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PROBLEM STATEMENT

* How do we synchronize multiple wireless cameras?
e PTPvs NTP vs SIB9

* PTPis already used for ST 2110 on the wired side
 Will PTP work over 5G at all?

 What accuracy is good enough?
 Unicast/Multicast
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PTP WITHOUT CORRECTION FIELD

Capturing from enp62s0Ff1

File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help

.« PTPis vulnerable to path asymmetry
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96442 7608.1785309.. 172.98.168.1 172.98.168.7 PTPv2 86 Sync Message
96443 T7608.1795266.. 172.98.168.1 172.98.168.7 PTPv2 86 Follow_Up Message °
96444 7608.2286190.. 172.98.168.7 172.98.168.1 PTPv2 86 Delay_ReL] Message . A
96445 7608.2312756.. 172.98.168.1 172.98.168.7 PTPvZ 96 Delay_Resp Message n CO n S a n a S I I l I I I e r WI ro u Ce
96446 7608.3042744.. 172.98.168.1 172.98.168.7 PTPv2 86 Sync Message y
96447 7608.3052765.. 172.98.168.1 172.98.168.7 PTPv2 86 Follow_Up Message
96448 7608.3355111.. 172.98.168.1 172.98.168.7 PTPv2 186 Announce Message .
96449 7608.4299123.. 172.98.168.1 172.968.168.7 PTPvZ 86 Sync Message
seuts ogslgenss. Uil el oo e a time offset equal to half of the
96451 7608.4616382.. 172.98.168.7 172.98.168.1 PTPvZ 86 Delay_Req Message
96452 7608.4640373.. 172.98.168.1 172.98.168.7 PTPv2 96 Delay_RESp Message

l 96453 7608.5540338.. 172.98.168.1 172.968.168.7 PTPv2 86 Sync Message . °

I 96454 7608.5550271.. 172.98.168.1 172.98.168B.7 PTPv2 86 FDllDw_l.lp Message
differential delay.
96456 7608.5948550.. 172.98.168.7 172.98.168.1 PTPv2 86 Delay_ReL] Message
96457 7608.5965149.. 172.98.168.1 172.98.168.7 PTPv2Z 96 Delay_Resp Message
96458 7608.6785017.. 172.98.168.1 172.98.168.7 PTPv2 &6 Sync Message L] L] L]
96459 7608.6794995.. 172.98.168.1 172.98.168.7 PTPVZ 86 Follow Up Message [ ) D n a m I C a S m m et r I es WI | I e n e rate
96460 7608.7593128.. 172.98.168.7 172.98.168.1 PTPv2 86 Delay_REq Message
96461 7608.7610208.. 172.98.168.1 172.98.168.7 PTPvZ 96 Delay_Resp Message
96462 7608.8045204.. 172.98.168.1 172.98.168.7 PTPv2 86 Sync Message
96463 7608.8055247.. 172.98.168.1 172.98.168.7 PTPv2 86 Follow_Up Message

1 7

i s bas s s i i ea 4ea iR e - u N p red icta b | e e rro rS t h u S i m pa i ri N g

~ Precision Time Protocol (IEEE1588) &

» 0800 .... = transportSpecific: ex@
i = messageld: Sync Message (0x@8) . . 4 .
the synchronization precision
.... 0810 = versionPTP: 2
messageLength: 44
subdomainNumber: 127

i — * Correction fields can be used by the TC

correction: Ns: @ nanoseconds
e . whlle- O _oan i

Reserved: @ : . .
ClockIdentity: 9x088011fffe2ledda to I I lltlgate t IS
SourcePortID: 3

sequenceld: 316

control: Sync Message (@)

logMessagePeriod: 127 -
06 3c ELERGCERERNERERRCEIENCENC: 60 60 00 00 68 60 <m ------ -
11 ff fe 21 ed 6a 80 83 01 3c 00 7f 6O @O 61 f@  .-.!.... .<....a&- ’

89 71 89 41 7a e8 -q-AZ- =
#  Text item (text), 8 bytes Packets: 104557 - Displayed: 104557 (100.0%)  Profile: Default p—
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WITHOUT CORRECTION (PPS)
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STATIC CORRECTION

W PO U LpLEpny
Datei Bearbeiten Ansicht Navigation Aufzeichnen Analyse Statistiken Telephonie Wireless Tools Hilfe

® RE Qe=sEZFiSEqqqr

No. Time Source Destination . Frotocol . Lengtl Info . : :
| 21 0.441394766 172.98._168. 224.0.1.129 PTPv2 182 Management Frror Message (NO_SUCH_TD) e re’ e CO r re C I O n I e

]

22 0.441394848 172.98.168.1 224.9.1.129 PTPv2 142 Management Message

23 8.441438384 172.98.168.4 224.0.1.129 PTPv2 102 Management Error Message (NO_SUCH_ID) . . .

