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Figure A-46. Device Stall No Smash(FS/LS STALL)
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A.3 Interrupt OUT Transaction Examples
Legend:
(S): Start Split
(C): Complete Split

Summary of cases for Interrupt OUT transaction

* Nommal cases

Case Reference
Figure

Similar Figure

No smash Figure A-47

(FS/LS handshake packet is done by M+1)

HS SSPLIT smash Figure A-48
HS SSPLIT 3 strikes smash No figure

HS OUT(S) smash Figure A-48
HS OUT(8) 3 strikes smash No figure

HS DATAO0/1 smash Figure A-48

HS DATAO/ 3 strikes smash No figure

HS CSPLIT smash Figure A-49

HS CSPLIT 3 strikes smash Figure A-50

HS OUT(C) smash Figure A-49
HS OUT(C) 3 strikes smash Figure A-50
HS ACK(C) smash Figure A-51

HS ACK(C) 3 strikes smash Figure A-52

FS/LS OUT smash Figure A-53
FS/LS OUT 3 strikes smash No figure

FS/LS DATAO/1 smash Figure A-53

FS/LS DATAOD/1 3 strikes smash No figure

FS/LS ACK smash Figure A-54
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FS/LS ACK 3 strikes smash No figure
Searcing
Case Reference Similar Figure
Figure
No smash Figure A-55
CS(Complete-split transaction) earlier cases
Case Reference Similar Figure
Figure
No smash (HS NYETand FS/LS handshake | Figure A-56
packet is done by M+2)
No smash(HS NYET and FS/LS handshake | Figure A-57
packet is done by M+3)
HS NYET smash Figure A-58
HS NYET 3 strikes smash Figure A-59
Abort and Free cases
Case Reference | Similar Figure
Figure
No smash and abort (HS NYETand FS/LS | Figure A-60
transaction is continued at end of M+3)
No smash and free(HS NYETand FS/LS Figure A-61
transaction is not started at end of M+3)
FS/LS transaction error cases
Case Reference Similar Figure
Figure
HS ERR smash Figure A-51
HS ERR 3 strikes smash Figure A-52

Device busy cases
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Case Reference | Similar Figure
Figure
No smash(HS NAK(C)) Figure A-62
HS NAK(C) smash Figure A-51
HS NAK(C) 3 strikes smash Figure A-52
FS/LS NAK smash Figure A-53
FS/LS NAK 3 strikes smash No figure
Device stall cases
Case Reference Similar Figure
Figure
No smash Figure A-63
HS STALL(C) smash Figure A-51
HS STALL(C) 3 strikes smash Figure A-52
FSILS STALL smash Figure A-53
FSI/LS STALL 3 strikes smash No figure
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Figure A-47. Normal No Smash(FS/LS Handshake Packet is Done by M+1)
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Figure A-48. Normal HS DATA0/1 Smash
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(SS: start sp. status

1+ C8: com
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because this endpoint is already
ENDPOINT HALT.

Host Hub FS/LS
(data topsle) (SS: start sp. status device
28 ! ! CS: comp. sp. sta{}ls) I(data toggle)
0| | SS:Freefx i {0
. 1 = 1 I 1
ulFrame M E %} i E !
i s2_ OUT 49 | i i
1 sd1 ] |
i S DATAO sl i i
1 ’ 1 1
H | SS:Pending/x !
wwwwwwwww P e L e R B R e e G S
uFrame M+1 i i ! ouT i
i 1 i \* i
: ! . DATAO !
: : ! N !
I | |
! ! ACK !
| | . / |
i I CS:Ready/ack :
_________ e L L v
uFrame M+42 i --..al__ CSPLIT i
E ct2 our - > E Hub ignores this
! \, ! OUT.( no match
| | the Address field !
1 1 ] 1
| TRANS_ERR | | i
! cel->ceb | !
1 I
| - |
i —___C_”___'__(Eggl:_l_'[(‘rflry imm.) i
| ct2 our > ] !
| \b | Hub ignores this |
i | OUT.( no match |
| | the Address field |
| TRANS_ERR | '
L cel-=ceh !
| |
1 1 I
| ——=_@l __ CSPLIT(retry imm.) | :
[ . AR | i |
i RN T p | Hubignores this |
i %} | OUT.( no match | .
| | the Address field} i
i | | |
1 1 I ]
| TRANS_ERR | |
1 ] I
: cel-=ceS : [
| ENDPOINT HALT ] |
--------- oo e o ——- ——— S
uFrame M+3 | Host does not issue 2nd CSPLIT, | CS:Free/x ]
i because this endpoint is already i E i
I ENDPOINT HALT. | | |
--------- i e e e e e i e e e e e e e i e e e e e e e e e et
ulrame M+4 | Host does not issue 3rd CS 5 1 Free/x | 1
F M4: Host di i 3rd CSPLIT, | 8S:Free/ i :
1 I
| | | |
i i i i

Figure A-50. Normal HS CSPLIT 3 Strikes Smash
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Host Hub FS/LS
(daafoaple) (SS: start sp. status device
e i
EE : 1 CS: comp. sp. STEII:.IS] I(data toggle)
0| | SS:Freefx H ]
3 1 E 1 1 1
uFrame M ! %’ ! E E
el e 5 f
f sdl 1 ! i
i DATAO shl i i |{
1 | 1 I
[ ! SS:Pending/x | )
wwwwwwwww L B T
ukFrame M+1 i i i ouT E
i i i \b I
! ] [ DATAQO |
l | : \. P
I | | ACK |
: TR
| CS:Readyfack | 1
_____________________________________ Lo b s s st s o e
uFrame M+2 i CSPLIT i
ctl :
12 1
2 ouT ct? !
G B 1
i ACK w i CS:0ld/ack ; |:
= a | |
TRANS_ERR i
cel->ceb
i CSPLIT(retry imm.) i I{
e B 5 : :
L o | |
| 1 I
~ - ]
1
uFrame M+3 | Host does not issue 2nd CSPLIT, CS:Free/x
i because host already receives ACK I 1
| on previous microframe ] I i
| i i i
_________ L_____--_---_________--_____I______--__-__ |
uFrame M+4 | Host does not issue 3rd CSPLIT, SS:Free/x
| because host already receives ACK

on previous microframe,

Figure A-51. Normal HS ACK(C) Smash
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Figure A-52. Normal HS ACK(C) 3 Strikes Smash
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Figure A-55. Searching No Smash

500

PA_0001710

Huawei v. FISI Exhibit No. 1007 - 528/650



Universal Serial Bus Specification Revision 2.0

Host

(data toggle)

1
1]
uFrame M

w
v
w
=
=
=

w

-} ) w
I 1\; j//
i =
I
e m e e e e e e e e e e e e e e e e e e R e e i il i e

B e T L e =

uFrame M+1

ulrame M+2 ! ctl CSPLIT i
l*——aﬁ__—-h—___ﬁ_ﬁ‘___ﬁ“-
i e ouT e
1
i NYET chs
1
|
1
......... s A S A
uFrame M+3 i cil CSPLIT
1 etl
| 2
: W’
1
1
i i3 ACK ch2
1y
1
_________ s e
uFrame M+4 E Host does not issue 3rd CSPLIT,
! because host already receives ACK
| on previous microframe.
1
1
1
I
1
i
1
--------- b o
1
1
1

uFrame M+5

Hub

(SS: start sp. status
CS: comp. sp. sta{}ls)

SS:Free/x

SS:Pending/x

CS:Ready/ack

CS:0ld/ack

SS:Free/x
CS:Free/x

I

I
I
I
I
I
I
|

FS/LS

device
(data toggle)
0

Figure A-56. CS Earlier No Smash(HS NYET and FS/LS Handshake Packet is Done by M+2)
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Figure A-57. CS Earlier No Smash(HS NYET and FS/LS Handshake Packet is Done by M+3)
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Host Hub FS/LS
. 1 (SS: start sp. status device
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Figure A-62. Device Busy No Smash(FS/LS NAK)
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Host Hub FS/LS
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I

1

I

i

I

i

]

|

i

i

I
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e

uFrame M+1 ouT !

_‘-_-_ﬁﬁ-_i‘**‘-——__ﬁ‘.l

DATAQO !

:

3 . 11

PR S

1

C8:Ready/stall A
____________________________________________________________________________ R

ukFrame M+2 E

ol CSPLIT § !

T r

. ‘ e | :

| o STALL ; |

I 1 1

I 1 Il

ENDPOINT HALT |
____________________________________________________________________________ -

uFrame M+3 | Host does not issue 2nd CSPLIT, | CS:Free/x !

| because this endpoint is already H i
___________ ENDPOINTHALT. 4 b

uFrame M+4 ! Host does not issue 3rd CSPLIT, S8:Freefx :'

because this endpoint is already ! H !

ENDPOINT HALT. : ! !

Figure A-63. Device Stall No Smash(FS/LS STALL)
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A.4 Interrupt IN Transaction Examples
Legend:

(S): Start Split
(C): Complete Split

Summary of cases for Interrupt OUT transaction

e Normal cases

Case Reference | Similar Figure

Figure

No smash Figure A-64

(FS/LS data packet is on M+1)

HS SSPLIT smash Figure A-65

HS SSPLIT 3 strikes smash No figure

HS IN(S) smash Figure A-65

HS IN(S) 3 strikes smash No figure

HS CSPLIT smash Figure A-66

HS CSPLIT 3 strikes smash Figure A-67

HS IN(C) smash Figure A-66

HS IN(C) 3 strikes smash Figure A-67

HS DATAD/1 smash Figure A-68

HS DATAD/1 3 strikes smash Figure A-69

FSILS IN smash Figure A-70

FSILS IN 3 strikes smash No figure

FS/LS DATAQ/1 smash Figure A-71

FS/LS DATAQ/ 3 strikes smash No figure

FS/ILS ACK smash Figure A-72

FS/LS ACK 3 strikes smash No figure
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e Searcing

Case Reference | Similar Figure
Figure

No smash Figure A-73

¢ CS(Complete-split transaction) earlier cases

Case Reference Similar Figure

Figure

No smash (HS MDATA and FS/LS Figure A-74

transaction is on M+1 and M+2)

No smash (HS NYET and FS/LS Figure A-75

transaction is on M+2)

No smash (HS NYET and MDATA and Figure A-76

FS/LS transaction is on M+2 and M+3)

No smash (HS NYET and FS/LS Figure A-77

transaction is on M+3)

HS NYET smash Figure A-78

HS NYET 3 strikes smash Figure A-79

o Aborl and Free cases

Case Reference | Similar Figure
Figure

No smash and abort (HS NYETand FS/LS | Figure A-80
transaction is continued at end of M+3)

No smash and free(HS NYETand FS/LS Figure A-81
transaction is not started at end of M+3)

e FS/LS transaction error cases

Case Reference | Similar Figure
Figure
HS ERR smash Figure A-68
HS ERR 3 strikes smash Figure A-69
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e Device busy cases

Case Reference | Similar Figure
Figure
No smash(HS NAK(C)) Figure A-82
HS NAK(C) smash Figure A-68
HS NAK(C) 3 strikes smash Figure A-69
FS/LS NAK smash Figure A-71
FS/LS NAK 3 strikes smash No figure
e Device stall cases
Case Reference | Similar Figure
Figure
No smash Figure A-83
HS STALL(C) smash Figure A-68
HS STALL(C) 3 strikes smash Figure A-69
FS/LS STALL smash Figure A-71
FS/LS STALL 3 strikes smash No figure
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Host Hub FS/LS
P —— (515‘,‘ start sp. status device
I 1 CS: comp. sp. status) I(data toggle)
I | 1 ]
0 | SSiFreefx | i 0
iy 1 = I 1 1
I &2 N I | I
I N) 1 i E
SS:Pending/x | |
__________________________________________________ N i e
uFrame M+1 ! !
) ]
| | | IN |
I 1 | \* i
I I 1 I
I | 1 ]
} I i & :
1 1
[} ]
L\E:;:l'{ezld)«u"laj:h:l.zila*b E
1 ]
i i1
e jrEs e e R S T it T e e o S
ormeMi? | &l CSRLT o | |
2 W o | |
[} ]
i DATA0 __cC i CS:0ld/lastdata; i
P U : : :
1 i i i
I | 1 1
__________________________________________________ i e T A s
uFrame M+3 | Host does not issue 2nd CSPLIT, CS:Free/x i i
because host already receives i E
DATAQ on previous microframe. ! !
| 1
I ] 1 1
I I 1 ]
I | 1 ]
I ] 1 ]
| I 1 ]
I | | 1
_________ T e
uFrame M+4 ‘[ Host does not issue 3rd CSPLIT, i SS:Free/x i E
! because host already receives : ! !
! DATAD on previous microframe. | ! !
i | | i
] | 1 )
I | 1 ]
] | 1 ]
I | 1 1
I | 1 ]

