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11.21.2 Isochronous Split Transaction State Machines

HC_cmd.datapart = alldata

__~ Issue_packet(HSD1, SSPLIT); —all

g

HC_cmd.datapart = enddata

st1/

st4 _ Issue_packet{HSD1, SSPLIT); -- end

HC_cmd.datapart = begindata
Issue_packet(HSD1, SSPLIT); - begin

) HC_cmd.datapart = middata < |
Issue_packet(HSD1, SSPLIT); -- middata |

Issue_packet{HSD1, tokenOUT);

Issue_packet(HSD1, DATAX);

RespondHC(Do_next_cmd);
w»

HC_Do_lsochOSS

Figure 11-86. Isochronous OUT Start-split Transaction Host State Machine
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HSD2.PID = DATAx and HSD2.CRC16 = ok and
split.datapart = enddata and SS_Buff.isochO and
(SS_Buff.lastdata = middata or
SS_Buff.lastdata = begindata)

/  HSD2.PID = DATAx and HSD2.CRC16 = ok and
| split.datapart = middata and SS_Buff.isochO and

(SS_Buff.lastdata = begindata or
| SS_Buff.lastdata = middata)

[ HSD2.PID = DATAX and

| | HSD2.CRC16 = ok and

| split.datapart = begindata and
l (not SS_Buff.isochO)

’
| |
|

kol st2 o

|

,L sti

Aa __——— HSD2.PID=DATAx an
&

| . sel/se2
S

| " HSD2.PID /= DATAX or
HSD2 timeout or
Packet_ready(HSD2)  L15pp CRC16 = bad o
| Bad_lsochOut(SS_Buff, split)

N

TT_lsochOSS_wait _
Wait_for_packet(
HSD2, ITG): y

| TT_Do_IsochOSS

>

Didbad |

Data_into_SS_pipe;

Doend | 55 ByffisochO <= false;
"~ SS_Buff.saw_split <=false;

SS_Buff lastdata <= middata;
SS_Buff.saw_split <= true;
Data_into_SS_pipe;

S8_Buff.isochO <= true;
SS_Buff.lastdata <= begindata;
SS_Buff.saw_split <= true;
Data_into_SS_pipe;

d HSD2.CRC16 = ok and

split.datapart = alldata and (not 8S_Buff.isochO)

Data_into_SS_pipe;

not SS_Buff.isochO

e

SS5_BuffisochO

~ 8S_Buff.isochQ <= false;
Down_error;

Figure 11-87. Isochronous OUT Start-split Transaction TT State Machine

There is a condition in Figure 11-87 on transition sel/se2 labeled “Bad_IsochOut”. This condition is true
when none of the conditions on transitions st1 through st4 are true. The action labeled “Down_error™
records an error to be indicated on the downstream facing full-speed bus for the transaction corresponding

to this start-split.
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»- -

Issue_packet(HSD1, SSPLIT});

RespondHC(Do_complete);

“=»

HC Do _lsochiSS

Figure 11-88. Isochronous IN Start-split Transaction Host State Machine
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HSU2.PID = DATAx and
HSU2.CRC16 = ok

/ HC_Accept_data;

RespondHC(Do_next_cmd);

HSU2.PID = MDATA and
HSU2.CRC16 = ok

HC_Accept_data;

not HC_cmd.last
RespondHC(Do_next_complete);

cd1

J RespondHC(Do_next_cmd);

HSU2.PID = NYET

HC_cmd.last

HSU2.PID = ERR

(HSUZ2.PID = MDATA or
HSU2.PID = DATAX) and
HSU2.CRC16 = bad

Packet_ready(HSU2)

ErrorCount <3
RespondHC(Do comp_immed now);

ErorCount >= 3

Issue_packet(HSD1, tokenIN); &Hsslf;i? ,fg'mx:ﬂ

HSU2.PID /= MDATA and
HSU2.PID /= ERR) or
HSU2.timeout

viki

/
ctt  Issue_packet(HSD1, CSPLIT);

| HC_Do_lsochiCS

Figure 11-89. Isochronous IN Complete-split Transaction Host State Machine

In Figure 11-89, the transition “ce8" occurs when the high-speed handler responds with an MDATA to
indicate there is more data for the full-speed transaction, but the host controller knows that this is the last
scheduled complete-split for this endpoint for this frame. 1f a DATAO response from the high-speed
handler is not received before the last scheduled complete-split, the host controller records an error and
proceeds to the next transaction for this endpoint (in the next frame).