24 0.441465815 172.98.168.7 224.0.1.129 PTPv2 102 Management Error Message (NO_SUCH_ID) m | I I n S e rte d u S I n

25 ©.539124679 172.98.168.1 172.98.168.7 PTPv2 86 Sync Message I S a n u a y ’ g
26 0.540147368 172.98.168.1 172.98.168.7 PTPv2 86 Follow_Up Message

27 ©.574826215 172.98.168.7 172.98.168.1 PTPv2 86 Delay Reg Message

28 ©.577149488 172.98.168.1 172.98 .168.7 PTPv2 96 Delay Resp Message t h e d e I a AS m m et r

29 ©.663413817 172.98.168.1 172.98.168.7 PTPv2 106 Announce Message y y y

36 0.663428535 172.98.168.1 172.98 .168.7 PTPv2 86 Sync Message

31 8.663896354 172.98.168.1 172.98.168.7 PTPv2 86 Follow_Up Message

< roperty of ptp4l
Frame 28: 96 bytes on wire (768 bits), 96 bytes captured (768 hifi) on interface Pnpﬁ?ﬁ.ﬂﬂ, id @ p p y p p
Ethernet 11, Src: Tektroni_2l:ed:@a (08:90:11:21:ed:0a), Dst: Mellanox 98:c8:85 (Bc:42:a1:98:c8:85) o o
Internet Protocol Version 4, Src: 172.98.168.1, Dst: 172.98.168.7 ) Th IS Ca n be u Sed tO fIX
User Datagram Protocol, Src Port: 328, Dst Port: 320
v Precision Time Protocol (IEEE1588)
0800 .... = transportSpecific: €x@

s =i £ e constant asymmetry

v... 0010 = versionPTP: 2
messagelength: 54
subdomainNumber: 127
Reserved: @

.F
correction: -150000,800008 nanoseconds
Res 3

Clockldentity: Ox080@11fffelledda
SourcePortID: 3

sequenceld: 45111

control: Delay Resp Message (3)
logMessagePeriod: 127
receiveTimestamp (seconds): 1643186087
receiveTimestamp (nanoseconds): 982289904

requestingSourcePortldentity: @x@c42alfffeds8c88s
requestingSourcePortId: 1 E B U
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RELEASE 15 RESULTS (WITH
STATIC CORRECTION)

SIGLENT b 100us/ Delay:391rms
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DYNAMIC CORRECTION

Datei Bearbeiten Ansicht Mavigation Aufzeichnen Analyse Statistiken Telephonie Wireless Tocls Hilfe

® RE AewEFeEaaaqr
| No. Time Source Destination Frotocol Lengtt Info
| 1 6.000000 172.20.2.5 172.29.2.1 PTPv2 86 Delay Req Message .
208.001770 172.28.2.1 172.28.2.5 PTPv2 96 Delay_Resp Message
Ericsson URLLC system can detect
4 8.818768 172.26.2.1 172.28.2.5 PTPw2 96 Delay_Resp Message
5 @.055773 172.28.2.1 172.20.2.5 PTPv2 86 Sync Message
6 8.856771 17298223 172.20.2.5 PTPv2 86 Follow Up Message PT P k t n d t h
7 8.070477 172.28.2.5 2 s A Icmp 98 Echo (ping) request 1d=0x8030, seq p a C e S a u S e e
808.072782 172.20.2.1 172.20.2.5 1CMP 98 Echo (ping) reply id=ex0038, seq
9 @.153872 172.28.2.5 172.20.2.1 PTPw2 86 Delay_Req Message
16 @.155522 172.28.2.1 172.28.2.5

PTPv2 96 Delay_Resp Message Correction fields to Signa |
e e L e o residence time, thus acting as a TC

Internet Protocol Version 4, Src: 172.20.2.1, Dst: 172.20.2.5
User Datagram Protocol, Src Port: 3208, Dst Port: 320
v Precision Time Protocol (IEEE1588)

@eed .... = transportSpecific: ex@
... 1801 = messageld: Delay_Resp Message (8x9)
8008 .... = Reserved: @

... 8010 = versionPTP: 2
messagelength: 54
subdomainNumber: 127
Reserved: @
{1 2g it
correction: 737120,000000 nanoseconds
Reserved: @
ClockIdentity: @x@g@0llfffe2ledoa
SourcePortID: 3
sequenceld: 15481
control: Delay Resp Message (3)
logMessagePeriod: 127
receiveTimestamp (seconds): 1643227223
receiveTimestamp (nanoseconds): 230709712

requestingSourcePortIdentity: Ox@c42alfffe98c885
requestingSourcePortId: 1 E B U

TECHNOLOGY & INNOVATION

SG
RECO®RDS

\



EXPERIMENT SETUP

oscilloscope

Small
Computer
Comparing the
Thunderbolt PPS signals
PPS signal

|Nlelr\.;.rork NVIDIA PPS signal Grand

nterface rand master
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Session Type G NVIDIA
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Small
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URLLC TEST NETWORK (REL. 16 + 17 FEATURES)

Location Ericsson Aachen
Setup type Portable indoor
setup (OTA)
Core NR-SA (Rel. 16 + 17)

