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History from 2/16 Plenary

JDefinition of a data packet type with both
seghum and timestamp was rejected

— This packet type supports radio timescales
(e.g. CPRI frequency) that are different from

the Ethernet
1588)

— Use of more

JA control pac
with both sec

network timescale (e.g. IEEE

pkt_types was not desired

Ket sub-type was defined
num and timestamp

— This control packet also periodically provides

the relations
and the Ethe
segnhum and

Nip between the radio timescale
rnet network timescale using
timestamp
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Goals of this Presentation

1Show the operation of the data path and
the control path options

JList the benefits and the issues of the two
options

1 Confirm the use of the control path option
or switch to the data path option
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JdTimescale:

— A linear measure of time (e.g. the definition of
1 second)

— Domains with different timescales have
"1 second intervals” that are different from
each other. For example:

e 1s in domain A’s timescale =
1s + 1ns in domain B’s timescale
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Example 1: Data Path Option

1 Data path packets all have timestamps

- For simplicity, timestamp field is not limited to
999,999,999.75ns in this example

— Segnum is used only for reordering or detection of
missing packets

1 Desired RoE network delay is set to 15ms

1 The radio and the Ethernet network (PTP) have
different timescales
— 1.000 sec for the radio = 1.001 sec for PTP

— This timescale offset is HUGE and is used for example
purposes only

1 Radio timescale values are shown in red
1 Ethernet timescale values are shown in blue
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Reminder: Basics of Data Path Timestamping

4. radio message
presented when:

2. presentation time = .
. _ t1 + desired_RoE. dly 3. RoE packet received
1. radio message is Ethernet ToD =
timestamped (t1) using Time stamp measurement planes e.g. using PTP presentation_time =
Ethernet ToD < g t1 + desired_RoE_dly
\ RoE Sender RoE Receiver \
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¢ buffer C Y Network Y C buffer ¢
\M(—b timer timer <—>M
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1 All timestamping is done in the domain of the Ethernet timescale
(PTP, for this example)
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Example 1: Data Path Timestamping with

Frequency Transparency

4. radio message presented when:

1. radio message #1 arrives 2. presentation_time Ethernet ToD = presentaton_time

at radio ToD = 1 sec. =11 + desired_RoE_dly 3. RoE packet #1 is received =t1 + desired_RoE_dly

=1sec+ 15ms =1 sec + 15ms

It is timestamped with

Ethernet ToD = t1 = 1 sec Radio ToD =1 sec + (15ms + 1.001)
Desired_RoE_delay = 15ms
/ 8. radio message presented when:
5. radio message #2 arrives at 6. presentation_time Ethernet ToD = presentaton_time
fadio Tob = 1 sec + 10ms. =12 + desired_RoE_dly 7. ROE packet #2 is received S UER

=1 sec + (10ms x 1.001) + 15ms =1sec + (10ms x 1.001) + 15ms

It is timestamped with

Ethernet ToD = t2 ) . Radio ToD =
Time stamp measurement planes e.g. using PTP a
= 1sec + (10ms x 1.001) P . =1 sec + 10ms + (15ms + 1.001)
\ \ RoE Sender RoE Receiver \
Baseband | Radio of M| P Ethernet PIM RoE rado | Radio Side
Side Interface || packet D A | H HI A D> pPacket > Interface
buff cly Network Y| buffer
control |« »  timer timer <—>‘M
< Maximum e 2e transport time including de-jitter buffering >
el
o _ gﬁ 3
Cl=] . - Sl
g E 1.000 sec in Radio timescale 23
3 2 = 1.001 sec in Ethernet timescale _rE 5
HE 1F:
3 E

1 The radio’s timescale is preserved at destination

- The difference in timescales only affects the network delay

- Network delay and timescale offsets are expected to be small so net error is small
(e.g. 200us x 50ppb = 0.01ns)

14 April 2016 IEEE P1904.3 WG Meeting, San Jose, CA, USA 7



Benefits: Data Path Option

1 Presentation time generation is easy
— Just add the desired network delay to the timestamp

- Presentation time usage is easy

— Just wait for the Ethernet ToD to equal the presentation
time

] Radio client frequency preservation is easy

— Radio client frequency is naturally preserved if its data is
presented at the specified presentation time

] Effect of different radio and Ethernet timescales
is negligible
- Very small effect on the overall delay of every packet
1 If timestamps are on every packet, segnum
function is simplified
— Just used for reordering and missing packet detection

14 April 2016 IEEE P1904.3 WG Meeting, San Jose, CA, USA 8



Issues: Data Path Option

IMore pkt_types are consumed if we have
packets with just the segnum and packets
with both segnum and timestamp

I Bandwidth efficiency is reduced if segnum
and timestamp both exist on every data
packet
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Example 2: Control Path

) Control packets are used to communicate relationship
between timestamp and segnum

— Simple incrementing segnum is used for this example, where
each increment is equivalent to 10ms of radio time

