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OUTLING

> Common Public Radio Interface (CPRI) traffic
vs background (BG) traffic
— |EEE 802.1Qbu - Frame Preemption (with IEEE 802.3br IET)
— IEEE 802.1Qbv - Enhancements for Scheduled Traffic
—802.1Qbu and 802.1Qbv with guard band

> Concurring CPRI flows
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cVALUATED US

CAS

> Tree topology comprised of 10 Gbps links

> Switching delay: 1500 ns £ 5 ns variation

> CPRI traffic .
uplink

— Rate: 1.228 GbpS Radio Equipment (RE) 2 Radio Equipment Controller (REC)
— Payload: 300 bytes
— Period: 1954 ns

> Background traffic
- CBR
Payload: 1500 bytes
Period: 9770 ns
-VBR
Payload: rnd 1000-1500 bytes
Period: 5000 ns £ 500 ns
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CPRI VS BACKGROUND
TRAFFIC

\\

> The effects of background traffic on CPRI are investigated
first

> There is no race condition between CPRI flows in these
CaSes
— The simulation set-up is designed to avoid CPRI race conditions

— Frames of CPRI flows always arrive at the switches in the same
order and they are always served by the switches in the same order

> Packet Delay Variation (PDV) is determined as the
difference between the largest and the smallest delay that
frames of a given flow suffer
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rRAME PRecMPTION
cVENT POSSIBILITIES

> 64-byte fragment size is used in all cases (10 Gbps link)
1. Preemption req. in the middle 2. Preemption req. at the beginning

\\

— Preemption Delay = 13.6ns — transmission of BG frame just started
- FCS + IFG + remaining bits of current octet — Preemption Delay = 67.2ns

Preemption request Preemption request
. i

]
1 1
I 1
: header :
1 1

FCS pre MCRC ore FCS IFG| header
BG F _BG 41/ :> BG |
;Z:\;?ri]f;i:tg IFG ! original BIG frame | frame flow direction ;farg:r;;ntg IF “eoe
of BG frame of BG frame first fragment of BG frame
3. Preemption req. too late 4. Preemption is not possible if
- Max De|ay = 60.8ns frame < 124 bytes
Preemptio.n request -_— Max Delay = 1144ns
Fe-1¢ - : fh? eprre Fcs__ IFG hjjeprre
PR ) BG
<048 | ' BG frame <1248 |

BG frame
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FRAME PR

RESULTS

no variation in switching delay

1 ,cycle’ = 1954ns

600ns
AL, Bl:. i . N
260.8ps 260.8ns ;
5 n
AD: .‘ 1200ns
260.8ns
Preemption off Preemption on
ooo0os0y i - ; -'. . [F0.000030
’ . ¥ o . >
’ ’ 'l L] - ll'l" LU B NN - LB
e [ ] l'l L] ' llllll.lll ....._nm
o R R L T e v 0000020
omm. lllllllllllllllllllllllllllllllllllllllllllllll .omjs
0.00001 0.00001

0195350 019530 019570 0195360 0.195390 0,19

0196410 0.195420 0.195430 0.195440 0.195450

MPTION

R RE-B2
1 ,cycle’ = 1954ns
260.8ns 260.8ns
Al, B1:
300ns
600ns

260.8Mns
A2: IIII

0.000030

0000025

Preemption off

-0.000030

-0.000020

+0.000015

0.00001

0195410 0.195420 0.195430 0.195440 0.195450

Min delay [ns] | Max delay [ns] Min delay [ns] | Max delay [ns]

A2
Al
Bl

13832.4
19693.2
26154.0
26754.0

13832.4
19760.4
26227.5
26827.5

67.2
73.5
73.5

A2
Al
Bl

13532.4
19693.2
25854.0
26154.0

13532.4
19760.4
25953.5
26265.1

67.2
99.5

111.1




Gate on 900-byte background at SWa3:

Al:

B1:

BG:

Chart: e

0195350 0.195360 0.195370 0195330 0.195390 0195400 0195410 0195420 0.195430  0.195440
I I I ! I h I I I

SCHeDULED TRAF

Traffic source synchronization inaccuracy: = 10 ns

1,cycle’ =1954ns

260.8“5 311“5
Gate open: 1332ns .
260.8ns
740.8ns
Gate closed:
622ns

ndToEndDelay:vector
endToEndDelay wector

-®EBG WAl -wAZ ®Bl B2

0.195450

0.000035

0.0000304

(0.0000251

(0.0000204

0.000015-4

0.00001:

0.000035

F0.000030

(0000025

0000020

F0.000015

0.00001

0.19

FI50 0195360 0195370 0195300 0195390 0195400 0195410 0135420 0195430 0135440 0,19
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ENHANCEMENTS F

Gate on 900-byte background at SW2:

1 ,cycle’ = 1954ns

Al, B1:

<

260.8ns  260.8ns

311ns

B

622ns|

SW2

Gate open: 1332ns

s

740.8ns

Gate closed:
932ns

Min delay [ns] | Max delay [ns] | PDV [ns]

A2
Al
Bl

12812
19680
25840
26150

12842 29.9
19719 39.5
25888 47.9
26198 47.9



rRAME PREEMPTION AND
ENHANCEMENTS FOR S I—h:DUL::D
TRAFFIC WITH GUARD BAI\ID

P 1 ,cycle’ = 1954ns

Al, B1: 1

A2: .
Express :-Closed
Gate:

RELEASE

SW2

BG:

50 ns guard band

Min delay [ns] | Max delay [ns]

> No variation in switching delay 138324 138324

A2 19702.4 19719.6 17.2
> VBR baCkground Al 26164.4 26181.6 17.2
> 50ns guard band: max PDV = 17.2ns Bl 26764.4 26781.6 17.2

> 70ns guard band: PDV =0 (no PDV due to BG traffic)
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rRAMe PREeMPTION AI\ID
ENHANCEMENTS FOR S I—IcDLchD
TRAFFIC WITH GUARD BAND

1 ,cycle’ = 1954ns

/

A1, B1: 260.8ns

00
600ns

A2: .