401

PA_0001611

Huawei v. FISI Exhibit No. 1007 - 429/650



Universal Serial Bus Specification Revision 2.0

Data_into_SS_pipe: >

U TT__DoTFsoch 188

Figure 11-90. Isochronous IN Start-split Transaction TT State Machine

~__ token.PID /= tokenIN or
B token.timeout B

cd2 o . B
.'Jf .H--\-“ : '\\
f { T CS_Buff.match.down_result = r_moredata
I,-" J." kY ~_cd1 Issue_packet(HSU1, MDATA);
| .'I 3 \\ k. B \ ".‘
| ! Y = '-,' |
[ “ ce2 CS_Buff.match.down_result = r_lastdata ‘,
| ‘ Issue_packet(HSU1, DATAX); — Data0 ' 'l
|II N\ - i i llII |
\ b \-._ ‘I |
| CS_Buff.match.down_result = r_trans_err \ |
Issue_packet(HSU1, ERR}); N\
\ R \\. { [
P A ll |
'. § N o . % I'ul
| token.PID = tokenIN s~ SR \
I'. . 7 < = — "
;/a':f_ L5 CS_Buff.match.state = no_match
}) . lssue_packet(HSU1, NYET); ar
-__.r N, N - /
\\.. e e - /
_/
CS_Buff.match.state = match_busy 7 g
TT_IsochICS
Figure 11-91. Isochronous IN Complete-split Transaction TT State Machine
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11.21.3 Isochronous OUT Sequencing

The host controller and TT must ensure that errors that can occur in split transactions of an isochronous full-
speed transaction translate into a detectable error. For isochronous OUT split transactions, once the high-
speed handler has received an “SSPLIT-begin" start-split transaction token packet, the high-speed handler
must track start-split transactions that are received for this endpoint. The high-speed handler must track that
a start-split transaction is received each and every microframe until an *SSPLIT-end” split transaction token
packet is received for this endpoint. 1f a microframe passes without the high-speed handler receiving a
start-split for this full-speed endpoint, it must ensure that the full-speed handler forces a bitstuff error on the
full-speed transaction. Any subsequent “SPLIT-middle” or “SPLIT-end" start-splits for the same endpoint
must be ignored until the next non “SPLIT-middle” and non “SPLIT-end” is received (for any endpoint
supporied by this TT).

The start-split transaction for an isochronous OUT transaction must not include the CRCI16 field for the full-
speed data packet. For a full-speed transaction, the host would compute the CRC16 of the data packet for
the full data packet (e.g., a 1023 byte data packet uses a single CRC16 field that is computed once by the
host controller). For a split transaction, any isochronous OUT full-speed transaction is subdivided into
multiple start-splits, each with a data payload of 188 bytes or less. For each of these start-splits, the host
computes a high-speed CRC16 field for each start-split data packet. The TT high-speed handler must check
each high-speed CRC16 value on each start-split. The TT full-speed handler must locally generate the
CRC16 value for the complete full-speed data packet. Figure 11-92 shows an example of a full-speed
isochronous OUT packet and the high-speed start-splits with their CRC16 fields.

If there is a CRC check failure on the high-speed start-split, the high-speed handler must indicate to the full-
speed handler that there was an error in the start-split for the full-speed transaction. If the transaction has
been indicated as having a CRC [ailure (or il there is a missed slart-split), the [ull-speed handler uses the
defined mechanism for forcing a downstream corrupted packet. If the first start-split has a CRC check
failure, the full-speed transaction must not be started on the downstream bus.

Additional high-speed start-split transactions for the same endpoint must be ignored after a CRC check fails,
until the high-speed handler receives either an “SSPLIT-end” start-split transaction token packet for that
endpoint or a start-split for a different endpoint.

2 bytes w/
HS CRC16

<o
~
188 bytes 2 bytes

Figure 11-92, Example of CRC16 Isochronous OUT Data Packet Handling
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21.4 Isochronous IN Sequencing

The complete-split transaction for an isochronous IN transaction must not include the CRCI16 field for the
full-speed data packet (e.g.. only a high-speed CRC16 field is used in split transactions). The TT must not
pass the full-speed value received from the device and instead only use high-speed CRC16 values for
complete-split transactions. If the full-speed handler detects a failed CRC check at the end of the data
packet (e.g., after potentially several complete-split transactions on high-speed), the handler must use an
ERR handshake response to reflect that error to the high-speed host controller. The host controller must
check the CRC16 on each returned high-speed complete-split. A CRC failure (or ERR handshake) on any

(partial) complete-split is reflected by the host controller as a CRC failure on the total full-speed transaction.

Figure 11-93 shows an example of the relationships of the full-speed data packet and the high-speed
complete-splits and their CRC16 fields.

