— The links between "CORE node 5" and "CORE node 6", and between "CORE node 6" and
"ACCESS node 7" are loaded at the same time by two dynamic data traffic flows composed of
packets with variable sizes (from 64 to 1518 bytes): the first one is configured with the lowest
priority (0), the second one is configured with the highest priority (6)
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Test 1: Measure without data traffic
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Test 2, Case 1: CoS Synchro = Best Effort (pri = 0)

Histogram (p/p = 302
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Test 2, Case 2: CoS Synchro = Medium (pri = 3)

PDV : Histogram (p/p = 161 pus) :
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Test 2, Case 3: CoS Synchro = High (pri = 6)
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Test 3, Case 1: CoS Synchro = Best Effort (pri = 0)

PDV : Histogram (p/p = 1.55 ms) :
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Test 3, Case 2: CoS Synchro = Medium (pri = 3)

Histogram (p/p =2 ms) :
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Test 3, Case 3: CoS Synchro = High (pri = 6)

PDV : H|stogram (p/p 33 us) :
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Traffic load variations applied in the tests 4 and 5
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- The same traffic load is applied at the same time over the two links (core and access)
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PDV :
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Test 4, Case 2: CoS Synchro = High (pri = 6)

Histogram (p/p = 103 pus) :
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Behaviour of a slave when replaying the PDV of test 4, case 2

TIE measurement:
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Behaviour of a slave when replaying the PDV of test 4, case 2
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Test 5, Case 1: CoS Synchro = Best Effort (pri = 0)

PDV : Histogram (p/p = 782 ps) :
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Test 5, Case 2: CoS Synchro = High (pri = 6)

PDV : Histogram (p/p = 155 pus) :
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PDV over Ethernet platform supplier A - analysis

- These results show that the way the packet timing flow is prioritized in the network

equipments has a strong impact on the PDV.

- 3 important aspects have been analyzed: PDV amplitude, PDV distribution (floor delay),

presence of floor delay steps.

= In case of congestion, delay steps occur, PDV amplitude increases, and floor delay

population decreases. Prioritization of the timing flow helps improving these 3 aspects.

- In case of congestion, when load is less than 70%, prioritization of the timing flow has

no significant impact on the PDV. But over 75%, prioritization seems to help increasing
the population of packets close to the floor delay (but PDV amplitude is not reduced).

- Intermediate priority does not help improving the PDV: highest priority should be used

for the timing flows.

- Packet size can have an impact on the stability of the floor delay. Delay steps have been

observed when changing the packets size. The type of traffic carried by the network has
to be considered carefully.

- The results are very different depending of the type of equipment : core or access.

Therefore, it can be assumed that when investigating equipments from other
manufacturers, results may also be quite different. PDV testing on a case by case basis
IS necessary.

- MAFE and minTDEV seem to reflect at first sight the population of packets close to the

26

floor delay. However, further investigations are necessary in order to obtain from such
metrics an information regarding the performances of packet based slaves (such as
PTPVv2 slaves).
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PDV over Ethernet platform supplier B - test setup

Ethernet
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1
GE @bery| FPDV | Frequency POV | 5E (fiber)
¥ probe [¥ FE =777 reference FE "|  probe 7
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L 4 | L 4
PTPv2 : PTPV2
master [*7°° slave

= Telecom Ethernet switches (mono-supplier): 6 similar core equipments

— VLAN and CoS used over this system
— The CoS of the timing flow is modified during the tests, to see its impact on PDV

— Background traffic load is generated during the tests
28 Orange Labs - Research & Development — ITSF 2009 - 11/2009 France Telecom Group - public



Description of the conditions of the tests

- Test 1: measure with no data traffic

- Test 2: dynamic traffic load not prioritized composed of packets with a size of 1518 bytes

— The traffic links between node 1 and node 8 is loaded by a dynamic data traffic flow
configured with the lowest priority (0)

- Test 3: dynamic traffic load not prioritized composed of packets with a size of 256 bytes

— The traffic links between node 1 and node 8 is loaded by a dynamic data traffic flow
configured with the lowest priority (O)

- Test 4: dynamic traffic load not prioritized composed of packets with variable sizes

— The traffic links between node 1 and node 8 is loaded by a dynamic data traffic flow
configured with the lowest priority (0) composed of packets with variable sizes (from

64 to 1518 bytes)
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Test 1: Measure without data traffic
Histogram (p/p = 7.8 ps) :
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= The same PDV measurement is done several times by increasing the number of
equipments in the Ethernet network, from 2 to 6

= The PDV does not significantly increase when increasing the number of
unloaded network equipments
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Traffic load variations applied in the tests 2 and 3
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PDV :
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Test 2, Case 2: CoS Synchro = High (pri = 6)