I ] 1 )
""""" 1 T
I | 1 ]

I | 1 i

Figure A-64. Normal No Smash(FS/LS Data Packet is on M+1)
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Host Hub FS/LS
(data toggle) lS§ start sp,v status device
‘ : CS: comp. sp. STEll:.IS] I(data toggle)
0| | SS:Freefx H Lo
4 1 by 1 1 1
uFrame M ! %’ ! E E
I 5t2 I 1 I
i e : |
| | : |
I SS:Pending/x ! '
---------------------------------- e e e R SN R R R e
uFrame M+1 : } )
| 1 |
i i i IN i
I 1 I
I 1 I
I 1 I
’ | ——
] 1 1
| 1 ]
i lC.S:R.ezlcly.*'lasldzila*> |:
i 1 1
_____________________________________ (R | S |
ulrame M+2 -___t'_ll___ CSPLIT
ct2 N >
\. Hub ignores this
H v IN( no match |
! | the Address field) H
| TRANS_ERR ! ! !
cel->cel | ! 1
&l CSPLIT(retry imm.)
e, W
17 | 1
& W w ! !
: : :
ch? DATAO cd i & S:Oidf’]asldatai E
1 | 1 I
i i
__________________________________________________ .:.-_-.._..----.-_..___--___-__--_f-_-_-_-_-
uFrame M+3 | Host does not issue 2nd CSPLIT, CS:Free/x ! !
because host already receives } ]
DATAO on previous microframe, ! !
------- RN T = S i S At o
uFrame M+4 | Host does not issue 3rd CSPLIT, ! SS:Free/s : 4
| because host already receives ! ! !
} DATAD on previous microframe. - 1
--------- s e o
uFrame M+5 | | I

Figure A-66. Normal HS CSPLIT Smash
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Host Hub FS/LS
(data toggle) (SS: start sp. status device
1 CS: comp. sp. STEII:.IS] I(data toggle)
0 SS:Free/x Po

uFrame M
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P S ——
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e i i i e e
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e e e T T
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TRANS_ERR
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1

h? DATAO cd
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uFrame M+3 | Host does not issue 2nd CSPLIT,
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uFrame M+4 | Host does not issue 3rd CSPLIT,
because host already receives
DATAD on previous microframe.
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S D Y . Y S SO - SR SRR . | S—

s

Figure A-68. Normal HS DATA0/1 Smash
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Figure A-69. Normal HS DATAO/1 3 Strikes Smash
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Figure A-70. Normal FS/LS IN Smash
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Host Hub FS/LS
(SS: start sp. status device
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————————— ¢ R M I
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Figure A-71. Normal FS/LS DATAO0/1 Smash
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1 CS: comp. sp. statlus) \(data toggle)
SS:Free/x 1o

sl SSPLIT

¢l CSPLIT

N’
ct2 N

ct2

Host does not issue 2nd CSPLIT,
because host already receives
DATAO on previous microframe.

Host does not issue 3rd CSPLIT,
because host already receives
DATAO on previous microframe.

N R S i S P A PR TS B R S

sl SSPLIT

@l CSPLIT

N’
ct2 N

ct2

h7 DATAQ cd

Figure A-72. Normal FS/LS ACK Smash

CS:0ld/lastdata
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Host Hub FS/LS
(data topsle) (SS: start sp. status device
58 ! ! CS: comp. sp. sta{}l.s) I(data toggle)
04 | SSiFreefx i i 0
1 1 I 1
uFrame M ! stl SSPLIT a1 ! ! :
| \b | | |
—m N, | a
i i ; i |
! ! SS:Pending/x ! |
--------- T b R DR B ) b S aaaail R e e e R B B R GRS
uFrame M+1 | ! J !
1 ] I |
i i ' IN |
1 ) I |
1 1 I I
| | | I
H | ' DATAQ /
| |  —
: i CS:Ready/last ’.%’ i
i i i
i i i1
--------- e R S R s T
uFrame M+2 i ctl CSPLIT @i i
i \b 1
— N,
1 {Does not match thid
i {CSPLIT on first | |
i :cmry of CS.Then | i
| TRANS_ERR {HUB doesnot | |
cel->cell iresprmd any packeti
. 1
&t CSPLIT(retry imm.) |
etl :
[}
| =, IN ct2 i |
a7 DATAD g | CS:Old/lastdata i
P |
- | :
e e S e | e e e e s
aframe M+3 | Host does not issue 2nd CSPLIT, I CS:Free/x
| because host already receives !
| DATAO on previous microframe. | X !
---------- T T P
uFrame M+4 | Host does not issue 3rd CSPLIT, | SS:Free/x ! !
because host already receives d !
DATAQD on previous microframe. |
.................................... s e W e e e
[}
ulbyame M+5 !
Figure A-73. Searching No Smash
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Host Hub FS/LS
(data toggle) lSS start sp,v status device
: : CS: comp. sp. STEII:.IS] I(data toggle)
01 | SS:Free/x H i 0
i 1 ks 1 1 1
el N | |
|2 N o : :
e ] 1 ]
x} : | i
I SS:Pending/x ! '
------------------------------------ T R T e ey S
uFrame M+1 - ! 1
| H |
| ] 1 1
| I 1 I
I I 1 I
I I 1 I
I I 1 I
] ] 1 1
i H i
: | Ly |
| i \. |
i CS1:Ready/morpdata DATAO [
__________________________________________________ *-"'““w-.#“__-__."_,"_"
uFrame M+2 ctl CSPLIT i |
ot 5
N_. CS2:Ready/lastdata ACK i
o2 ]\J o2 1 Ir
ct2 i 1 1
1 I
[ MDATA __cd2 i CS1:0ld/moredata i
1 chs l 1 i
| *’d_ | : :
I I 1 I
| I 1 I
g e e PRI A S (7T S
uFrame M+3 ol CSPLIT ‘ CS1:Free/x ! '
@ N | g
1 1
| DATAO cd | CS2:0ld/astdath i
L | | |
! i i i
I 1 1
———————————————————————————————————— AJ-—-—--——-———-————-A—-&—---——-A——-A-—--—-——-—-—-—-——-———-A-—a-—:m—-——u————--
uFrame M+4 1 Host does not issue 3rd CSPLIT, i SS:Free/x i !
because host already receives ! CS2:Free/x : 1
DATAO on previous microframe. . ! !
i i i i
I 1 1 ]
1 I 1 I
| I 1 I
I I 1 I
I 1 I
I 1 ]
""""""""""""""""""" 5
uFrame M+5 : ! !

Figure A-74. CS Earlier No Smash(HS MDATA and FS/LS Data Packet is on M+1 and M+2)
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Host

(data toggle)

1
0

uFrame M stl SSPLIT sl

%

st2

g F
i 3 l
P E
A R N e e e e e e B e S R O R B o S e e e R BT

uFrame M+1

ulrame M+2 ctl CSPLIT i

@l CSPLIT

m

ct2

|
i
1
i
i
i
1
1
1
1
:
1
L
i
i
i
i
i
i
E
i T DATAD cd

L
1
L
i
:
1
1
1
1
i
1
1
i
1
:
i
1
i
i

Host does not issue 3rd CSPLIT,
because host already receives
DATAD on previous microframe.

Hub

(SS: start sp. status

CS: comp. sp. sta{}ls)

SS:Free/x

SS:Pending/x

: M |
CS:Rcady.-’!asld#m*b |
| I
I I

SS:Free/x
CS:Free/x

!
!
I |

I
I
I
I
I
I
|

Figure A-75. CS Earlier No Smash(HS NYET and FS/LS Data Packet is on M+2)

FS/LS

device
(data toggle)
0

1 EE——
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Host Hub FS/LS
At le (SS: start sp. status device
(datatogg t}| 1 CS: comp. sp. STEII:.IS] (data toggle)

0 5S:Free/x [

uFrame M stl SSPLIT 5t

N}

SS:Pending/x

R 2 I R e e e ol [ S Rt e P Ty

uFrame M+1
|
|
|
|
|
]
uFrame M+2 ctl CSPLIT i
‘7\*
L IN o2

e e e iy s e et e e i i e e ek

CSl: llcadya’mnw
e b3 @l cSPLIT CSl:Rcady:"laslu‘%b

1
1
1
+

uFrame M+4

S8:Free/:
@l CSPLIT o

]

|

I

|

|

3

|

i
\}I CS1:Free/x

2 IN i

\’ i

I

|

I

-

I

I

I

1
1
1
1
i
|
1
1
1
1
CSE:OIdf]asidalfq

uFrame M+5

o e i e A e e e e e e e e o e

1

1

1

------------- ?_-_--.—_--------_--_______-
CS82:Free/x !

Figure A-76. CS Earlier No Smash(HS NYET and MDATA and FS/LS Data Packet is on M+2 and M+3)
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Host Hub FS/LS

(SS: start sp. status device
1+ CS: comp. sp. stah}ls) |(data toggle)
5S:Freefx |

(data toggle)

1]

uFrame M stl SSPLIT sl

%

st2

i 3
X l
o
e e e i e e e e S e g O L D G O S e e e e S T

St

I
I
I
I
I
I
|

SS:Pending/x

uFrame M+1

ulrame M+2 ctl CSPLIT i
%

@l CSPLIT

m

ct2

CS:Readya’iasld:it(»
I

SS:Free/x

CS:0ld/lastdata

Figure A-77. CS Earlier No Smash(HS NYET and FS/LS Data Packet is on M+3)
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Host Hub FS/LS
At le (SS: start sp. status device
(datatogg t}: 1 CS: comp. sp. STEII:.IS] (data toggle)

01 S$S:Free/x Lo
uFrame M i stl SSPLIT 5t
I
i
i

N}

SS:Pending/x

uFrame M+2 i ctl CSPLIT ctl
|
]

%
— N L

ct2

DATAQO

B
2
g
]
=
¥
e i . s i e G i S B 0 A .
AV NI VT —

CS:Ready/ lmald:{lu*.

cel->ce8

A

= CSPLIT(retry imm.)

_—ﬁ_h_ﬁ--h¥_‘_“*ﬁii__’,
ct? N

o2

uFramg M+3

e —

@l CSPLIT

ct2

a7  DATAO C CS:0ld/lastdata
1

uFrame M+4 | Host does not issue 3rd CSPLIT, SS:Free/x
i because host already receives CS:Free/x
| DATAO on previous microframe.
i
|

uFrame M+5

A — ———

Figure A-78. CS Earlier HS NYET Smash
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IN.CSPLIT earlier.HS NYET 3 strikes smash

Host Hub FS/LS
d 1 (SS: start sp. status device
(data toggle) 1 CS: comp. sp. status) \(data toggle)
¢ SSiFreelx | P g
uFrame M st SSPLIT uy '

st2

SS:Pending/x

uFrame M+1
____________________________________________________________________________ e
uFrame M+2 %’ IN i
e W 2 T i
\; DATAD |
NYET ek ___ i
PIIESEEE
TRANS_ERR
cel->cel

CSPLIT(retry imm.)

e e o

ctl |
e |
]
]
NYET chd __
PR G
TRANS _ERR
cel->ce8

CSPLIT(retry imm.)

e e e e e e e e e e e e i o o i ot e o ik o e e e e et M et v o i

ctl
e e o
1
2
‘w’
NYET chd___
IS
1 I I
| TRANS_ERR ) !
; cel->ce7 ! !
| ENDPOINT HALT : !
_________ e | e
uFrame M+3 | Host does not issue 2nd CSPLIT, :
| because this endpoint is already !
| ENDPOINT HALT. .
————————— e L I
uFrame M+4 | Host does not issue 3rd CSPLIT, SS:Free/x : :
| becanse this endpoint is already CS:Free/x ' |
| ENDPOINT HALT. !
_________ :r________-______-__________ _____________.._____________-_____________i_________

uFrame M+5 ! | !

