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LIGHT SW-TC

Effective Software upgrade option to simplify
PTP slave operation
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Presenter
Presentation Notes
This presentation addresses PTS.
The reality is that most network are already built and it is not practical/economical to make the necessary HW upgrade to get “Full Timing Support” in the short run.
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PTS - STANDARD >

> Ongoing work in ITU-T concerning “Partial Timing Support”
Architecture

> ITU-T G.8275 recently amended (“Assisted” PTS as first
step)
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Presentation Notes
ITU-T are working on a standard that defines the possibilities and a building practice guidelines for enabling timing in PTS networks.
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Presentation Notes
This presentation will be about PDV and the impact of load asymmetry.
These figures shows histograms of delays generated from a simple queue model (switch). The first histogram shows the delay distribution with 60% load and the second with 40% load.
This model will be used through the whole presentation.
The static delay though a switch is not included in these figures.
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Presenter
Presentation Notes
If packets from these two distributions are combined to time offset measurements, we’ll have a time offset of several microseconds.�Most slaves will use a “Lucky Packet Filter” to find packet with no or little delay in each direction.



LUCKY PACKET FILTER
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Picking the quickest packet with different observation
interval (10s, 100s, 200s)
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Presentation Notes
Long observation interval give less maximum delay but
 - is sensitive to a frequency offset
 - gives long synch-in times
 - is no guarantee that a lucky packet is found, and there could be several lucky packet in an interval that is not used.


LOAD ASYMMETRY

Combining Sync and Delay messages selected

from 100s observation intervals to Time Offset
measurements:
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The Time Offset measurements has an offset!
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Presentation Notes
The static delay has been removed in the SYNC and DELAY_REQ histograms. The static delay is assumed to be the same in both direction and is canceled out in the time offset calculation.

What we would like to see in the time offset measurements is a symmetric distribution with a mean value that is zero. That is not the case. The time offset measurements has an offset.
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>We DON'T want to change all HW in the network
> We want to simplify the slave operation
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Presentation Notes
The slave has to find a good trade-off between getting many measurements (small window) and good measurement (long window). The load is changing with time and there could be frequency offset that makes the observation window choose the wrong packet. Statistical evaluations of the received packets are needed and the slave can be made quite complex. The performance and the characteristics of the slave will be very vendor specific.
What can be done to simplify the slave operation without changing the HW in the network?
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Presentation Notes
The observation window is a discriminating function. One or a few out of several thousand packets are selected, the rest is thrown away. The slave is not very good at this. It will often select bad packets or throw a lot of good ones.
The information that a packet is queued in a specific node is known by the node. If there is something already in the egress queue, the node will tag the PTP packet as delayed. A packet that reaches its destination without being tag as delayed is a True Lucky Packet. The slave can use these untagged packet and the lucky packet filter is not needed.
This functionality needs no HW for time-stamping, the actual delay is not interesting. A SW upgrade of the firmware should be all that is needed.
We introduce the PTP node Light SW-TC!


PACKET

Common Message Header
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ADDING DeLAY INFO TO Z
Bl Octets  Offset
4 3 2 1
messageType 1 0
versionPTP 1 1
messagelLength 2 2
domainNumber 1 4
reserved 1 5
flagField 2 6
correctionField 8 8
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Presentation Notes
Preferred solution:
Set all values, except the most significant, in the correctionField to the value of one�That would indicate that the delay is too big to represent and therefor unusable for synchronization.�To adjust the correctionField is possible without modification of any standard. The solution could also be easily mentioned in the relevant standards if considered appropriate.