PDV : Histogram (p/p = 137.5 ps) :
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Test 3, Case 1: CoS Synchro = Best Effort (pri = 0)

Histogram (p/p = 70.3 pus) :
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2.00 howrs/ drv
mhours s

‘ — 0% 10% —20%

30% ——40% — 50% 60% — 70% 80% 90% —— 100% ‘

10.00E+00

H'

l

I

1.00E-05 2.00E-05

3.00E-05 4.00E-05 5.00E-05 6.00E-05 7.00E-05

Fractional frequency offset of the PTPVv2 slave :

Trafic

1E-7

+50ppb

B5E-8/
div

-50ppb

-1E-7
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| 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100% | 0% |

— — —— - — -
— l —— _ - —_
e s
200 hourstdiv
hours:
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Test 3, Case 2:

PDV :

Trafic | 10% | 20% | 30% | 40% | 50% | 70% | 80
160 us
10 us
/div
|
Ous oo 22.00
PDV p/p m;O,Qu: 20,1ps 20,2ps  18,1ps  18,5pus  183ps 18,8us 18,5pus 20,2us  20,3ps 13,2u:m
Latency 0,1ps 0,7us 2us 3,4us 3,2us 4,1ps 4,6us 5,3ps Sus Apus Ops
TIE measurement of the PTPVv2 slave :
Trafic | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100% | 0%
9 ps | ! ! ‘
Tus/
div
At
_2 US 2200 . 44.00
hours 2.00 hows/div ot
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CoS Synchro = High (pri = 6)

Histogram (p/p = 61.3 us) :

‘ — 0% 10% —20% 30% ——40% —50% 60% —70% 80% 90% ——100%

I |

0.00E+00

1.00E-05

2.00E-05 3.00E-05 4.00E-05 5.00E-05 6.00E-05

Fractional frequency offset of the PTPVv2 slave :

Trafic | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100% | 0% |
1E-7 ' ' ' ' '
+50ppb [==— i St e A s e -
5E-8/ LT | ] “ | |\ I | I ‘| L ||| |
div | i
_50ppb | y [ 1 " =T
-1E-7 00 P 0
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Test 4, Case 1: CoS Synchro = Best Effort (pri = 0)

PDV : Histogram (p/p = 140 ps) :

Trafic - \0%/ \0%/ \0%/

150 ps I .75% . I : 100% | [ : 25% —25% — 5% — 100%
10 s
/div
Ops B T
PDV plp . 822 ps 582 s 1151 ps - 0.00E+00 2.00E-05 4.00E-05 6.00E-05 8.00E-05 1.00E-04 1.20E-04 1.40E-04
Latency 31,9us 80ps 0,3us
TIE measurement of the PTPv2 slave : Fractional frequency offset of the PTPVv2 slave :
Trafic 0%/ \0%/ \0%!/ Trafic \0%/ \0%/ \0%/
240 ys I 75% I 100% I 25% | E7 |1 ‘75/0 11 100% 11 | 25%
+50ppb
10 ps/
div
5E-8/
div
-50ppb
; ; ; -1E-7 : |
-310 s T.000 - : - 770 X ‘ ‘|,m houss/div

1.00 hoursdiv

hous

........ hours
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Test 4, Case 2: CoS Synchro = High (pri = 6)

PDV :
Trafic- 0%/ \0%!/ \0%/
150 ps I 75% I 100% 1 25%
Il
10 us
/div
Ops L -
‘ PDV pip N 91,4 us - 63,5 us 66,6 s -
Latency Tus 60,1ps 0,1ps
TIE measurement of the PTPVv2 slave :
Trafic:  \0%! \0%/ \0%/
10 s I 75% I 100% I 25%
)ﬂwﬂ\ﬂ/ﬂw U ﬁvﬂvfr\
5us/

-30 us 0000
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1.00 haurs/div

5

Histogram (p/p = 120 ps) :

— 25%

— 75%

— 100%

I8

! M

0.00E+00

2.00E-05

4.00E-05

6.00E-05

Fractional frequency offset of the PTPVv2 slave :
Trafic \0%!f \0%/ \0%i
1 75% I 100% I 25%
1E-7 ,
+50ppb ' = ‘ -
5E-8/ ,L H “ “ i ‘ H i ‘J A s bbbl Gdg L o L) oo
. 0 I I G T TR TR LR TR
w u | 'T i}
-50ppb == : —— -
-1E-7
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PDV over Ethernet platform supplier B - analysis

= These results show that the way the packet timing flow is prioritized in the network equipments can
have a strong impact on the PDV

= 3 important aspects have been analyzed: PDV amplitude, PDV distribution (floor delay), presence of
delay steps

= The PDV results are quite different from the previous Ethernet platform from the supplier A, as
expected (PDV testing on a case by case basis is necessary):