Figure A-79. CS Earlier HS NYET 3 Strikes Smash
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Host Hub FS/LS
e ; (SS: start sp. status device
(data toggle) ¢ CS: comp. sp. status) Y(data toggle)
0 SS:Free/x 10
uFrame M stl SSPLIT st

m

st2

SS:Pending/x

uFrame M+10 ctl CSPLIT &

m
T2,

ct2

CS:0ld/astdata

ch7 DATAQ cd

Figure A-80. Abort and Free Abort(HS NYET and FS/LS Transaction is Continued at End of M+3)

1

1
I 1
I 1 |
| 1 |
I 1 I
I 1 I
[} 1 I
| 1 |
1 1 1
| 1 |
I 1 I
I 1 I
I 1 I
| 1 |
| ] |
--------- e B B R S R s B s s S
uFrame M+1 | H i !
---------
uFrame M+2 i % i i i
1 I 1
B N @ | ]
i | | i
i e NYET ch4 i i i
| ] | 1
| 1 | 1
I 1 1 1
“““““ S
uFrame M+3 i el CSPLIT i ! i
i N‘> I | I
| 1 1 1
: M’ | l |
: ! | !
! W i ! L !
} 1 I 1
! | i DATAQ s |
__________________________________________________ ___-_r-_‘ ERLE AL LA s e
uFrame M+4 | < | SS:Free’x | ‘ . i
! ctl CSPLIT ! ! o I
{ ‘Nﬁ» | i Hub removes this data packetona |
| 2 N ' | buffer and hub does not send ACK. |
i ot2 i I i
| | | |
1
| w | | |
[} 1 I 1
_________ Loo_eelmee6 & A
i | | |
--------- e e ity i
uFrameM+8 | SSPLIT(retry) : | :
| T i | i
| 5 1 | 1
N e i a
! | SS:Pending/x | !
————————— e Bt Sttt s L e
uFrame M+9 | i i i
| I | N |
| ! T
| 1 | 1
i i | DATAQ ——
| a ol a
: ! CS:Ready/lalstdz}t’d*> !
I 1 I 1
i | i i1
————————— D e e et e
) 1
1 1
1 1
1 1
1 f
] 1
1 1
) 1
1 1
1 1
1 1
] |
1 1
H )
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Hub

(SS: start sp. status

Host
(data toggle)

FS/LS
device

(data toggle)

tati

CS: comp. sp. s
SS:Free/x

stl
st2

SSPLIT

stl
st2

uFrame M

uFrame M+1

it e s . S

=z 9
Q] O] ©
=

& 5
@

Ol &
—| « ©
3 8] 8
o

s

P

g

-

29

=

————————e b e e

g wr g
ol 9 9
£ =
—
i =
ol gl =
=zl @ 2
Q1 9 &
o
+
=
£
=
=l
E]

S i st st e e et et i ettt R et e B e e ettt et i e e e e

|
1
1
1
1
(
|
1
|
||||||||||||||| 4
1
S 1
v i
g |
3 1
& 1
1
g !
° |
g |
1
g i
B |
tn {
g (
; |
@ 1
) 1
L [l
H 1
o |
= (
=i |
|
||||||||||||||| 4
i
1
(
K |
5] 1
o (
= i
] |
2 {
|
|
||||||||||||||| .
1
|
1
(
= o &

Bl B ©l 1
1
1
1
1
= B
= ol
W {
1
Of & i
b5
A

- e~
5] 5 2l 9
1
1
(
1
||||||||||||||| a
|
= 1
o |
= |
g i
E i
g {
23 1

=]

stl
st2

SSPLIT(retry)

stl

uFrame M+8

B e T et

uFrame M+9

DATAQ

ACK

CS:Ready/ Iasldql

———————— e e e e

&
2
}7]
=
=
S
wn
O
=] 9 <
ol of ol

= =

=

= i

(=¥

7] <

Ol &l a8
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=

@
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=

e
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Figure A-81. Abort and Free Free(HS NYET and FS/LS Transaction is not Started at End of M+3)
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Host Hub FS/LS
e (SS: start sp. status device
ata toggle) ¢ CS: comp. sp. status) Y(data toggle)
0 SS:Free/x 10
uFrame M i SSPLIT
stl
2 IN 512

|
1
I
|
|
|
|
SS:Pending/x |
i
i

R S P R  e)

uFrame M+10 ctl CSPLIT ol

cf2
CS:0ld/lastdata

h7 DATAQ cdl

Figure A-82. Device Busy No Smash(FS/LS NAK)

1
I 1
I 1
| 1
I 1
I 1
[} 1
| 1
1 1
| 1
I 1
I 1
I ]
| ]
| 1
1 1
I 1
_________ | S S S | S
uFrame M+1 | | i IN
i ! i NAK
| | PR
: ! CS:Ready/nak i
--------- . —
uFrame M+2 | ____¢tl  CSPLIT : | i
| ! :
ct2
i IN ct2 i i |
i | | |
i NAK chl ! CS:Old/mak | !
| chl | | |
I 1 I 1
I 1 | 1
I 1 | 1
[} 1 | 1
--------- e e ey
uFrame M+3 | Host does not issue 2nd CSPLIT, |  CS:Free/x ! .
| because host already reccives i : }
| NAK on previous microframe. | ; 1
--------- St uimiissene iU MNNIUNNNS SENENNIUNSINSISUNION —
uFrame M+4 | Host does not issue 3rd CSPLIT, | SS:Free/x ! !
| because host already receives | ! !

i NAK on previous microframe. | ! |
--------- T
I 1 i 1
_________ N R B N R e B I R R S R RS ORRCSaeaie.

uFrame M+8 | | | i
| SSPLIT(retry) 1 | 1
[ stl 1 1 |
[ stl ! 1 1
| & ! ! !
—= I 2 ! : ]
i i SS: Pending/x | |
--------- T T A
uFrame M+9 | . i IN :
i | I |
| | | DATAQ e |
i i i ‘—' i
i 1 CS:Ready/lastdzita*> ]
| 1 1
i | i1
_________ UV JEUUEU Uy SOOIV MU
1
|
1
)
1
]
1
1
1
1
1
1
)
1
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Host

(data toggle)

i
ulFrame M

uFrame M+1

uFrame M+2

uFrame M+4

Universal Serial Bus Specification Revision 2.0

sl SSPLIT

i i e

"‘f"-”’w
i

| ENDPOINT HALT

|

Host does nol issue 2nd CSPLIT,
because this endpoint is already
ENDPOINT HALT.

Host does not issue 3rd CSPLIT,
because this endpoint is already
ENDPOINT HALT.

S s i e e e e e e e e e e e e e r  C a a i a w

Hub

(SS: start sp. status

CS: comp. sp. Star;_l.s‘j !

SS:Freefx i

SS:Pending/x

CS:0ld/stall

FS/LS

device
(data toggle)

0

SS:Free/x

Figure A-83. Device Stall No Smash(FS/LS STALL)
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A.5 Isochronous QUT Split-transaction Examples

Case Reference
Figure
Normal: small payload (<=188) 1
Normal: large payload (> 188) 2
HS SSPLIT-all corrupted, HS OUT corrupted 3
HS DATAQ comrupted (small payload) 4
HS SSPLIT-begin corrupted §
HS OUT after the HS SSPLIT-begin is corrupted 6
HS DATAOD corrupted (large payload) 7
HS SSPLIT-mid or OUT or DATAD corrupted 8
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1) Normal. Payload <= 188 bytes:

Full-speed
device

HUB

55: start-split buffer status

Host

o
=
(%]
=
o
2
g
7]
g
[}
3
7
r
r.n..m
= Y.
£
=
&
; a0
=1 5
o =
2 § £
E £ £
g = =
- o n
wiown vl
R i il
=
v
m
B o
9 <
o =
%) -t
n a
o) 8l =
wm vy w
=
p=
ot =4
» &
& =
= 5

e e e e e e e e e o e o o s o o o e e = o e et e e o e e e et

ouT

uFrame M + |

|
I
I
|
|
!
'
|
|
|
|
I
|
|
|
|
!
|
!
|
+
|
|
I
|
|
|
|
|
1
I
|
|
1
|
T
I
|
I
I
|
!
|
|
|
1
I
|
|
1
|
|
|
1
!
|
1
|
|
|
|
|
|
I
|
|
<+
|
!
|
|
|
1

uFrame M + 2

SR S5y S S SIS U [P SR S S SRR Sy

uFrame M + 8

uFrame M+ 8 +1

. T e . | e e e e
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2) Normal. Payload > 188 Bytes

Full-speed
HUB device

Host SS: start-split buffer status (toggle)
(toggle) i S: complete-split buffer status: not needed ;
I 1 | 1

0 i stz SSPLIT-begin 1SS: Free | o
L T ! :
] St5 1 1 1
uFrame M | \.QJ_LT\’: | |
| 1 1 1
| | ¥ }
| sdl DATAO | | !
! shi o | ' !
| .agate SS[0] entry fwith |
i E stals= Pending | E
___________________________________________ . TIPSR | SRR SRS S SR RPN IR SR
:f TR f
| st3 ¢ “mi I M 1 |
uFrame M+ 1 %: | OUT\:
| 1 1 1
! st | i )
| ] ] }
I 1 1 1
! \QLLT\b: : :
dl
i = DATAO shl iCreate SS[1] with i i
! | Status = Pending ! !
| | | |
______ L eem . ssorFee~~l N
! st3  SSPLIT-mid : . :
| | | |
! st ! : |
I 1 |l 1
I 1 ] 1
! %: : :
| sdl DATAO 1 | |
uFrameM+2 | shl | Create SS|2] w?th ! :
! | Status = Pending ! !
i T~ | i
| | - -~ |
"""" e e N . U
: st4  SSPLIT-end | | |
| i | i
| st5 | ' |
Merlled | el e ! !
1 1 i 1
I 1 1 1
| dl ] ] ]
; > DATAOQ shl | Create SS(3) with | :
i | _status = Pending | |
| I — . | |
| |k e
______ ‘"'"""'""'""'"'"'"""'SSIZ):'FFe'e"""""h" O U
| -~ |
! > !
i i
] 1
I 1
| Lo

I 1
I 1
I 1
I 1
| 1
I 1
I 1
1 1
I 1
| ]
I 1
I 1
1 1
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3) HS SSPLIT-all corrupted (missing or CRC error etc.)
HS OUT corrupted

Full-speed
device

(toggle)

HUB

SS: start-split buffer status

Host

o
G-
5]
=
Q
<
=
-
S
g
7]
=
8
]
7
= =
S g
= 3
e e B -
= =
m k=
a, =i
o © 2
oo o Q
- o 8
T g $o 8
%) (=}
e L EEi
B o 2 << &
o ) w
5] [@Nal]
| SR S
£ A
@ i
= 3
—
i
= 2
- =
& <
Vo0 A
(28
7Y
— i k=
H 7] %]
=]
=
T Q
20 i
&) =
— 2

hub E e e e

uFrame M + 1

b 5 0 b i B

DATAOQ packet igno

SS: Free

stl
sel

SSPLIT-all
DATAO

stl

uFrame M + 2

uFrame N + 8
ulrame N+ 8 + 1

535

PA_0001745

Huawei v. FISI Exhibit No. 1007 - 563/650



Universal Serial Bus Specification Revision 2.0

4) HS DATAO corrupted

Full-speed
device

HUB

(toggle)

SS: start-split buffer status

Host

uffer status: not needed

?S: complete-split b

S8: Free
Ignore SS

SSPLIT-all
DATAO

stS
sdl

e o e [ Y & .C‘?C.er:]rli-cg

uFrame M

uFrame M + 1

uFrame M + 2

e e e e e e e e e e e e e e R e

i el e o, e e e e, e e e el e i e s ) s
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5) HS SSPLIT-begin corrupted (missing or CRC error etc.)