Alternative
Use timeTraceable flag in the PTP header.�The timeTraceble flag is present in all PTP packets but only used in the ANNOUNCE message. To extend the use to SYNC and DELAY_REQ would require a modification of the standard IEEE1588. It should have no backward compatibility issues, which means such modification might be feasible in the ongoing IEEE1588-2008 revision.
Use profileSpecific flags in the PTP header.�Using one of the profileSpecific flags would require a modification of the standard IEEE1588 or that the functionality described in this document is part of a profile.
Add a suffix TLV to the PTP packet�To add a suffix TLV is backward compatible with existing implementations and could therefore be amended to an existing profile, e.g. G.8275.2 (no need to revise the IEEE1588)�To add a suffix TLV could be used as a vendor specific solution. That would however work only over transport nodes and end nodes of the same vendor.
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Presentation Notes
Introducing the PTP node light SW-TC 
An interim solution for PTS
Removes the need for a ”Lucky Packet Filter”
SW upgrade of existing network element
The SW-TC works fine with existing PTP nodes as for example a traditional TC

In a network were not all nodes are upgraded to SW-TCs, there are some advantages. The lucky packet will have less packet to find lucky packets from. The distribution of the remaining packets will be “less Gaussian” and more skewed to the left.
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> Simulations in Matlab
>PDV — 10 queues with 60/40% load
> Packet rate Is 64pkt/s
> Slave starts with 200ppb frequency offset
> Two different selection methods:
- "Lucky packet filter” with 100s observation interval

- SW-TC network



SIMULATION
SeLeCTeED PACKETS
"LUCKY PACKET FILTER”
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Presentation Notes
40% load direction: Lucky packets are found in every observation window. A few ”wrong” packets are selected in the beginning of the simulation in the 40% direction due to the frequency offset.
60% load direction: The Lucky Packet filter picks out alot of delayed packets

1 message is selected every 100s
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Presentation Notes
A lot of packet in the 40% load direction is available for use. Far less in the 60% direction.
Similar result is possible with variable observation interval in uplink and downlink for the Lucky Packet Filter. However, time-variant distributed PDV will tend to mess that up.
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TIME OFFSeET
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Presentation Notes
The frequency offset is clearly visible in the ”lucky packet filtered” version. The impact of the frequency offset is visible for almost the whole period.

The frequency offset makes the time offset change during the observation interval.
It takes around 30 min to reach below 1 us.
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Presentation Notes
In the SW-TC, there are alot of good packet in one direction and the frequency offset is removed in a few seconds.
It takes a long time before a enough packets in oposite direction arrives.
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Presentation Notes
1. There is a semistatic error in the ”Lucky packet filter” version due to the load assymetri. A longer observation interval would make the error smaller.
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CONCLUSIONS

> Partial Timing Support scenarios are important for several
operators

> Not always feasible to meet the most stringent requirements

> Software updates in the transport network can provide
significant help
—No new HW; SW upgrade sufficient!
— Fits into available standards
> Simplifies the slave operation
- All Lucky Packets are easily identified

- Insensitive to initial frequency offset
- Less sensitive to load impairment

> It would be beneficial to define standard practices
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SIMULATION
THE MODEL

> Three states in state vector x:. downstream offset [s],
upstream offset [s], fractional frequency offset [-]

> Kalman filter i1s used as state estimator

> Control Value (change in frequency) is a function of the
three states:

t = 100ns/50ppb
c=—[Y2 Y /t+1]
CVv = cX
> Static Measurement noise, R = (1us)?
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TIME OFFSET - S C

Time offset

0.01 T I
true offset
0.008 - estimated offset |-
— — 3 sigma confidence

0.006 j

0.004

0.002

Offset [us]

-0.002

-0.004

-0.006

-0.008

| | | | | | | | |
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time [s]

-0.01
0

Public | © Ericsson AB 2015 | 2015-02-09 | Page 22

\\



SIMULATION

TIME OFFSET - SWTC
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Presentation Notes
The confidence interval is based on a static measurement noise. This can be further improved, also for the ”lucky packet filter” slave, by estimating the measurement noise in each direction.



SIMULATION
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SIMULATION
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Presentation Notes
Different scale on the y axis. Interval 100 times smaller.
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