Express Closed
Gate:

SW2

RELEAS
BG: transmit

Rel:iR::LCH 50 ns guard band

Min delay [ns] | Max delay [ns]

> No variation in switching delay 135324 LEERo

A2 19702.4 19719.6 17.2
> VBR background Al 25863.2 25880.4 17.2
> 50ns guard band: max PDV = 17.2ns Bl 26154.0 25154.0 0

> 70ns guard band: PDV =0 (no PDV due to BG traffic)
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CONCURRE
!‘RAI\/\EJ

=NT

Effect of frame A on frame B depending on
the relative arrival of frame B to frame A

EXPRESS

\\

. frame B is : frame Bis 1 frame order |
1 sent second | sent second i may change,
i (flowBis i (flow Binherits 1 (argest |
! influenced by- PDV of flow A) impact |
:PDV of flow A)I 1 on frame-B)i
frame B is sent second E E E E frame B is sent first
(no impact on frame B) ! ! ! ' (noimpact on frame B)
observed | | frameB | |
: : : tB arrlve: ] )
|::> frame flow direction
reference frame A
tA-arrive
PDV, PDV,
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CPRI FLOWS MAY RACE

AT eACH HOP

> Racing shuffles order
> This causes PDV

Traffic source synchronization inaccuracy: = 10 ns

(X)

RE-A1

\

endToEndDelay:vector [
0.10042 0.10044 0.10046 0.10048 0.10050 0.10052 0.10054 0.10056 0.10058 0.10060 0.10062 0.10064 0.10066 0.10068 0.10070 0.10072 0.10074
) ) ) ) ) f ) ) f ) ) f ) ) 1 | |
s & A A4 A Ak Aas A ks A A 4 Abia & g8 Ba  hask Ak s Akk A Akkighkk & Ak & Ak Akg & A Aaa sk o4 a4 Lege"q:
cprid_hops3.recAiapp
a A s P P ks N " TP e " " g AL ke & -#-cprid_hops3.recAZ.app
0.0000180+ -4 cprid_hops3.recB1.app
44 MMMk A A MMt AR ArA A 4 AMAGAL  Adcdsad Aten edace | AVS As Ak das W e 4 aca tasacaa & aaian s o ossce| g ocnid hops3recB2 app
Press ‘F2°
0.0000170 ~0.000
e eest & e0 00 B0 SENST 00 P Satias SERRIRREE B Satel SNENtE a0 B Big g8 BB 8 4 B a B BaBs B ataas T e 0 SRR st § aasatetE o0 & Baat  aigaatl
0.0000160 -0.000
e o w e & = = - s e L) - - & San #F 8 T ea te S S g 8 S LR N -t e .- el e -
0.0000150 -0.000
0.0000140 ~0.000
0.0000130 -0.000
- - . - m L] - -— L] L] LB = u L] - - - aw LN | L]
[E BN BN DN BN D B — L N | — L] - . HE I

T T T T T T T T T T T T T T T T T
0.10042 0.10044 0.10046 0.10048 0.10050 0.10052 0.10054 0.10056 0.10058 0.10060 0.10062 0.10084 0.10066 010068 0.10070 0.10072 0.10074
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DELAYING AT INGRESS TO £
THe NETWORK -

Traffic source synchronization
iInaccuracy: £ 10 ns

_I_IJ_I_gl 5E B B BB _I_IJ_I_fl 5E BE BE BB
j_l_l_l_sw.g —.—I—I—I—SW-3

Chart: endToEndDelay:vector Chart: endToEndDelay:vector

‘endToEndDelay:vector i ‘endToEndDelay:vector =
0.10210 010215 0.10220 0.10225 0.10230 0.10235 0.10240 0.10245 - [} 1I024 0. 1926 Q. IPZB 0.193} 0. 1932 0. 1934 0. 1I036 0. IIOBB O.II(MD 0. 1I042 0. 1944 Q. 1946 0. 1943 -
0.0000268 - 0.0000268
0000268 0000268
D0D0266 0.0000286
0000266 0000266
0000264 0000264
0000262 0.0000262
0000262 0000262
0000260 0.0000260
0000260 0000260
0.0000258- - 0.0000258
0000258 0000258

Indeterminate order: PDV = 280ns Deterministic order: PDV = 0ns
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SUMMARY

> 802.1Qbu — Frame Preemption (with 802.3br)

— It is essential for being able to cope with large background frames
— Its worst-case PDV can be calculated

> 802.1Qbv — Enhancements for Scheduled Traffic
— It can be used to cope with background traffic

> 802.1Qbu and 802.1Qbv with guard band

—Zero PDV can be achieved

> Concurrent CPRI flows
— Indeterminate order can cause significant PDV

— This effect can be avoided by assuring deterministic order, e.g.,
by intentional delaying
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