Full-speed
HUB device
Host SS: start-split buffer status (toggle)
(toggle) CS: complete-split buffer status: not needed
| i i |
01 st2 - i | SS: Free | 10
: SSPLIT hagin Trans_prr i |
s * E :
uFrame M \Q.LLT\—>| | 1
1 I 1 )
! sdl 1OUT token and | !
: DATAO ' DATAO packet ignofed ]
: N: No SS entry createdl !
i i i |
I | 1 1
_______ e e e s el R Bl B R R Gl [l s el
i | i i
! st3 “mi | | 1
P SSPLIT-mid : : :
|5 i 5 !
: \'Q'U‘T\_’:SSPLIT-mid. OUT, and DATAO 10
i sdl i packet ignored | i
: DATAQ shl :No SS entry createt: :
i i i i
I | 1 )
| | 1 ]
------ e e e e S | S e e e e R e i
| | : :
| st3  SSPLIT-mid ! ! !
I I 1 1
| ms\ﬂ SSPLITmid, OUT, and DATAO |
: \Q-U.T\b: packet ignored 1 | 4
: 1No SS entry createa:l !
! sdl DATAO ! ! |
uFrame M +2 | w: : :
i i i i
I 1 1 1
I I 1 1
________ O D ) ENRE,
| | i i
| st4  SSPLIT-end | i i
T | :
I I 1 )
| sth | 1
uFrame M + 3 ! :SSPLIT—end, OU'I‘} and DATAO !
| dl 1 packet ignored I 0
i s DATAO i No SS entry cmateél i
I wl ! |
I I 1 1
I I 1 1
I | 1 ]
] ] 1 1
I I 1 1
I i I |
"""" e e e e e e e e i
I | 1 ]
I I | |
I I 1 ]
1 1 1 I
] | 1 1
I | 1 ]
I I 1 ]
| | i 10
I l 1 1
] ] 1 1
I 1 1 1
| ] 1 1
l 1 1 1
I l 1 1
1 ] 1 1
I i ] )
I I 1 ]
I I 1 ]
I I 1 ]
1 1 1 1
I I 1
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6) HS OUT after the HS SSPLIT-begin is corrupted

Full-speed
HUB device
: start-split buffer status toggle)
Host Ss plit buff gg
(toggle) ; ¢S: complete-split buffer status: not needed ;
) | I |
0 i stz SSPLIT-begin iss: Free i E 0
i i i i
1 I I 1
uFrame M | el i i
i i i i
L 1 I 1
I | 1 |
| | | |
| i i i
! ! DATAO packet igthored !
_______ %_______________________________1:__NQ.SS_QI]IL)L(IBali.&d_________________________i_________
I | I |
[ st3 PLIT-mid 1 1 i
uFrame M + 1 | %}: ! :
] ] | ]
! st ' | |
i i i
: \Q-UT\b:SSPLIT-mid, om‘:. and DATAO 1o
| ) 1 packet ignored | |
i sdl_DATAO shi iNo SS entry created i
1 | I |
: N: ! :
I | I 1
I I I |
______ e T D SR I SR S N ST VD YD SRl ST S oy ST SOt SREY et SRty
I | I |
i st3  SSPLIT-mid | | |
I | I |
i 5115\>iSSPLIT»mid, OUT, and DATAO i
! \-Q-UT\*: packet ignored i -
! ! No SS entry createq:l !
! sdl  DATAO ! ! !
I Shl I 1 |
uFrame M +2 | N: : :
i i i |
I I 1 1
} | I |
________ st o e i s o e e s ks s e i i i
] | | :
i st4  SSPLIT-end i i i
T, ! !
I | I |
| sth | |
uFrameM +3 | :SSPLITend, OUT‘} and DATAQ !
! : packet ignored ! ! 0
! sdl DATAO : No SS entry createcll !
1 shl i | 1
i I I I
} | I |
I 1 I 1
) | I |
I | I |
1 I 1 I
"""" e
I I I 1
] | I |
I | I |
I I I I
I | | |
I I ] 1
] | I |
i | | 0
I | I |
| | | |
I I I I
I | I |
1 1 | I
} | I |
I I I 1
I I 1 I
} | I |
I I I 1
I | I |
] | I |
I I |
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7) HS DATAO corrupted

Full-speed
HUB device
Host SS: start-split buffer status (toggle)
(toggle) \ €S: complete-split buffer status: not needed \
| | i I
0 i stz SSPLIT-begin iss: Free i i 0
i | | i
L5 ! ! |
uFrame M | \Oﬂ]‘\*: | |
) ) | |
| sdl AT I SSPLIT-begin and QUT token ignored !
! DATAO ! !
000 g CRC ertor s :No SS entrycreate(?l :
[ ® 0o [ Y | | [
I I I |
[} ) 1 |
| ! | |
_______ L e
| | | |
[ st3 PLIT-mid | 1 1
uFrame M + 1 | &*: i |
I ) ]
! sth ! i |
} I I
: \'OUT\’:SSPLIT-mid, omf. and DATAO 10
| ) 1 packet ignored | |
i sdl__DATAO shi i No SS entry create | i
i i i i
] | I |
| | I |
______ T R v e o R e LSy DI LTIl SIS SN e ey D
| i | i
! st3  SSPLIT-mid ! : !
I I I |
E st ISSPLITmid, OUT, and DATAO i
! ! packet ignored ! ! 0
! ! No SS entry create(lll !
! sdl DATAO ! ! !
WFrameM+2 | m: | |
i i i i
| [} I I
} | ] |
________ e oo s e i il el s s o e i i
| | | i
: st4  SSPLIT-end i | |
T ! !
i sth i i i
uFrame M +3 | I SSPLIT-end, OUTIL and DATAO :
! ! packet ignored | : 0
! sdl DATAO :No SS entry create(lh !
. wl | |
| | i i
} | 1 |
| I I I
I | ] |
] I ] |
[} | 1 |
"""" e e
| } I I
I [} I |
] I ] |
I I I |
1 I | |
[} I ) )
I [} I |
i | i 10
) I I |
[} | I |
[} | I |
} | I |
| ) | ]
] I 1 |
| } ] |
[} } I }
] I I |
} ] I I
I [} I |
I I I |
I I I
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8) HS SSPLIT-mid or OUT token or DATAO packet after it is

I |
1ignored !

No SS[1] entry credted

corrupted
Full-speed
HUB device

Host SS: start-split buffer status (toggle)
(toggle) ; ?S: complete-split b1:Jffer status: not needed i

1 1 1 1

01 stz SSPLIT-begin I SS: Free | 1o

I I I |

| st5 | i |
uFrame M | | | i

I 1 I |

I I I |

i sdl  DATAO i i i

i shl :\ ! ]

1 1 & | 1

! ! CreaﬁQSS[O] entry with status = Pending .

_______ L S S S
1 ] N ]
3 gl N
uFrame M + 1 E : SSSPLIT mid i ‘ i OUT\}i

; st5 = | 4 DATAO l

| i |

: sdl DATAQ 1 OUT, and DATAO phcket

|

I

I

1

I

I

ukrame M + 2

uFrame M + 3

540

R e B S B S S B R e B e

st3  SSPLIT-mid

stS
sdl DATAO

shl
st4  SSPLIT-end
sth
sdl DATAO

shl

SSPLIT-mid, OUT,

packet ignored |

No SS entry createali

and DATAO

I
1
I
I
I
I
I
1
+
I
I
I
1
1
|
I

SSPLIT-mid, OUT,
packet ignored i

No SS entry createdl
I

and DATAO

FS handled generates

a bit-

stuffing errox on full-speed bus
1
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Isochronous IN Split-transaction Examples

Case Reference
Figure
Normal: full-speed bus transaction does not cross microframe boundary | 1
Normal: full-speed bus transaction crosses microframe boundary 2
HS SSPLIT corrupted 3
IN after HS SSPLIT corrupted 4
HS CSPLIT corrupted 5
Consecutive HS CSPLIT corrupted 6
HS IN corrupted 7
Consecutive HS IN corrupted 8
HS data corrupted (case 1) 9
HS data corrupted (case 2) 10
TT has more data than HS expects 11
HS CS too early (full-speed data not available yet) 12
Full-speed timeout or CRC error 13
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PA_0001752
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A 1 | 1 |
3 “ m " |
— |
- i | e |
T = “ “ _ |
—1 o |
) = | 1B < | !
7 4 ! [ B = B :
1 i ]
! | [R5 o | !
= .~ " L O & ! :
nm = @ | | ! i
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I
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2) Normal: full-speed bus transaction crosses microframe boundary

HUB Full-speed
Host SS: start-split buffer status device
(toggle) | ICS: complete-split buffer statys , (toggle)
1 )
0! i ! :
| i 0
U o GEPLIT 58 = Free : :
uFrame M i \ i i
! st2 | 1 !
I
! \lN\b‘:Create SS entry with status + Pending !
i | i i
1 H 1 1
-------  SURIURNVISIIVESTUHINIS' SNUISUNVEDRIURIN SEOTSE P SOURIE R S
1 | 1 1
| | 1 i
| | I 1
i | i i
! H Create CS entry ! !
|
uFrame M + 1 | ! SS =Free : |
| | | |
1 H I 1
| ! | i
_______ 1:-“-““-““-“"_““—-E_“(:“t“(—‘;[_l_]“;“““T C§l’0]{_=_r{€5(1_y7r_n?)re-data
“reate CS[1] entr
i Sl CEPLIT ! ]
| ]
| H 1
| _az IN . S
| - 1
uFrame M + 2 | \: # !
! ! Send data_jn —C§[0] with|
d2 MDA "
i MDATA ¥ "N i
0 M CS[0] = Old/more data i
chd ! !
] |
'''''''' :'"""""""""""_T-'G‘EE&'CS[’ZTEEE@""_T TTTT
1 | I
!t | |
E CSPLIT ! - *E
uFrame M+3 | (2 IN E . P !
I 1
: \i Send data {CS[I] with! é
! i MDAT, L S[2] = Ready/last-data
|
| 42 i a |
E MDATA__© ] S[1] = Old/more data :/i
- | 7
il
—————————— e RIS B
i ! ? |
: : / :
{ ol CSPLIT : ’ I
: : / :
F Ma+d! \l * i
uFrame M + : o2 N ] / :
! \h: Send data in CS[Z] with!
1 |
! |5 TAO :
| d1 1
: DATAO o CS[2] = Oldlast data |
]
o ! |
chl i
i
1

b

543

PA_0001753

Huawei v. FISI Exhibit No. 1007 - 571/650



Universal Serial Bus Specification Revision 2.0

3) HS SSPLIT corrupted

HUB Full-speed
Host SS: start-split buffer status device
(toggle) i £S: complete-split buffer statis , (toggle)
01 i E !
| st SSPLIT ks = Free i P °
y e i Tr ey i i
thremeld i i3 T Bignore SSPLIT | E
1 ] ]
i \lkb:lgnnm IN E E
i No SS entry created ! !
| 1 ] I
------- oo o s e
! 1 ] |
! 1 1 ]
! 1 1 I
i H i |
i i i i
| i i i
uFrame M + 1 | ! 5 :
1 \ ] |
i i i i
1 H I |
i H i i
| 1 ) !
"""" T e e R e
]
| <! CSPLIT : : !
I _ct2 IN : ! !
ulFrame M + 2 | \: i i
! 1 Search not complete ln: H
! : time : :
)
Timeout ce7 i i E
Err_count = 1 -> ce3 ! ! ]
Immediate retry CS ! E E
)
| ol CSPLIT : | i
: i | |
] ) 1
| KJ No split response found 3 .
| ] ] !
| 1 ]
i NYET M i !
M ! !
1 ] ]
: ! i i
If not last CS = ch3 E ! !
If last CS = ceb ! ! :
: i i
1 ] ]
i H i i
———————— T S s
1 1 1 1
| 1 ] |
- ! 1 1 |
uFrame M +3 | ! ! ]
I i i i
i ' | |
| : : :
| ! i i
| ! : :
i : | |
: 1 | |
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4) IN after HS SSPLIT corrupted

HUB Full-speed
Host SS: start-spl a i
538 I-split buffer status device
(toggle) | S: complete-split buffer statys 1
| 1 | 1 (toggle)
0} i i i
| __stl SSPLIT 55 = Free E i
uFrame M | i | i
{ st2 1 ! i
T - _[N sel I 1
: E No SS entry created E !
_______ {.-______-________--__-__J_----__-__-________--JI______----__-___---_-_-___:_-__-__-_
: ’ | :
: ! : :
1 H | i
1 H | I
| 1 | 1
uFrame M + 1 | i i i
| ] | H
i i i 1
i i i i
| \ | i
------- JI-------------------------|---------------------JI--------------------------:—--------
i H i 1
i S CSPLIT ! | i
. | |
| 2 IN . : i
1
uFrame M + 2 | \bi § 1 H
! ! Esf!ar(:h not complete tn: !
Timeout ce7 E tme E E
Err_count = 1 -> ce3 ! | H
Immediate retry CS i | i
. ] | i
i i i i
! ctl  CSPLIT i ! !
' £ ! Nosplit response found | !
1 H | ]
| H | H
1 1 | i
! chd 1 ; i
i NYET 1 | [
M ! :
) I ]
: i : i
If not last CS =2 ch3 i ! !
If last CS = ceb ! ] i
| : : :
| 1 ] 1
| H | |
| H | i
! e e e U Ao
I 1 1 [
| 1 ] 1
I 1 | 1
: ] I :
uFrame M +3 | ! ] i
| | | |
1 H | ]
I 1 1 1
| 1 | 1
| 1 | ]
i | | [
] 1 ] 1
i i i 1
i i i i
: i ' :
545
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5) HS CSPLIT corrupted

HUB Full-speed

Host SS: start-split buffer status device
(toggle) CS: complete-split buffer statyis (toggle)
0 | |
0