When the traffic load increases, delay steps occur, but not necessarily with the same amplitudes as with
supplier A, and not only in case of congestion or high level of traffic load (>75%)

Similarly to supplier A, prioritization of the timing flow helps minimizing the amplitude of these delay steps,
but not only in case of congestion or high level of traffic load (>75%), also in case of lower level of load

Prioritization of the packet timing flow generally seems to help increasing the population of packets close to
the floor delay, but not always (e.g. case of 256 bytes packet size)

The PDV amplitude is not necessarily reduced when prioritizing the timing flow, similarly to supplier A

Paradoxically, the PDV amplitude tends to decrease when the traffic load increases, which is the contrary of
the behavior observed with supplier A

Packet size has a strong impact on the PDV (i.e. the results with 256 bytes packet size are very different
from the 1518 bytes packet size or variable packet sizes). Delay steps have been also observed when
changing the packets size, similarly to supplier A.

The PDV does not significantly increase when increasing the number of unloaded network equipments

= Prioritizing the packet timing flow does not always improve the performance of the PTPv2 slave

38

It may be slightly improved sometimes in the time domain, but not in the frequency domain, or the contrary

The case of packet size of 256 bytes show very unexpected results: the use of the highest priority for the
packet timing flow degrades the PDV and the quality of the clock recovered by the PTPv2 slave!

But probably, another PTPv2 slave implementation would have provided different results, since the
algorithms are proprietary and may strongly differ between PTPv2 vendors...

Therefore, very difficult to draw a general conclusion
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PDV over OTN platform - test setup

Frequency
oottt TTTmrT T T mrrmmE T mmE T reference

]
I
1
1
' ¥ Node 1 Node 3 v
1 GE
vore | POV e 1le— | POV | FE
' probe ODU1 ODU probe
| —»[2 2|
1
1 —p(3 3 |—
; l oDU1 QDU v[
! —|4 y : 4 |—
Lop PTPv2 (ODUD |« —#|oDUz PTPv2
master B 5 l4— slave
ODUT ODUT
— 7 e T [
oDU1 oDU1
—{ 8 g [—
GE GE
Node 2 MNode 4
oDuz [«— —»{oDUZ
oDUZ |+ »{ODUZ
Ethernet
e traffic e
generator

= Configuration with 2 or 4 nodes have been used, with or without traffic load

— Tests 1 and 5: 2 nodes without traffic, tests 2 and 3: 2 nodes with traffic, test 4: 4

nodes without traffic
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PDV over OTN platform - Results and analysis

Histogram (p/p = 1.6 ps) :

Histogram Test1 Test 2 Test 3 Test4 Test5

100000

10000 -

Vo

1000 +

100 4

10 \
1

Ops ' 2.000E-07 4.000E-07 6.000E-07 8.000E-07 1us 1.200E-06 1.400E-06 1.600E-06 1.8us i

= All the tests (with or without traffic load, 2 or 4 nodes) lead to the same PDV
result: 1.6 ps of PDV amplitude with the same histogram represented above

— OTN transport should therefore not be very challenging for a PTPv2 slave
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PDV over MW platform - test setup

PDV PDV
probe probe

Micro Wave system

GE j:ﬂa L JJG GE
I Ilnkl I|nk2 I|nk3 ?

> MW MW P>
Node 1 Node 2 Node 3 Node 4
ﬁ\/
GE GE
P Traffic generator P v

= Full packet Micro Wave system, i.e. the nodes act as Ethernet switches

— VLAN and CoS used over this system
— The PTPv2 timing flow is prioritized in this test

= Automatic radio modulation changes on the radio links (4QAM/16QAM/64QAM)
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PDV over MW platform — Results and analysis
Histogram (p/p = 300 ps) :

Modulation load
y
300 !
[UES T R SN SRS S SN 1 a1 Nt bt 1o e I s -SE SN SRS SRS S | 700Mbps
""""" ]
64QAM
(120 Mpbs)
80 s ulid
/div ‘
16QAM n.l ,,,,,,,,,,,,,,,,,,,,,,,,,,,
(80 Mpbs)
] I
[
Hf |
4QAM q
0. |
(40Mpbs) [ o ee i ; o 100Mbps
-30 i H H i H H !
ST s TSR = == mmmmmm e mmmmmmmemo oo WE L N e R e T
nnnnn

HS mnutes

= Strong impacts of the radio modulation changes on PDV

— When the bandwidth offered by the MW system is reduced, the delays increase,
and the radio modulation changes seem to create delay jumps in the PDV curve

= The PDV curve shows the combination of both radio modulation changes and
congestion periods effects:

Delay jJumps due to radio modulation changes are characterized by an amplitude of
tens of ps (40us and 120us steps can be observed), which is much higher than the
theoretical expected latency increase due to the link bandwidth reduction