- For simplicity, timestamp field is not limited to
999,999,999.75ns in this example

] Desired RoE network delay is set to 15ms
) The radio and the Ethernet network (PTP) have different
timescales
— 1.000 sec for the radio = 1.001 sec for PTP

— This timescale offset is HUGE and is used for example
purposes only

) For reference and for comparison purposes, the data path
timestamp operations from last the example are shown
again

] Radio timescale values are shown in red

] Ethernet timescale values are shown in blue
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Example 2: Control Path with Frequency

Transparency

2. presentation_time 4. radio message presented when:

1. radio message #1 arrives =1l + desired_RoE_dly

a1 Eelts Tl = 1l Garm, =1sec + 15ms 3. ROE packet #1 is received Ethernet ToD = presentaton_time
=11 + desired_RoE_dly
It is timestamped with seqnum =1 =1 sec + 15ms
Ethernet ToD = t1 =1 sec . )
Desired_RoE_delay = 15ms Radio ToD =1 sec + (15ms + 1.001)
1.000 sec in Radio timescale 8. radio message presented when:
) ) 6. presentation_time = 1.001 sec in Ethernet timescale
5. radio message #2 arrives at =12 + desired_RoE_dly Ethernet ToD = presentaton_time
radio ToD = 1 sec + 10ms. =1 sec + (10ms x 1.001) + 15ms =t2 + desired_RoE_dly

7. ROE packet #2 is received = 1 sec + (10ms x 1.001) + 15ms
It is timestamped with
Ethernet ToD = t2

=1 sec + (10ms x 1.001)

\ RoE Sender

seqnum =2

Time stamp measurement planes e.g. using PTP Radio ToD =
=1sec + 10ms + (15ms + 1.001)

RoE Receiver

Baseband Radio M| P P M Radio o
Sid Interface Rot Ethernet Rot Interface Radio Side
lae B Packet P A | H —3» H | A Packet
buffer cly Network YlcC buffer

!
\Ltrol‘<—> timer
A

Frequency < Maximum e 2e transport time including de-jitter buffering——
comparator

E. Control message is
received before RoE packet control
#2 is received

G. RoE packet with seqnum = 2
arrives and is presented at
predicted_presentation_time =

‘ o

F. H/'W remembers

D. Send control message with
segnum = 2 and

A. Frequency comparator: predicted_presentation_time = prded|ct§d?pr;se£tatlols_tlmeh 1 sec + (10ms x 1.001) + 15ms
{1 + (10ms x 1.001) + 15ms and waits for ROE packet wit
- : segnum = 2 to arrive
radio: Ethernet oz =
=1.000: 1.001 3 s |3
C. Use predicted 2 to calculate H. Based on previous presentation times and seqnums
. presentation_time for message #2. : LTS fonti . SOUS,
B. Based on timestamp t1, the measured RoE receiver calculates its own ratio of:

frequency ratio of 1.001, and knowing each

seqnum = 10ms in the radio timescale, = predicted_t2 + 15ms radio timescale : Ethernet timescale = 1.000 : 1.001*
predict the value of t2 for the upcoming =1+ (10ms x_l.OOl) - 5T _ o - ;
message #2 with seqnum 2. =1sec+ (10ms x 1.001) + 15ms This ratio is then used to guess:qt::rﬁsresentatlon time for upcoming

Predicted_presentation_time

Predicted_t2 = t1+ (10ms x 1.001)

For segnum = 3, predicted_presentation time = presentation time for last
segnum + 10ms x 1.001.

*note: calculating this ratio accurately is very difficult and the error will
propagate until the next control message is received.
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Benefits: Control Path Option

INo additional pkt_type is used
JBandwidth usage should be less

1Is there a less complicated way to do this
with control packets?
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Issues: Control Path Option

1 More control packet bandwidth is required

1 Control S/W must be tightly integrated with the
data path

] Prediction of future events or processing of past
events is required
- Floating point math is necessary to maintain accuracy

— Accurate prediction is difficult and the error grows
linearly with:
e the time between control packets
e the time between the prediction and the actual event

— Delay from post-processing of timing events may
degrade timing performance

— IEEE 1914.1 mechanisms will not produce continuous
radio data, thus prediction of future events and
processing of past events are not possible
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Issues: Control Path Option

) Low latency and low delay variance is required
for control packets

— Control packets must get to the destination and be
processed before the corresponding data message
arrives

e Network latency must be small
e Processing delay must be small

OR

— If post-processing is done, control packets must at least
arrive reqgularly so the clock regeneration PLL can get
regular updates
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Conclusions and Proposals

J1Conclusion:

— Data Path option has better performance, a
simpler implementation, and fewer system
restrictions

— Control Path model is already complicated with
many caveats. This will lead to a difficult
implementation.

JProposals:

— Use the data path instead of the control path
for these timing operations

- Define a pkt_type with both timestamp and
segnum
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