I
stl - SSPLIT :‘ss - Free

uFrame M
st2

P R VI

Create SS entry with status + Pending

i

Create CS entry
SS = Free

uFrame M + 1
CS = Ready/last data

i
e o e B i

&
2
g

uFrame M + 2 i i
i IN is ignored

Timeout ce7
Err_count = 1 -> ce3
Immediate retry CS

No response is given

el CSPLIT

ct2 IN

Send last  data  with
di DATAO

DATA0

o

CS = Old/last data

;

P ST KPS SO S S S S R S St

\

uFrame M + 3

o a1l i o

o e

546

PA_0001756

Huawei v. FISI Exhibit No. 1007 - 574/650



Universal Serial Bus Specification Revision 2.0

6) Consecutive HS CSPLIT corrupted

HUB Full-speed
Host 55: start-split buffer status device
pl
(toggle) | {CS: complete-split buffer statys , (toggle)
1 | 1
0! E : |
! . . | 1
i stl ggpIT 5S = Free : i
uFrame M i \ i i
! st2 ' : E
]
i \LK*’E Create SS entry with status & Pending !
i i | i
1 ] | )
------- T o
! ! e I !
! | Create CS entry ! \’ ]
! i SS = Free ! !
]
ulrame M + 1 | ! : DATAQ :
1 1 CS = Ready/last data | 1
i i | i
[} ] I !
| H i '
”””” R R R s SRS
I
il i : | |
VSl i i i
i _ez IN o i ;
uFrame M + 2 | \_’: : :
! ! IN is ignored ! !
I | ]
Timeout ce7 I No response is given | E
Err_count = 1 -> ce3 E i :
Immediate retry CS ! ! ]
| ! | i
7l I | '
i .l CSPLIT : ; !
1 e SR ' i '
i az N R | i
e a s
1 * INis ignored A i
Timeout cel E Mo response is given i E
Err_count = 2 -> ce3 ! | i
Immediate retry CS , i E
I
) | )
i ! | i
! ! | ]
i 1  CSPLIT ] : |
Vo2 IN . | i
1 ] | ]
D, : :
1 : IN is ignored I 1
I | ]
Timeout ce7 | No response is given ! E
Err_count = 3 -> ce4 E i |
Record error g ' !
Go to next cmd i i |
]
' ! | i
1 )
547
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7) HS IN

Host
(toggle)

ulFrame M

ulrame M + 1

uFrame M + 2

Timeout ce7
Err_count = 1 -> ce3

[m

uFrame M + 3

548
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corrupted

HUB

55: start-split buffer status

I

st SSPLIT

]
i
]
I}
]

i

oz

T

mediate retry CS

ol CSPLIT

]

mmm e mmmmmm—m——mm e ———————

)
58S = Free

Create SS entry with status

Create CS entry
SS = Free

CS = Ready/last data

timeout

No response is given

Send
DATAD

last data with

CS = Old/Tast data

|
!
!
1
I
|
I
1
|
&
I
1
!
|
4
:
|
|
|
|
1
I
I
|
|
!
|
|
|
4
i
I
|
|
1
1
!
|
!
|
|
|
1
|
|
|
|
|
I
I
|
|
|
1
|
|
I
!
|
|
1
!
|
|
|
|
I
I
I
I
|
|
|
!
!
i
i
|
|
1
|
|
|
|
|
|
|
|
|
|
I
|
1
I
!
|
!
|
'

CS: complete-split buffer statys
i i

Pending

e e e e e e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e P e e e e e e e e e e e e e e e e e e e e e

Full-speed

device
(toggle)
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8) Consecutive HS IN corrupted

Full-speed
H HUB Aot
ost SS: start-split buffer status evice
(toggle) | {CS: complete-split buffer statis , (toggle)
0! | | :
! | | i o
: stl  SSPLIT 'ISS = Free ! i
uFrame M i | i i

1 t2 i i 1

E \E\JM Create S8 entry with status % Pending E

| I i |

' | 1 i

_______ IL..-......-_..____-..L__.........__.L-_..-..__..___.._.._..._..-....{...._....-,..._....-....---A._.._.....__..I......-----._

1 i i 1

| : — !

! i Create CS entry ! \ !

! i SS = Free ! !

uFrame M + 1 | : ! DATA i

' H CS = Ready/last data 1 1

| | : :

1 1 1 1

| | 1 [l

_______ R R S SRS U, SR QS e T & (S T E SR S SRS s S S A T ERSa S [ S S S S e - SO, S SR S (S S e S

i : i i

i ctl - CSPLIT : i i

e EEe I i
I | i i
! a2 I ! !
uFrameM + 2 E TR ._’i i i i
I | = i 1
I 1 1
Timeout ce7 | No response is given H i
Err_count = 1 -> ce3 i i '
[mmediate retry CS : ! |

e | | |

i 1 CSPLIT I : :

| ’ : :

oet2 IN 1 1

R cel | | i

; h HI‘ timeout E i
Timeout ce? i Na response is given E E
Err_count = 2 -> ce3 ! ' T i i
Immediate retry CS ! i E

. i : :

] | i 1

1 | 1 1

| B CSPLIT : | i

i | ! |

! __I__ch IN | i !

i cel | I !

: """"""""""" B timeout i :

' : : |
Timeout ce? i No response is given ; i
Err_count = 3 -> ced i H !
Record error : ! |
Go to next cmd ] E E

I
! | i i
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9) HS data corrupted (case 1)

Full-speed

HUB

SS: start-split buffer status
(CS: complete-split buffer statiis

Free

58S =

uFrame M

Pending

&

Create S5 entry with status

Create CS entry

SS = Free

DATA

uFrame M + 1

CS=

Ready/last data

S S G SRR s e

uFrame M + 2

DATAO
oo o0 L]

ubFrame M + 3

550
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10) HS data corrupted (case 2)

” HUB Full'-speed
ost SS: start-split buffer status device
(toggle) ! CS: complete-split buffer statiis i(toggle)
01 : I |
i - .‘ |
i stl - SSPLIT :ﬁS = Free : |
uFrame M i N i i
i \ 1 i
i \LMCWNP SS entry with status J:: Pending i
H i i |
1 1 | !
------- T e S
] H | I
1 ] ' IN |
i | 1 |
| | B
! 1 Create CS entry ! !
1 -
ulrame M + 1 | ! SS = Free - :
i i | |
i | i I
H ! I |
_______ T b R R S e R SO
! _E e T R A . “S[0] = Ready/begin-data
1 ¢l CSPLIT 1 i o i |
1 ] 1 = - |
1 ez IN i g ] |
uFrame M + 2 | \‘E - =3 ' }
1 - I I
! ] - | i
] cd2 H . | I
H MDATA. eeo® :‘—Scnd begin-data in CS[0 |
1 eo o " | with MDATA : }
[l i ] i
{CRC error ceb ! ' :
---------- Frmrmmcmmmmc e e e e e e e e = b e LGS [ =Oldibagdn data- - - - - - S S p i S e
E-HC- rejects data ! ok e _T/ r
1TAdvance | WP |
| : A 1
! HImplementor  can  decide !
! 'what 1o do on the y
. tcontinuing full-speed bus :
! tAny way the data hnm?': }
f :llSF‘-k‘SS L ! :
i i O |
: i S :
__________ | oo o —————
: | K H :
1 ] ] |
] H | I
1 1 | |
1 1 1 i
i i i |
i ] | I
i \ 1 ]
1 ] | !
H ' i l
H i | |
: : : |
i | i |
1 1l | i
1 1 1 |
1 ] ! !
[ 1 | |
1 1l | |
i | I I
i i i I
1 ] | !
! i i }
551
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11) TT has more data than HC expects

Send mid—data/in /CS[I]
with MDATA-

xsmﬁ Old/more data

" HUB Full-speed
ost SS: start-split buffer status device
(toggle) | (CS: complete-split buffer statiis \(toggle)
! 1 ) 1
0! : ! i
: sl SSPLIT 5S = Free !
1 I ] I
uFrame M i st2 | ! i
I ]
i \[K’E Create SS entry with status % Pending i
| i i |
] 1 | |
srenelee s e oo mp e e s e e e e I
! | ! !
| i I IN |
: | T —
! i CreateCS entry ! !
I
1 i SS=Free | 1
uFrame M + 1 ! | ! DATAO !
! I ] 1
1 1 ) 1
i { I Cslo] = Ready/more-data '
““““ s Sl © 221 AR 8 5 010 i R e
1 | | |
| 1 CSPLIT H i é |
: : L. !
P2 IN : P L !
uFrame M + 2 | \: o - | i
! ! Send begin_data in CS[0] ! !
d2 ith MI>XTA
i MDATA _°%2_ 2N i i
M%S[O] - Old/more data | |
i ch4 | I ocslil = i
_________________________________ '~ "TCreate CS[2[entry T 4 A
| reate CS[2] entry ! ] p
¢l CSPLIT | L,
’ i A
uFrame M + 3 !
i
|

____________________1_
o
ne
—
zZ

CS|2] = Ready/more-data

[}
]
I
____________ ehd .
! | ] |
i i i |
| | 7 |
1l CSPLIT | R :
| | | |
uFrame M + 4 i m 8 il i CSI3] = Ready/last-data i
| ! Send mifldata in CS |
| \N with MDATA /‘. |
[ | . 1 |
1 ] 1
: MDATA _cdL__i A¢TS|2] = Old/more datt | :
1 1 1
\? i 1 |
HC has |sen®the last CS, but it ! L4 ] !
receives | MDATA, so something ! / i |
goes wrohg > ce8 ! ' ' 1
_________ B O e e N  a ____-_4—_-__-____-__-_-__—_-__-__1______

[3] = Old/last-data

552
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12) HS CS too early (full-speed data not available yet)

HUB Full-speed
Host S5: start-split buffer status device
(toggle) | 10S: complete-split buffer statyis , (toggle}
i ] i i
0| : | »
i . i i
| stl SSQPLIT 5S = Free ! |
uFrame M i \bf i i
! st2 ! : :
! \LN\’E Create SS entry with status + Pending -
i ' i |
: = ' |
e demmm e e fmmmreee
i i i i
] 1 | |
i 1 | 1
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13) Full-speed timeout or CRC error
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Appendix B
Example Declarations for State Machines

This appendix contains example declarations used in the construction of the state machines in
Chapters 8 and 11. These declarations may help in understanding some aspects of the state machines.
There are three sets of declarations: global declarations, host controller specific declarations, and
transaction translator declarations.

B.1 Global Declarations
LIBRARY IEEE;
USE IEEE.std logic 1164.all;
PACKAGE behav package IS

CONSTANT FLIFO DEPTH : INTEGER := 3; -- 8ize of bulk puffer.
-- Determines how many outstanding
Split transactions are allowed.

CONSTANT ERROR INJECT DEPTH : INTEGER := 16&; -- Bize of Brror Inject FIFO.
TYPE ep types 1S (bulk, control, isochrenous, interrupt); -- endpoint types
TYPE directions IS (in dir, out_dir); -- data transfer directions
TYPE pids 1S (NAK, ACK, STALL, -- possible packet PIDs

tokenlIN, tokenOUT, tokenSETUP,

S0OF, ping,

MDATA,

DATAx, - represents both DATAC0 and DATAL

CSPLIT, SSPLIT,

NYET, ERR,

TRANS ERR]) ; -- pseudo PIDs for error cases
TYPE cmds IS (start split, complete split, nonsplit, SOF}; C commands

TYPE data choices IS (alldata, begindata, enddata, middata);
-- isochronous data part for an HC command

TYPE HCresponses 1S | -- what HC should do next for this command
do start, -- do start-gplit transaction
do complete, do complete-split transaction

do complete immediate,
do complete-split immediately before deoing a different transaction

do halt,
" -~ do endpoint halt processing for the endpoint of this command
do next cmd, -- de next command for this endpoint
-~ advance data pointer appropriately
do same cmd, -- de same command over again

do comp immed now,
do complete-split imediately within same microframe
do_next complete,
do next complete-split in next microframe (periedic)
do_next_ping,
do ping,
do out,
do idle Response not active Used for Simulaticn
)i

TYPE Devresponses IS |
do_next data,
do nothing

)3
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TYPE waits IS |

1TG, - wait up to an inter packst (intra transaction) gap
-- for the next packet.
none) ; -- wait forever for next packet

TYPE CRCs 1S (bad, ok);

TYPE states IS (old, pending, ready, no match, match busy) ;
-- states of a buffer

TYPE results IS ( -~ full/low speed transaction result in a buffer
r_ack,
r_nak,
r_trans err,
r_stall,
x_baderc,
r lastdata,
r moredata,
r data);