High

Speed

Bus
i : 2+186 bytes w/
sus microfame | | LovEew! || HS CRC16 | byte w/
E12 us microframe | /' pyo'crerg HS CRC16

F uil
Speed
Bus

.C
R
c

T S —
3 bytes 188 bytes

Figure 11-93. Example of CRC16 Isochronous IN Data Packet Handling

11.22 TT Error Handling

The TT has the same requirements for handling errors as a host controller or hub. In particular:

e Ifthe TT is receiving a packet at EOF2 of the downstream facing bus, it must disable the downstream
facing port that is currently transmitting.

e [fthe TT is transmitting a packet near EOF1 of the downstream facing bus, it must force an abnormal
termination sequence as defined in Section 11.3.3 and stop transmitting.

e Ifthe TT is going to transmit a non-periodic full-/low-speed transaction, it must determine that there is
sufficient time remaining before EOF1 to complete the transaction. This determination is based on
normal sequencing of the packets in the transaction. Since the TT has no information about data
payload size for INs, it must use the maximum allowed size allowed for the transfer type in its
determination. Periodic transactions do not need to be included in this test since the microframe
pipeline is maintained separately.

11.22.1 Loss of TT Synchronization With HS SOFs

404

The hub has a timer it uses for (micro)frame maintenance. It has a 1 ms frame timer when operating at full-
{low-speed for enforcing EOF with downstream connected devices. It has a 125 ps microframe timer when
operating at high-speed for enforcing EOF with high-speed devices. It also uses the 125 pus microframe
timer to create a 1 ms frame timer for enforcing EOF with downstream full-/low-speed devices when
operating at high-speed. The hub (micro)frame timer must always stay synchronized with host generated
SOFs to keep the bus operating correctly
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Once the hub detects loss of microframe timer synchronization, its TT(s):

1. Must respond to periodic complete-splits with any responses buffered in the periodic pipeline (only
good for at most 1 microframe of complete-splits).

2. Must abort any buffered periodic start-split transactions in the periodic pipeline.
3. Must ignore any high-speed periodic start-splits.

4. Must stop issuing full-speed SOFs on downstream facing full-speed ports (and low-speed keep-alives
on low-speed ports).

5. Must not start issuing subsequent periodic full-/low-speed transactions on downstream facing full-/low-
speed ports.

6. Must respond to high-speed start-split bulk/control transactions.
7. Buffered bulk/control results must respond to high-speed complete-split transactions.

8. Pending bulk/control transactions must not be issued to full-/low-speed downstream facing ports. The
TT buffers used to hold bulk/control transactions must be preserved until the microframe timer is re-
synchronized. (Or until a Clear_TT_Buffer request is received for the transaction).

Note that in any case a TT must not issue transactions of any speed on downstream facing ports when its
upstream facing port is suspended.

A TT only restores normal operation on downstream facing full-/low-speed ports after both microframe and
frame timers are synchronized. Figure Figure 11-94 summarizes the relationship between high-speed SOFs
and the TT frame and microframe timer synchronization requirements on start-splits.

For suspend sequencing of a hub, a hub will first lose microframe/frame timer synchronization at the same
time. This will cause its TT(s) to stop issuing SOFs (which should be the only transactions keeping the
downstream facing full-/low-speed ports out of suspend). Then the hub (along with any downstream
devices) will enter suspend.

Upon a resume, the hub will first restore its microframe timer synchronization (after high-speed transactions
continue). Then in less than 1 ms (assuming no errors), the frame timer will be synchronized and the TT
can start normal operation (including SOFs/keep-alives on downstream facing full-/low-speed ports).

Microframes
Y, Y, Y. Y, v, v, Y, Y, (Y+1),
SOF o No o SOF SOF SOF SOF SOF SOF
SOF SOF SOF
v v v
Lose Microframe & Frame Microframe Timer Microframe & Frame
Timer Synchronization, Re-synchronized; Timer Synchronized,
Ignore start-splits Frame timer unsynchronized,  Accept start-splits