Supported band

mmW (28GHz):

27.5-28.3 GHz
Available 1-2x 100MHz
bandwidth
MIMO support 2DL/2 UL
Features TSN
2ms RTT

URLLC slice vs eMBB

A

NNNNNNNNNNNNNNNNNNNNN

SG



HARDWARE COMPONENTS

Nvidia Mellanox ConnectX6 DX

Dual 100 Gbps interface
Supports high (single nanosecond) PTP precession
Outputs PPS signal

Nvidia SN 2010

Ethernet switch

Tektroniks SPG8000a

* PTP (IEEE 1588-2008)
* SMPTE ST 2059-2 profile in Unicast mode

\\
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OSCILLOSCOPE MEASUREMENTS
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TEST 1: MEASUREMENTS WITHOUT TIMING
ASSISTANCE OR PTP CLIENT'S PARAMETERS

TWEAKING

The general parameters of the test: 0.000012
¢ Residence time provided: No 0.00001
e PTP servo used: Linear regression

e Advanced servo parameters tweaking: No
e Number of data points: 1577

Offset distribution

0.000008
0.000006

0.000004

Probability mass

0.000002

0
0 50000 100000 150000 200000 250000

Offset, ns

The main results are the following:

e Average PTP accuracy: 116653 ns (~117 us)
e Median PTP accuracy: 116036 ns (~117 us) Offset

PPS measurements results: 150 o . . . .
e Number of data points: 12 100

e Average offset: 152 ys 50

Offset, us
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TEST 2: MEASUREMENTS WITH TIMING
ASSISTANCE AND PTP CLIENT'S PARAMETERS

TWEAKING

The general parameters of the test:
e Residence time provided: Yes

PTP servo used: PI § 000015
Advanced servo parameters tweaking: Yes

Number of data points: 932

Offset distribution

0.0002

0.0001

Probability m

0.00005

The main results are the fO”OWing: 0 2000 4000 6000 8000 10000 12000
e Average PTP accuracy: 3451 ns (~3,5 ps) Offset, ns
e Median PTP accuracy: 2832 ns (~2,8 us) Offset

PPS measurements results:
e Number of data points: 20
e Average offset: 4,066 us

0 2 4 6 8 10 12 14 16 18 20

Data point number
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TEST 2: MEASUREMENTS WITH TIMING
ASSISTANCE AND PTP CLIENT'S PARAMETERS

TWEAKING

CorrectionNs CorrectionNs histogram

— Sync (DL) 20.0
DelayResp (UL)
2.5 17.5
15.0
= 2.0 1
E g 125
g 15- g 100
-S T
7.5 4 - I [
1.0 - 55 ] \v . . ‘ |
:__\-5_ :. ‘ []‘I. L ‘
T T T T T T G.‘} A
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0.5 0.6 0.7 0.8 0.9 1.0

Capture time [s] Frame Rx Duration [ms]

Residence time and a histogram of residence time reported by the testbed in
correction fields over time for Test 2
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TEST 3: MEASUREMENTS WITH TIMING
ASSISTANCE BUT NO PTP CLIENT'S

PARAMETERS TWEAKING

F

Offset distribution

The general parameters of the test: 0.00018

e Residence time provided: Yes s 000010

e PTP servo used: Linear regression £ omor2

e Advanced servo parameters tweaking: No = 000008

e Number of data points: 449 € 0008

The main results are the following: 0 2000 4000 6000 8000 10000 12000
e Average PTP accuracy: 3633 ns (~3,6 us) o

e Median PTP accuracy: 3106 ns (~3,1 ys) Offset

PPS measurements results:

e Number of data points: 10 f j e o . e o
e Average offset: 4,756 s 5, ' ! I\
0 1 2 ’ 4Data poinSt number6 7 8 9 B
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TEST 4: MEASUREMENTS UNDER LOAD - IN THE

PRESENCE OF NETWORK CONGESTION

The general parameters of the test:

e Residence time provided: Yes

PTP servo used: Linear regression
Advanced servo parameters tweaking: No
Number of data points: 737

The main results are the following:
e Average PTP accuracy: 23358 ns (~23,4 us)
e Median PTP accuracy: 23350 ns (~23,4 us)

PPS measurements results.
e Number of data points: 10
e Average offset: 13,56 us
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0.00012
(%]
S 0.0001
e 0.
2 0.00008
'g 0.00006
0
S 0.00004
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0.00002

0

25
20

Offset, us
=
o

o wun

A
Offset distribution

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
Offset, ns
Offset
[ J
[ J
[} [} [} [}
[ J
\d °
[ J
1 2 3 4 5 6 7 8 9 10
Data point number
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CONCLUSIONS

A

* Synchronization accuracy of less than 4 us can be achieved
with residence time measured and reported by the 5G
system compared to ~120-150 us achieved with the TSN
features disabled

* Inthe presence of network congestion of 80-90% of
available bandwidth the accuracy degrades to ~24 us
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