TYPE epinfo rec IS RECORD

space_avail : boolean;
data avail : boolean;
ep _type : ep types;
ep trouble : boolean;
toggle : boolean;
END RECORD;

TYPE epinfo _array 1S ARRAY (1 DOWNTQ 0) OF epinfo rec;

TYPE device rec IS RECORD

ep : epinfo array;
HE : BOOLZAN;
END RECORD;

TYPE match rec 1S RECORD

state
down result

-- result of matching a high-speed complete-split
states;
results;

END RECORD;

TYPE HS bus rec IS RECORD
-- partial high speed transaction state from a high speed bus

ep_type : ep_types;
BID pids;
dev addr INTZGER RANGE 0 TO 127;

endpt INTZGER RANGE 0 TOQ 15;
CRC16 CRCs;
direction directions;
.13 boolean;
datapart : data choices;
ready : boolean;
timeout : boolean;
END RECORD;
TYPE command rec IS RECORD -- command state that the HC must act upon
ep type t ep types;
cmd : cmds;
setup : boolean; -- true is control setup
ping : boolean;
HES : booclean;
dev_addr : INTZGER RANGE 0 TO 127;
endpt : INTZGER RANGE Q0 TO 15;
CRC16 : CRCs;
direction : directions;
datapart : data choices;
toggle : boolean;
last : boolean;
END RECORD;
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be buf status IS (OLD,NU,NOSPACE) ; -- Responses from Compare BC buff.
BC buff rec IS RECORD {partial) state of a bulk/control buffer
match : match rec;
index : INTZGER RANGE 0 TO (FIFQO DEPTH-1);
status : be buf status;
END RECORD;

C8_buff rec IS RECORD

(partial) state of a periodic complete-split buffer
match t mateh rec;
store : hs_bus rec;
END RECORD;

58 buff rec 1S RECORD
saw _split: boolean;

isochO: boolean; -- was the last transaction an isochronous OUT SS

lastdata: data choices;
-- if isochO is true, then what was the last data portion
END RECORD;

cam rec IS RECORD -- Information stored in the bulk/control Buffer.
store + hs bus rec;
match : match_rec;
END RECORD;
phases 1S (SPLIT, TOKEN, DATA); -- Error Inject phases.
err inject rec IS RECORD -- Error Injection FIFO record.
phase : phases;
timeout : boolean;
cre : CRCs;
pid : boolean;
END RECORD;
err inject type LS ARRAY((ERROR INJECT DEPTH - 1) DOWNTO 0)

err inject rec;

cam_type IS ARRAY((FIFO DEPTH - 1) DOWNTD 0) OF cam_rec;

--returns true when there is a packet ready to receive from a bus

FUNCTION Packet ready(HS bus_in: HS bus rec) RETURN boolean;

wait until there is a packet ready on a bus
PROCEDURE Wait_ for packet (HS bus_in: HS bus_rec; wait_type: waits);

PROCEDURE RespondDev (dr: devresponses);

PROCEDURE HC Accept data;

PROCEDURE HC Reject data;

PROCEDURE Dev Accept data;

PROCEDURE Dev Record error;

END behav package;
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Host Controller Declarations

shared
shared
shared
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

VARIABLE ErrorCount :  integer :=0;

VARIABLE HC response v : HCresponses;

VARIABLE rd ptr : integer RANGE 0 TO (ERROR_ INJECT DEPTH-1) :=
HSU2_ ready : boolean;

HC command ready : boolean := FALSE;

HC omd : command rec;

HCresponse : HCresponses;

err inject fifo : err inject_type;

Wr ptr : integer RANGE 0 TO (ERROR INJECT DEPTH-1) :=

-- Issue a packet onto the HS bus.

PROCEDURE Issue packet (SIGNAL HS bus ocut : OUT HS bus_rec;

BEGLN

pid : pids) 1s

HS bus out.ep type <= HC cmd.ep type;

HS pus_cut.endpt <= HC cmd.endpt;

HS ous ocut.dev_addr <= HC cmd.dev_addr;
HS bus out.direction <= HC cmd.direction;
HS pus out.datapart <= HC cmd.datapart;

HS bus out.x <= HC cmd.toggle; —= 1¥F

-~ Check for Error injection when FIFO is not empty.
IF (wr_ptr /= rd ptr) THEN

IT})) OR

Insert an error during SPLIT phase ?
IF ((err inject fifo(rd ptr).phase = SPLIT AND (pid = SSPLIT OR pid =

Insert an error during Token phase ?
{err_inject fifol(rd ptr).phase = TOKEN AND
(pid = tokenIN OR pid = tokenOUT OR pid = tokenSETUP)) OR
Insert an error during Data phase ?

(err_inject fifo(rd ptr).phase = DATA AND (pid = MDATA OR pid = DATAx}))

HS bus ocut.crelé <= err_inject fifolrd ptr}.cre;
HS_bus_out.timeout <= err inject fifo(rd ptr).timeout;
IF (err inject fifo(rd ptr).pid) THEN

HS bus out.pid <= TRANS ERR;
ELSE

H8_bus out.pid <= pid;
END IF;

Update rsad pointer.
IF (rd ptr = (ERROR INJECT DEPTH-1)) THEN
rd ptr = 0;
BLSE
rd ptr := rd ptr + 1;
END IF;
ELSE
-- Dtherwise issue packet with no errors.
HS bus_ocut.crclé <= ok;
HS bus out.timeout <= FALSE;
HS bus out.pid <= pid;

END IF;

-- Otherwise issue packet with no errors.

ELSE
HS bus_ocut.crelé <= ok;
HS bus out.timeout <= FALSE;
HS bus out.pid <= pid;
END LF;

HS bus_out.ready <= TRUE;
HS bus_out.ready <= FALSE after 500 ps;

0;
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END Issue packet;

- Get next command for HC to execute.
-- NOL USED FOR THLS LMPLEMENTALION 'DL

PROCEDURE HC Get next command IS
BEGIN
END;

-- Tells HC what happenad to this command.
PROCEDURE RespondHC (HCresponse : HCresponses) IS

BEGIN

HC response v := HCresponse;

END;

-~ Update command status for the next time the command will be executed by HC.
NOT USED FOR THIS IMPLEMENTATION !!!

PROCEDURE Update command (SLGNAL HCdone : OUT boolean) IS

BEGIN
HCdone <= TRUE;

PROCEDURE IncError IS
BEGIN

ErrorCount := ErrorCount + 1;
END;

-- Record Error for current command.
-- NOT USED FOR THIS IMPLEMENTATILION
PROCEDURE Record error IS
BEGIN

ErrorCount := 0;

END;
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B.3 Transaction Translator Declarations

shared VARIABLE cam + cam type; -- TT buffer.

shared VARIABLE BC buff : BC buff rec;

shared VARIABLE CS Buff ¢ CS buff rec;

shared VARIABLE rd ptr : integer RANGE 0 TO (ERROR INJECT DEPTH-1) := 0;
shared VARIABLE derror v : boolean;

shared VARIABLE ss avail v : boolean;

shared VARIABLE periodic : boolean := FALSE;

shared VARIABLE error time :time := 1000000000 ns;

SIGNAL split : HS bus rec; - Stored Shared Split Token
SIGNAL token ® HS‘Dusurec, -- Stored Token

SIGNAL 82 Buff + 88 buff rec;

SIGNAL CS Buff sig : €5 buff rec;

SLGNAL mem : cam rec;

SIGNAL memwrite : boolean;

SIGNAL err inject fifo : err inject type;

SLGNAL wr ptr : integer RANGY 0 10 (ERROR LINJECL DEPIH-1) := 0;
SIGNAL derror : boolean;

S1IGNAL ss_avail : boolean;

-- Is no space - Returns true when there is no space in the Bulk/Control buffers
- for the current start- Spllt
funCtIDn Is no space(BC buff BC buff rec} return boolean is

variaple result:boolean:=FALSE;

pegin
IF (BC buff.status = NOSPACE) THEN
result := TRUE;
END IF;

return result;
end 1g no space;

-- Is_new S8S - Returns true when the current hlgh speed start- spllt is new.

funection Is new SS!HC buff BC buff rec} return boolean is
variable result:boolean:=FALSE;

oegin
IF (BC buff.status = NU) THEN
result := TRUE;
END 1IF;

return result;
end Is new SS;

-~ IS old 88 - Returns true when the current hlgh speed start - Spllt is a retry

function Is old S5(BC buff: BC | nuff rec} return boolean is
variable result:boolean:=FALSE;

begin
LF (BC buff.status = OLD} THEN
result := TRUE;
END IF;

return result;
end Is _old S8S;

procedurs Issue packet (signal HS bus out : out HS bus rec;
pid : pids) IS
Dpegin

-- Setup HS packet based on whether its periodic or bulk.
IF (pericdic = TRUE) THEN

HS bus out.ep type <= CS Buff.store.ep type;
HS bus out.endpt <= CS Buff.store.endpt;
HS bus_out.dev addr <= C5_buff.store.dev_addr;
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HS bus out.direction <= CS_Buff.store.direction;
HS bus_out.datapart <= CS Buff.store.datapart;
HS bus out.x <= CS Buff.store.x; el 75 55 5
ELSE
HS bus out.ep type <= cam(BC buff.index).store.ep type;
HS bus out.endpt <= cam(BC buff.index) .store.endpt;
HS bus out.dev addr <= cam(BC buff.index).store.dev addr;
HS bus out.direction <= cam(BC_buff.index) .store.direction;
HS bus out.datapart <= cam(BC puff.index).store.datapart;
HS bus out.x <= cam(BC buff.index).store.x; = 270

-- Update bulk/control with state information which may have been updated
-- by the complete-split state machines.
cam(BC_buff.index) .match.state := BC buff.match.state;

END IF;

-- Check for Error injection when FIFQ is not empty.
IF (wr_ptr f= rd ptr) THEN

HS bus out.crclé <= err inject fifol(rd ptr).cre;
HS bus out.timeout <= err inject fifo(rd ptr).timeout;
IF (err_inject fifo(rd ptr).pid) THEN

HS bus out.pid <= TRANS =RR;
ELSE

HS bus out.pid <= pid;
END LF;

--1F (now > error time ) THEN
-- Update read pointer.
IF (rd ptr = (ERROR INJECT DEPTH-1)) THEN

rd ptr = 03
ELSE
rd ptr := (rd ptr + 1);
END IF;
--END IF;
error_time := now;

-- Otherwise issue packet with no errors.

ELSE
HS bus_cut.crclé <= ok;
HS bus out.timeout <= FALSE;
HS bus out.pid <= pid;
END IF;
HS bus out.ready <= TRUE;
HS bus out.ready <= FALSE after 500 ps;

end Issue packet;

-~ returns true when wrong combination of split start and last isoch out transaction
FUNCTION Bad IsochOut (S5 _Buff : 85 Buff rec;
split : HS bus rec} RETURN boolean IS
VARIABLE result:boolean:=FALSE; n
BEGIN
result := ((split.datapart = enddata OR split.datapart = middata) AND
NOT (88 _Buff.lastdata = begindata OR 88 Buff.lastdata = middata)) OR
((split.datapart = begindata OR split.datapart = alldata) AND
SS_Buff.isochO) OR
((split.datapart = middata OR split.datapart = enddata)} AND NOT
58 Buff.isochoO);

RETURN result;
END Bad IsochOut;
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procedurs Save(hs_bus in : IN HS bus rec;
SIGNAL hs bus out: OUT HS bus rec) IS
pegin
hs bus out <= hs bus_in;
end Save;

-- Compare BC buff - This procedure is used to look at the BC buffer to determine
- whether the packet should be stored. Compare BC buff will
-- initialize BC buff with the buffer location information.

procedurs Compare BC buff IS
variable match:boolean:=FALSE;
pegin

- Assume nospace and intialize index to 0.
BC buff.status := NOSPACE;
BC buff.index := 0;

FOR i IN 0 to FIFO DEPTH-1 LOOP
IF NOT match THEN

- Re-use buffer with same Device Address/End point.