400

Ignore start-splits

Figure 11-94. Example Frame/Microframe Synchronization Events

PA_0001616

Huawei v. FISI Exhibit No. 1007 - 434/650



Huawei v. FISI Exhibit No. 1007 - 435/650



Huawei v. FISI Exhibit No. 1007 - 436/650



Huawei v. FISI Exhibit No. 1007 - 437/650



Huawei v. FISI Exhibit No. 1007 - 438/650



Huawei v. FISI Exhibit No. 1007 - 439/650



Huawei v. FISI Exhibit No. 1007 - 440/650



Huawei v. FISI Exhibit No. 1007 - 441/650



Huawei v. FISI Exhibit No. 1007 - 442/650



Huawei v. FISI Exhibit No. 1007 - 443/650



Huawei v. FISI Exhibit No. 1007 - 444/650



Huawei v. FISI Exhibit No. 1007 - 445/650



Huawei v. FISI Exhibit No. 1007 - 446/650



Huawei v. FISI Exhibit No. 1007 - 447/650



Huawei v. FISI Exhibit No. 1007 - 448/650



Huawei v. FISI Exhibit No. 1007 - 449/650



Huawei v. FISI Exhibit No. 1007 - 450/650



Huawei v. FISI Exhibit No. 1007 - 451/650



Huawei v. FISI Exhibit No. 1007 - 452/650



Huawei v. FISI Exhibit No. 1007 - 453/650



Huawei v. FISI Exhibit No. 1007 - 454/650



Huawei v. FISI Exhibit No. 1007 - 455/650



Huawei v. FISI Exhibit No. 1007 - 456/650



Huawei v. FISI Exhibit No. 1007 - 457/650



Huawei v. FISI Exhibit No. 1007 - 458/650



Huawei v. FISI Exhibit No. 1007 - 459/650



Huawei v. FISI Exhibit No. 1007 - 460/650



Huawei v. FISI Exhibit No. 1007 - 461/650



Huawei v. FISI Exhibit No. 1007 - 462/650



Huawei v. FISI Exhibit No. 1007 - 463/650



Huawei v. FISI Exhibit No. 1007 - 464/650



Huawei v. FISI Exhibit No. 1007 - 465/650



Huawei v. FISI Exhibit No. 1007 - 466/650



Huawei v. FISI Exhibit No. 1007 - 467/650



Huawei v. FISI Exhibit No. 1007 - 468/650



Huawei v. FISI Exhibit No. 1007 - 469/650



Huawei v. FISI Exhibit No. 1007 - 470/650



Huawei v. FISI Exhibit No. 1007 - 471/650



Huawei v. FISI Exhibit No. 1007 - 472/650



Huawei v. FISI Exhibit No. 1007 - 473/650



Huawei v. FISI Exhibit No. 1007 - 474/650



Huawei v. FISI Exhibit No. 1007 - 475/650



Huawei v. FISI Exhibit No. 1007 - 476/650



Huawei v. FISI Exhibit No. 1007 - 477/650



Huawei v. FISI Exhibit No. 1007 - 478/650



Huawei v. FISI Exhibit No. 1007 - 479/650



Huawei v. FISI Exhibit No. 1007 - 480/650



Huawei v. FISI Exhibit No. 1007 - 481/650



Huawei v. FISI Exhibit No. 1007 - 482/650



Huawei v. FISI Exhibit No. 1007 - 483/650



Huawei v. FISI Exhibit No. 1007 - 484/650



Huawei v. FISI Exhibit No. 1007 - 485/650



Huawei v. FISI Exhibit No. 1007 - 486/650



Huawei v. FISI Exhibit No. 1007 - 487/650



Huawei v. FISI Exhibit No. 1007 - 488/650



Huawei v. FISI Exhibit No. 1007 - 489/650



Huawei v. FISI Exhibit No. 1007 - 490/650



Huawei v. FISI Exhibit No. 1007 - 491/650



Huawei v. FISI Exhibit No. 1007 - 492/650



Huawei v. FISI Exhibit No. 1007 - 493/650



Huawei v. FISI Exhibit No. 1007 - 494/650



Huawei v. FISI Exhibit No. 1007 - 495/650



Huawei v. FISI Exhibit No. 1007 - 496/650



Huawei v. FISI Exhibit No. 1007 - 497/650



Huawei v. FISI Exhibit No. 1007 - 498/650



Huawei v. FISI Exhibit No. 1007 - 499/650



Huawei v. FISI Exhibit No. 1007 - 500/650



Huawei v. FISI Exhibit No. 1007 - 501/650



Huawei v. FISI Exhibit No. 1007 - 502/650



Huawei v. FISI Exhibit No. 1007 - 503/650



Huawei v. FISI Exhibit No. 1007 - 504/650



Huawei v. FISI Exhibit No. 1007 - 505/650



Huawei v. FISI Exhibit No. 1007 - 506/650



Huawei v. FISI Exhibit No. 1007 - 507/650



Huawei v. FISI Exhibit No. 1007 - 508/650



Huawei v. FISI Exhibit No. 1007 - 509/650



Huawei v. FISI Exhibit No. 1007 - 510/650



Huawei v. FISI Exhibit No. 1007 - 511/650



Huawei v. FISI Exhibit No. 1007 - 512/650



Huawei v. FISI Exhibit No. 1007 - 513/650



Huawei v. FISI Exhibit No. 1007 - 514/650



Huawei v. FISI Exhibit No. 1007 - 515/650