Congestion periods also create delay jumps (around 20 ps of amplitude)
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PDV measurement over live mobile backhaul

o
¥
RNC MASG F can CSG i
| | Ethernet i N
;:;;.’ i, =====z[F== ====--=> E===3 i ' s g 10wz
|
f N A Base ¢S|gna
\ Station -
/I ' q- -
PDV - ! '
- ------"-"-"-"—"-"-"-"-"-"-"-"-"------~ 1
probe ﬁ E , Phase
PTPV2 timing flow PTPv2 timing flow o P meter 3 |

prioritized not prioritized
&4 —————————— , [
| : ! !
PTPV2 (R @ 1 W , PTPV2
master slave 1

Frequency | !

reference | Phase E Phase
by meter 2

= Use of a live network of another carrier operator, via an Ethernet
Managed Service, the rest of the backhaul network is not loaded

- Two PTPv2 timing flows transported differently are connected
(with and without CoS) to two PTPV2 slaves

— PTPv2 slave 1 receives a PTPv2 timing flow which is not prioritized
— PTPVv2 slave 2 receives a PTPv2 timing flow which is prioritized

- PTPV2 slaves and base station outputs are monitored
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Preliminary results for PTP slave 1 (no CoS)

PDV :

Histogram (p/p = 180 ps) :

180 ps

20 us
/div
I | I

‘h“”h |u‘\||lw ‘“l\

i0.000

TEofslave t:

bus

N - _37E-12

1 ps/div

/

\\ 3.7

E-7

-Bus ow
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Preliminary results for PTP slave 2 (with CoS)

PDV : Histogram (p/p = 250 ps) :
250 ps i i — === == — = . 7T p—
| iZoom 1 ! 4 i
| ' (‘ b |
i ! ol ol o
i | (o =
i i A 3
20 ps | ! \ I
/div | ; "\ i
f : I Mwﬁ\ " :
| ' WW’W
L |
A i
ous 1 " — | 1]
TIE Of%%S|ave 2: _________________________________________________________________________________________ Fractional frequency offset of slave 2:
18 s - e .
- DN AN 8 PN hoh ‘
s B VAL A AN TA Wil AN TA N
/ IRV IR Y Ry |
Y Voo y VoA
Vo
|
18ps = e B Ly
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Preliminary results for the base station

TIE measured at the output of the base station:

160 ps

40
us/div

-280 s

Fractional frequency offset measured at the output of the base station:

3E-9

5E-10
/div

-3E-9
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Preliminary analysis

= The PTPVv2 slave receiving the PTPVv2 timing flow transported with the highest

priority produces a higher noise than the PTPVv2 slave receiving the PTPv2
timing flow not prioritized

— No possibility to ensure how the PTPv2 timing flow is really transported in terms of
prioritization over the Ethernet Managed Service of the other operator

= The PTPv2 timing flow transported with the highest priority seems to produce a

PDV with a less optimized floor delay than the PTPv2 timing flow not prioritized

— Some timing packets seem to arrive sometimes "earlier" than the floor delay
— The use of an intermediate priority over the Ethernet Managed Service may explain?

= However, as the backhaul network is not loaded in these tests, this paradoxical

situation may not be true anymore when traffic load would be applied

— Very likely, the Ethernet Managed Service network is not very loaded as well

= Base station accepts anyway the "noisy" reference, and remains well below the

50 ppb limit for the air interface (implementation quite tolerant to wander)

= Future tests are planned including generation of traffic load over the mobile

backhaul network, in order to stress the PTPv2 slaves and analyze if the use of
CoS helps improving the PDV in this situation

Orange Labs - Research & Development — ITSF 2009 - 11/2009 France Telecom Group - public






Conclusion

The results of this presentation show that important differences can be seen
over different types of networks in terms of PDV generation

— Very difficult to deduce general rules...

— A better understanding of the relationships between how to control PDV in the
network equipments and PTPv2 slaves tolerance and performance is however a
necessary step before a safe development of PTPv2 technology

The floor delay criteria seems to be generally improved by means of QoS
mechanisms (such as prioritization of the packet timing flows)

— In particular, prioritization of the packet timing flow enable generally to reduce the
amplitude of the delay steps which occur when the network load increases

— However, certain technologies produce PDV not due to traffic load (e.g. DSL, MW)
Can it be envisaged that the network PDV would be controlled?

— Very difficult objective with existing deployed networks (it is the reason why the
operators prefer physical methods, such as Synchronous Ethernet...)

— (Case-by-case testing Is probably necessary to achieve this goal
— Common criteria needs to be agreed first (e.g. floor delay)

PTPv2 slave integration in the base station should probably simplify the problem

— Relaxed requirement (50ppb), good clock already implemented in the base stations
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