IF (token.endpt = cam(i).store.endpt AND
token.dev_addr = cam(i).store.dev_addr AND
((token.direction = cam(i).store.direction AND

split.ep type /= CONTROL) OR

split.ep type = CONTROL)) THEN

-- If The buffer is already pending/ready this must be a retry.
IF (cam(i).match.state = READY OR cam(i).match.state = PENDING) THEN

BC buff.status := OLD;
ELSE

BC buff.status := NU;
END 1F;
BC buff.index := i;

match := TRUE;

-~ Otherwise use the buffer if it’'s old.
ELSIF (cam(i).match.state = OLD) THEN
BC buff.status := NU;

BC buff_index := i;
END IF;
END IF;

END LOOP;
BC buff.match.state := cam(BC buff.index).match.state;

end Compare BC buff;

-- Accept data - Store start-split into bulk/control buffer. Index is setup
-- in a previocus call to Compare BC buff.

procedurs Accept data IS

pegin
cam(BC_buff.index).store := token;
cam(BC buff.index).match.state := PENDING;
BC puff.match.state := PENDING;

end Accept data;

-- Match split state - This procedure finds the BC buffer location which matches
s the current complete-split.

procedurs Match split state LS
variable match:boolean:=FALSE;

pegin
BC buff.match.state := NO MATCH;
BC buff.index := 0;

FOR i IN 0 to FIFO DEPTH-1 LOOP
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IF NOT match THEN
-- Is this the buffer used for the start-split
corresponding to this complete-split?
-- If it is... store information inte BC buff and
indicate match was found.

IF (token.endpt = cam(i).store.endpt AND
token.dev addr = cam(i).store.dev addr AND
token.direction = cam(i).store.direction) THEN

BC buff.match.state t= cam(i).match.state;
BC buff.match.down result := cam(i}).match.down result;
BC buff.index := i;
match := TRUE;
END IF;
END IF;:
END LOOP;

periocdic := FALSE; -- Setup Issue Packet.

end Match split state;

BEGIN
derror v := TRUE;
END Down error;

procedurs Data_into S8 pipe IS

pegin
¢s_Buff.match.state := MATCH BUSY;
ss avail v := TRUE;

end Data into S8 pipe;

procedurs Fast match IS

begin

periodiec := TRUE; -~ Setup Issue Packet.
end Fast match;
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Appendix C
Reset Protocol State Diagrams

This appendix presents state diagrams that provide implementation examples for the reset protocol as described
in Section 7.1.7.5. These state diagrams should be considered as an example to guide implementers; the
description of the reset protocol and the high-speed reset handshake in Section 7.1.7.5 is the complete required
hehavior. By necessity, state diagrams incorporate some implementation dependent parts that, although
describing the reset protocol correctly, can also be implemented in a different way yielding similar behavior,

Any timer used in these state diagrams should have a resolution that allows it to always keep to the allowed time
frame. For instance, if a timer times out between a time Typyer(min) and Typger(max), the timer should have a
minimal resolution of at least 1 clocktick in the range of Typeg. In a number of places, a time Toygg is
mentioned in a state diagram; while in the tables in Section 7.3, a range is given for this time. In that case, the
time represents a chosen value in the range such that it is at least 1 clocktick of the associated timer away from
the upper boundary of that range. Under these conditions, a state in the state diagrams will never miss a branch
because the associated timer overstepped the time-out condition.

In the state diagrams in this appendix, a timer can be either Run, Started, or Cleared. If a timer is Run, it will
update itself every clocktick. If a timer is Cleared, it is stopped and its contents are reset to zero. A timer that is
Started is first cleared and then immediately run. Stopping of a timer is never done explicitly in the state
diagrams.

C.1 Downstream Facing Port State Diagram
This section describes the reset protocol state diagram for the downstream facing port.

The state diagram shown in Figure C-1 shows all the necessary and required behavior of a downstream facing
port in case of a reset. As this is the initiating party in the reset protocol, the hub enters the Resetting state
through a request from the host (the SetPortFeature(PORT_RESET) command). The downstream facing port
then drives an SEO to initiate the reset and at the same time starts a timer TO to time the whole reset procedure.

If the attached device is low-speed, then the only way that reset ends is when the timer TO times out (Tpgsy) and
the bus returns to idle. Whether a device is low-speed is determined prior to entering the Resetting state in the
status bit PORT_LOW _SPEED. This is described in more detail in Section 11.8.2, When reset has completed,
the hub enters the low-speed Enabled state.

If the attached device is full-speed and not high-speed capable, it will end reset when timer TO expires (Tppst)
and the hub has not detected a valid upstream chirp (continuous Chirp K). It will then enter the full-speed
enabled state.

Last, if the attached device is high-speed capable, it will send back an upstream chirp some time after the SEQ
has been asserted on the bus. The actual time before the upstream chirp starts depends on whether the attached
device was suspended or awake at the time the reset started. The loop between the blocks with “Clear timer T17
and “Run timer T17 represents the 2.5 us (Tyyp) filtering the reset protocol asks for.

Note: The timer T1 is required to be reset after an interruption of 16 high-speed bit-times of the continuous
Chirp K that makes up the upstream chirp. It may be reset by any shorter interruption.

If the filtering of the upstream chirp takes too much time, the downstream facing port may not be able to finish
its downstream chirp in time to be able to end the reset procedure in time. Therefore, when timer TO reaches
beyond the time Tyeppyp (time to detect an upstream chirp), the hub is put in a wait state, which it leaves after
the timer has timed out the complete reset protocol (Tppsy). It will then enter the full-speed enabled state.
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IResetting
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Figure C-1. Downstream Facing Port Reset Protocol State Diagram

When the downstream-facing port has successfully detected an upstream chirp, it will start transmitting the
downstream chirp as soon as it has seen the bus leave the Chirp K state. This end of the upsiream chirp will
return the bus to the SEO state. So immediately (actually within 100 pis (Tyqpen) after the end of the upstream
chirp according to Section 7.1.7.5), the hub drives a Chirp K for 40 to 60 us (Tpeymrr), then a Chirp J for 40 to
60 ps, then a Chirp K, ete. It continues with this alternating sequence until timer T0 has come within 100 to
500 us (Tpewpsee) of the end of reset (Tprsy). When this time is reached, the downstream-facing port finishes the
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40 to 60 ps of continuous signaling it was busy with when the timer TO exceeds the value of Tprst — Toensen
before driving SEO until the end of reset.

C.2 Upstream Facing Port State Diagram

This section describes the reset protocol state diagrams for the upstream facing port. The state diagram for the
upstream facing port is more complicated than the diagram for the downstream facing port as the device can be
in any possible state when it receives a reset signal. Therefore, the state diagram has been split into two parts:

e The reset detection state diagram which describes the way a device reacts to reset signaling on its upstream
facing port (see Figure C-2)

e The reset handshake state diagram that explains how a high-speed capable device performs a handshake
procedure with the hub upstream to communicate each others high-speed capabilities and have both enter a
high-speed state at the end of reset (see Figure C-3)

Therefore, all of these states must be covered in the diagram. Also, the fact that for a high-speed capable device
a suspend is initially indistinguishable from a reset requires that the state diagram for the upstream facing port
addresses the suspend procedure as well.

At the start of the reset, we can be any possible state, but we can collect them into three groups, where each
group is handled differently, but all states in the same group handle reset in the same way. The states are as
follows:

e Suspended
*  Powered, FS Default, FS Address, and FS Configured
e HS Default, HS Address, and HS Configured

These groups of states correspond to an identical list of possibilities as described in Section 7.1.7.5 under item 3
of the reset protocol.

C.2.1 Reset From Suspended State

As can be seen from Figure C-2, the device wakes up from the Suspended state as soon as it sees a K or an SEQ
on the bus. A J would be indistinguishable from idle on the bus that a suspended device sees normally. On
seeing a K, the device will initiate a resume process. For the details of this process, see Section 7.1.7.7. On
seeing an SEO, the device could enter the reset handshake procedure, so it starts timer T0.

The actual reset handshake is only started afier seeing a continuous assertion of SEO for at least 2.5 us (T rseo).
The loop between the blocks with “Clear timer T1 and “Run timer T17 represents this filtering. [f the device
has not detected a continuous SEO before timer TO exceeds the value of Tycnesn - Tucn, the device goes back
into the Suspended state.

A device coming from suspend most probably had its high-speed clock stopped to meet the power requirements
for a suspended device (see Section 7.2.3). Therefore, it may take some time to let the clock settle to a level of
operation where it is able to perform the reset detection and handshake with enough precision. In the state
diagram, a time symbol Twrerx is used to have the device wait for a stable clock. This symbol is not part of the
USB 2.0 specification and does not appear in Chapter 7. It is an implementation specific detail of the reset
detection state diagram for the upstream facing port, where it is marked with a asterisk (*). Twrcrk should have
a value somewhere between 0 and 5.0 ms. This allows at least 1.0 ms time to detect the continuous SEQ.

If the device has seen an SE0 signal on the bus for at least Ty rsgo, then it can safely assume to have detected a
reset and can start the reset handshake.
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HS Default
HS Address
HS Configured

A

idle lidle

Y

Start timer T0

y

Remove HS
terminations
Connect D+ pull-up

T1 = Twrrsmis

Powered
FS Default
FS Address
FS Configured
A
SEO | idle Line state change
Start timer TO
idle & SEO &
TO=3.0 ms TO = TWTRSTFS

resistor
Start timer T1 ISEO &
Tl 2 Twrrsrus
SEO0 &
Suspended
Start timer TO

TO = Twrewk™

y

T0 = Tycrmsn
- Tl,‘('I[

Clear timer T1

SE0

A
ISE0 &

Run timer T1

TI<W

T1 2 Trrrsen

A\\_'K

Initiate Resume

process

TO= TU(TIIEND = Tl!(‘H &

T1 <Trrseo

Start reset handshake process

Note: Tyryerx is a symbol that is only used in this state diagram. It is not part of the USB 2.0
specification and does not appear in Chapter 7. It is an implementation specific detail of this
state diagram. See Section C.2.1 for a detailed description.

Figure C-2. Upstream Facing Port Reset Detection State Diagram
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- Start of reset handshake process

C0<3&
T3 < Twres

y
Drive Chirp K
Start timer T2

T2 = Tuen

y

Stop Chirp K
Clear counter CO
Start timer 13

r
/V Clear timer T4
A

High-speed K

T4 <Tpwy

Run timer T4

T4 = Teyy

y
Clear timer T4
A

High-speed J

T4 < Ty

Run timer T4

Enable HS

terminations

Disconnect
D+ pull-up resistor

h 4

HS Default

Figure C-3, Upstream Facing Port Reset Handshake State Diagram
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C.2.2 Reset From Full-speed Non-suspended State

Timer TO is started when seeing an SE0 or idle state from a full-speed Non-suspended state.

Ifa J (idle) is detected and the timer TO exceeds the value of 3.0 ms while no change has been detected in the
state of the bus, the device is suspended.

If an SEO is detected and the timer TO times out the value of Ty rgsres (between 2.5 [is minimum and 3.0 ms
maximum) while no change has been detected in the SEO state, the device can start the reset handshake. On any
line state change, the device aborts the detection of reset or suspend from upstream and returns to its previous
state.

C.2.3 Reset From High-speed Non-suspended State

Timer T0 is started when seeing a high-speed idle on the bus from a high-speed Non-suspended state, If
anything else than idle is detected on the bus, the device aborts detection of a reset and returns to its previous
state. When timer TO exceeds the value of Ty ey (between 3.0 ms minimally and 3.125 ms maximally), the
device reverts to full-speed by switching off its high-speed terminations and connecting the D+ pull-up resistor
to the D+ line.

The reset protocol allows some time for debouncing and settling of the lines in the new state (Twrrstns). After
this time, the line should be sampled to see whether the device should be suspended (on detecting a full-speed
idle) or reset (on detecting SE0).

If an idle was detected, the device should suspend; if an SE0 was detected, the device can start the reset
handshake.

If something other than an idle or an SEO, in other words, a K, was detected, the device will also enter the
suspended state. However, on seeing the K, the device will immediately resume, effectively returning to the
high-speed state.

C.2.4 Reset Handshake

570

At this point, the behavior of devices has become independent of the initial state they were in when the reset
started. The reset handshake is started by the device, when it sends an upstream chirp that is at least 1.0 ms long
and stops before the timer TO hits the 7.0 ms mark. Note: This is the same timer T0 that was started in the reset
detection state diagram in Figure C-2.

A choice of implementation is available here. The one presented in the state diagram in Figure C-3 is where a
timer T2 is started when the Chirp K is asserted to time the minimum required duration of the upstream chirp.
The Chirp K is stopped when timer T2 exceeds the value of Ty, Another approach would be to wait until the
timer TO exceeds the value of Tycppap. before ending the upstream chirp. Both conform to the requirements of
the reset protocol in Section 7.1.7.5, and the choice may depend on the particular application.

As soon as the upstream chirp has ended, the device starts listening for the downstream chirp. In order to detect
at least a K-J-K-J-K-J pattern, it first starts looking for a continuously asserted Chirp K. The method employed
in this state diagram is counting the number of K-J transitions. Here K and J are actually Chirp K and Chirp J,
respectively, asserted continuously for at least 2.5 ps (Trpr).

Continuous assertion is determined by the loop between the “Clear timer T4” and “Run timer T4”. This is
similar to the method used in the downstream facing port state diagram in Figure C-1 to detect the upstream
chirp. After this, a continuous Chirp J is detected in the same manner, most likely, even using the same
hardware. Now we have detected one K-J transition, Until we have detected three K-J transitions in the same
way, we will not revert to high-speed.

The whole procedure of detecting the downstream chirp is timed by timer T3 which requires the device to
perform the detection of the K-J-K-J-K-J for at least 1.0 ms, but at most 2.5 ms. If the device is unable to detect
a sufficient number of K-J transitions before the timer T3 times out at Ty, the device enters the full-speed
default state. Reset ends when the bus state changes from SEO to idle. The time Twrys is given a wide range to
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allow sufficient leverage for a device which has awoke from suspend to use its (possible not yet stable) clock to
time this duration reliably.

Reversion to high-speed when the device has detected the K-J-K-J-K-J pattern is accomplished by enabling the
high-speed terminations and disconneeting the pull-up resistor from the D+-line. According to Scetion 7.1.7.5,
you may wait up to 500 ps before actually reverting to high-speed, but in this state diagram, this reversion is
done immediately after detection of three K-J transitions. After this switching of terminations and pull-up, the
device enters the high-speed Default state, The end of reset is signified by the first packet that is received, most
likely an SOF packet,
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abnormal termination sequences, 11.3.3
aborting/retiring transfers
aborting control transfers, 5.5.5
after loss of synchronization, 11.22.2
client role in, 10.5.2.2
conditions for, 5.3.2
message pipes and, 5.3.2.2
packet size and, 5.5.3
Transaction Translator's role, 11.18.6,
11.18.6.1
USBDI role, 10.5.3.2.1
access frequency of control pipes, 5.5.4
Acknowledge packet. See ACKs
ACKs, 8.3.1 Table 8-1
in bulk transfers, 8.5.2, 11.17.1
in control transfers, 8.5.3, 8.5.3.1, 11.17.1
corrupted ACK handshake, 8.5.3.3, 8.6.4
in data toggle, 8.6, 8.6.1, 8.6.2
defined, 2.0 glossary
function response to OUT transactions,
8463
host response to IN transactions, 8.4.6.2
overview, 8.4.5
PING flow control and OUT transactions,
8.5.1,8.51.1
Ready/ACK status, 11.15
in request processing, 9.2.6
AC loading specifications, 7.1.6.2
A connectors. See Series "A" and "B" connectors
AC stress evaluative setup, 7.1.1
actions in state machines, 8.5, 11.15
active devices, defined, 2.0 glossary
active pipes, 10.5.2.2
adaptive endpoints
connection requirements, 5.12.4.4
feedback for isochronous transfers, 5.12.4.2
overview, 5.12.4.1.3
adding devices. See dynamic insertion and
removal
Address device state
bus enumeration process, 9.1.2
overview, 9.1.1.4
standard device requests, 9.4.1t0 9.4.11
visible device state table, 9.1.1 Table 9-1
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Address device state, 9.1.1.4, 9.1.1 Table 9-1,
9.1.2,94.1t09.4.11
aliasing, 8.3.2
assignment
after dynamic insertion or removal, 4.6.3
bus enumeration, 2.0 glossary, 4.6.3, 9.1.2
device initialization, 10.5.1.1
operations overview, 9.2.2
re-enumerating sub-trees, 10.5.4.5
staged power switching in functions and,
7214
time limits for completing, 9.2.6.3
USB System Software role, 4.9
endpoint addresses, 5.3.1, 9.6.6
SetAddress() request, 9.4.6
address fields
address field (ADDR), 8.3.2.1, 8.3.5.1, 8.4.1,
8422
endpoint field (ENDP), 8.3.2.2, 8.3.5.1, 8.4.1
Hub address field, 8.4.2.2
packet address fields, 8.3.2t0 8.3.2.2
ADDR field
overview, 8.3.2.1
token CRCs, 8.3.5.1
in token packets, 8.4.1
Adopters Agreement, 1.4
advancing pipeline pseudocode, 11.18.7
aging, data-rate inaccuracies and, 7.1.11
aliasing addresses, 8.3.2
"all" encoding, 11.18.4
allocating bit times in handshake packets, 11.3.3
allocating buffers. See buffers
allocating USB bandwidth
transfer management, 5.11.1t0 5.11.1.5
USB System role, 10.3.2
alternate settings for interfaces
configuration requirements, 10.3.1
Getlnterface() request, 9.4.4
in interface descriptors, 9.6.5
Setinterface() request, 9.4.10
USBDI mechanisms, 10.5.2.10
USB support for, 9.2.3
American National Standard/Electronic
Industries Association, 6.7.1
American Standard Test Materials, 6.7.1
ANSI/EIA-364-C (12/94), 6.7.1
applications
in source-to-sink connectivity, 5.12.4.4
USB suitability for, 3.3

573

PA_0001783

Huawei v. FISI Exhibit No. 1007 - 601/650



Universal Serial Bus Specification Revision 2.0

architectural overview of USB
architectural extensions, 4.10
bus protocol, 4.4
bus topology, 4.1.1
data flow types, 4.7 t0 4.7.5
hub architecture, 4.8.2.1, 11.1.1, 11.12.2
mechanical and electrical specifications, 4.2 to
422,61
physical interface, 4.2 to 4.2.2
power, 4.3 t04.3.2
robustness and error handling, 4.5t04.5.2
system configuration, 4.6 to 4.6.3
USB devices, 4.1.1.2,4.8t04.8.2.2
USB host, 4.1.1.1, 4.9
USB system description, 4.1to 4.1.1.2
assigning addresses. See addresses; bus
enumeration
ASTM-D-4565, 6.6.3, 6.7.1
ASTM-D-4566, 6.6.3, 6.7.1
asynchronous data transfers, 2.0 glossary, 4.9
asynchronous endpoints
connection requirements, 5.12.4.4
feedback for isochronous transfers, 5.12.4.2
overview, 5.12.4.1.1
asynchronous RA, 2.0 glossary, 5.12.4.4. See
also RA (rate adaptation)
asynchronous SRC, 2.0 glossary. See also SRC
Attached device state
in bus enumeration process, 9.1.2
overview, 9.1.1.1
visible device state table, 9.1.1 Table 9-1
attaching devices. See dynamic insertion and
removal
attenuation, 7.1.17
attributes of devices in configuration descriptors,
9.6.3
attributes of endpoints in endpoint descriptors,
9.6.6
audio connectivity, 5.12.4.4.1
Audio Device Class Specification Revision 1.0,
9.6
audio devices, defined, 2.0 glossary
automatic port color indicators, 11.5.3
available time in frames and microframes
bulk transfers and, 5.8.4
bus bandwidth reclamation, 5.11.5
control transfers and, 5.5.4
interrupt transfer bus access constraints, 5.7.4
isochronous transfers and, 5.6, 5.6.4
AWG, 2.0 glossary, 6.6.2

B

babble
Collision conditions and detection, 11.8.3
defined, 2.0 glossary
EOF2 timing points and, 11.2.5
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babble (continued)
EOF and babble detection, 11.2.5.1
error detection and recovery, 8.7.4
transaction tracking and, 11.18.7
background of USB development, 3.1 to 3.3
backwards compatibility of USB 2.0, 3.1
bAlternateSetting field (interface descriptors),
986.5, 11.23.1
bandwidth
allocating for pipes, 4.4, 4.7.5
bandwidth reclamation, 5.11.5
defined, 2.0 glossary
transfer management, 4.7.5, 5.11.1 to
5.11.1.5,10.3.2
USB system role in, 10.3.2
battery-powered hubs, 7.2.1
bedDevice field (device descriptors), 9.6.1
becdUSB field (device descriptors), 9.2.6.6, 9.6.1,
11.231
bedUSB field (device qualifier descriptors), 9.6.2,
11.231
bConfigurationValue field
configuration descriptors, 9.6.3, 11.23.1
other speed configuration descriptors, 9.6.4,
11.231
B connectors. See Series "A" and "B" connectors
bDescLength field (hub descriptors), 11.23.2.1
bDescriptorType field
configuration descriptors, 9.6.3, 11.23.1
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
endpoint descriptors, 9.6.6, 11.23.1
hub descriptors, 11.23.2.1, 11.24.2.5,
11.24.2.10
interface descriptors, 9.6.5, 11.23.1
other speed configuration descriptors, 9.6.4,
11.231
string descriptors, 9.6.7
bDeviceClass field
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
bDevicePratocol field
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
bDeviceSubClass field
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
"beginning" encoding, 11.18.4
bEndpointAddress field (endpoint descriptors),
96.6, 11.23.1
best case full-speed budgets, 11.18.1, 11.18.4
bHubContrCurrent field (hub descriptors),
11.23.21
bi-directional communication flow, 5.6.2, 5.8.2
big endian, defined, 2.0 glossary
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binterfaceClass field (interface descriptors),
9.6.5, 11.231
binterfaceNumber field (interface descriptors),
9.6.5, 11.23.1
binterfaceProtocol field (interface descriptors),
9.6.5, 11.23.1
binterfaceSubClass field (interface descriptors),
9.6.5, 11.23.1
binterval field (endpoint descriptors), 9.6.8,
11.231
bit cells, decoding, 7.1.15.1
bitmaps of hub and port status changes, 11.12.4
bit ordering, 8.1
bits, defined, 2.0 glossary
bit stuffing
bit stuffing errors, 11.3.3, 11.15, 11.22
bit stuff violations, 8.7.1
calculating transaction times, 5.11.3
defined, 2.0 glossary
high-speed signaling and, 7.1
microframe pipeline and, 11.18.2
overview, 7.1.9
bit times
bit time designations, 11.3
bit time zero, 11.3
before EOF, 11.2.5
in transaction completion prediction, 11.3.3
bLength field
configuration descriptors, 9.6.3, 11.23.1
device descriptors, 9.6.1, 11.23.1
device gualifier descriptors, 9.6.2, 11.23.1
endpoint descriptors, 9.6.6, 11.23.1
interface descriptors, 9.6.5, 11.23.1
other speed configuration descriptors, 9.6.4,
11.23.1
string descriptors, 9.6.7
blinking indicators. See indicators
blocking packets in Collision conditions, 11.8.3
blunt cut termination, 6.4.2, 6.4.3
bmAttributes field
configuration descriptors, 9.6.3, 11.23.1
endpoint descriptors, 9.6.6, 11.23.1
hub descriptors, 11.13
other speed configuration descriptors, 9.6.4,
11.23.1
bMaxPacketSize0 field
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
bMaxPower field, 9.6.3
configuration descriptors, 11.23.1
other speed configuration descriptors, 9.6.4,
11.23.1
bmRequestType field
hub class requests, 11.24.2
overview, 9.3.1
Setup data format, 9.3

bmRequestType field (continued)
standard device requests, 94
bNbrPorts field (hub descriptors), 11.23.2.1
bNumConfigurations field
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
bNumEndpoints field (interface descriptors),
9.6.5,11.23.1
bNuminterfaces field
configuration descriptors, 9.6.3, 11.23.1
other speed configuration descriptors, 9.6.4,
11.23.1
bPwrOn2PwrGood field, 11.11, 11.23.2.1
bRequest field
hub class requests, 11.24.2
overview, 9.3.2
Setup data format, 9.3
standard device requests, 9.4
standard hub requests, 11.24.1
bReserved field (device qualifier descriptor),
96.2
broadcast mode of hub operation, 11.1.2.1
B/S or b/S, defined, 2.0 glossary
bString field (string descriptors), 9.6.7
budgets, best case full-speed budget, 11.18.1,
11.18.4
buffers
buffer impedance, 7.1.1.1
buffer match tests, 11.17.1
bulk/control transfer buffering requirements,
11174
calculating sizes in functions and software,
5114
clearing, 11.17.5, 11.24 2.3
client pipes and, 10.5.1.2.2
client role in, 10.3.3, 10.5.3
defined, 2.0 glossary
elasticity buffer, 11.7.1.3
endpoint buffer size, 4.4
identifying location and length, 10.3.4
interrupt transfers and, 5.7.3
isochronous transfers and, 5.12.4.2
non-periodic transaction buffers, 11.14.1,
11.14.2.2, 11.17, 11.17 4
non-USB isochronous application, 5.12.1
packet buffers, 2.0 glossary
periodic transaction buffers, 11.14.2.1
prebuffering data, 5.12.5
rate matching and, 5.12.8
rise and fall times for full-speed buffers,
7.1.21
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