P1394b Start-up

Colin Whitby-Strevens and friends

1.0 Introduction

This document outlies a start-up procedure for P1394b links. It is independent abtheg scheme
used, though it indicates some requirements onsading schemes.

The goal is to start up in Beta mode if both ends of a ceeshéok are Beta capable, otherwise start up
in DS-Link mode. Normal bus reset, tree-ID, self-ID and normal operatiofollalv AFTER this start-
up procedure. The technique aims to be as sympatwith the current 1394 philosophypasssible.

2.0 Requirements

1.
2.
3.

To start up as a DAk if either end of the link is not Betapable
To start up in Beta mode if both ends of the link are Beta capable

To start up in Beta mode at the maximum Baud rate which is acceptable to both erdsifthes a
single speed of operation in terms of Baud rate, but withesform of padding to support lower
speed data rates.)

. To support the higher speed copper links being defined with P1394b, including speed determination/

negotiation

. To support a range of transceivers, which maye lowermaximumcapable speed than the PHY

device (see model below)

6. To start up with no user intervention or configuration

7. To allow existing industry-ahdard transceiver interfaces to be exploited.

3.0 Model

The following reference odel is proposed, to defirtbe inteoperabilityinterfaces and as laasis for
understanding the relatships between tHeMD and P1394b specifications.
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This model is intended to carry the following implications and non-implications:-

1. A new reference point defined, called PMII (Physal Medialndependent Interface). The current
P1394b work defines everything towards the PHY from thisfaxte, the new PMBubgoup
defines everything towards the medium from thterface.

2. Thereis one specification for PMII, butaange of specifications for 1394b-n (n is used to distinguish
one from another).

3. The PMD-n transceivers are unintelligent and unconfigurable. The roleasisaeiver is to convert
betweerthe signals proded by the PMII and a suitabi@mat for long distace tansmission.

4. The PMII electrical specifation is the specificationuerently being defied within P1394lfor S800
and upwards short coppenks. In this ase, the PMD transceivernsill, and the PMII = 1394b-N,
(where N is the value of n which identifies this interface).

5. The PMII may or may not beornectorised. When conrtedsed, it uses thstandard 1394
connector.

6. The following packaging options are perexlt (non-exhaustive list):-

* The extenalinterface of thalevice isthe current 1394 connector. A short 1394 copper cable leads to
a dongle, which converts to an appropriate opticariate and a short optical cable is terminated in
an optical connector.

* As above, with the optical cable replaced by a long-haul copper cable (e.g. UTP-5).

* The external interface of tlievice is the current 1394 comwta. A 1394 copper cable leads to an
active wall plate wittanother 1394 connector, the transceiver, and connectionstadiéd fibre (or
long-haul copper)

* The external intéace of the device is appropriate optical or long haul coppenaoectorThe long
reach tansceiver is internal to the device, tidIHs not mnnectorised and may babsumed whin
an integrated implementation.

7. The speed capabilities of the PHY may exceed the speed capabilities of the PMD transceiver. The
PHY needs to discover th@andwidth @pabilities of the channel with no user invohent.

8. The start-up procedure is therefore defined across the PMII.
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4.0 Proposed procedure

The 1394-1995 imtrface uses both the TPA and TPB pairtransmission and reception of datayad

as for digital DC arbitration signalling. Common mode signalling is performed with respect to a bias
voltage generated on TPA. Thisltage is sensed on TPB as@nection indication. Current is also
drawn at TPB Wich is sensed as a voltagmp at TPA for speed siglling.

It is required that the PMII supports these facilitieshangedvhen the PHY is operating as a DS link.

In Beta mode, data is transmitted on TPB and received on TPA. In addition, the potential use for optical
transmission implies either (i) there is no DC signalling adfes$MII, or (ii) more intelligence has to

be built into the transceiver. The second option can be held in reserve, Wiuttioption is to be
preferred.

The power-on start-up procedure for adBegpable PHY proceedéiough the following states

1. Determination of theonnection status (the other end is a@fy link, a Beta-capablerk, or disa-
bled or unconnected)

2. (If both ends ar®eta cpable) speed determination, bit synchronisation at theedgspeed and
symbol alignment

3. Tree-1D etc.

After state 2normaloperation of the link is comtuous. A procedure is defined for recovBom loss
of synchronisation, grocedure idefined to mentain a connetion in a low-power mode, where
transmission isnot continuous, and a procedure is definedd&iermine disconnecin. After
disconnection, the PHY enters await connection” state (see below).

4.1 Connection status

This state determines whether:-
1. the link is connected to an enabled port on a DS-Link only device, if so, start-up is as per P1394a

2. the link is connected to an enabled port on a Befmbledevice, if so, enteBeta Mode speed
determinaton, see below

3. the portis unconnected, or connected to a disabled port, so erdgvaattOnnection” state

The use of TpBias is restricted to itse as specified for 1394-1995 DS Link signalling. A Beta capable
link does not, initially, gnerate TpBias on TPA. In Beta Mode, TPA will alwaysvide termination for
reception of the high-speed data, and will not supply an electrical signal.

On power on, a Beta capable PHY should faithe TpBias dbounce time, and then chdok TpBias

(on TPB) on each of its ports. TpBias issensed, this implies that the port at the “other” end is a DS-
Link only device and is enabled. The PH&mgrées TpBias on TPA and the port starts up in DS mode
as per P1394a (reset, €D, Self-ID and normabperation).

If TpBias isnot sensed, thensensing dne is tansmited (e.g. 125 MHz)and listened for. If, at any
time, TpBias is sensed, then this mdare is abandoned (this will occur if a-08ly device is switched
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on and itsport enabled justfeer the Beta-capabldevice is turned on). Th®ne is tansmited for a
defined period of time long enough t@vercome the time constants in the PMD. 5.0 usec is proposed,
but needs to bealidated by the PM@roup as being sufficient to overcome the time constants in all
anticipated PMDs.

If a tone is received, then this confirtha&t the “other'end is Betaapable. The PHYs at both ends enter
speed derminationstate.

Care must be taken when specifying the frequency of the tone that it will lembtmgh in frequency to
pass through the slowest PMD, but not so low as to keawted by th@ass-band of a very high
frequency PMD.

4.2 Speed determination, bit synchronisation and symbolighment

This is largely stillopen, and requires further study. The PHYs camaxge information ging their
maximum operatingpeed, but this does not deal with greblem of a slowetransceiver. A possible
method which includes @ude transceiver test is described below.

Three symbol sequences dedfined - S1, S2 and S3. For ease of understanding deoresich sequence
as four 10-bit gmbols. The choice of symbotepends on theoding scheme to badopted. Each
sequence has the property that the PHY mariorm ymbol alignment by examination of the bit-
patterns within the sybwols.

The ability to transmit and receive at a lowest owon denominator speed is established first.

The sequence S1 isransmitted rpeatedly at the “B)0-equivéent” rate (122.88 MBaud).
Simultaneously, the sequence is listened for. The regegréarms gmbol alignment until it can oeive
the sequence successfully.

The exchange of S1 continues for long enough to provide a sufficient level of caefighethe link
signalling integrity. The PHY thertransmits SZepe#edly to confirm “god” reception, and awaits
reception of the S2 sequence. If the PHY is capable of a higher speed, ratisenits S3 @eaedly,
otherwise it ontinues to transmit S2. If it is capable of a higher speed, and it receivesdbgqugBice,
then it starts to transnthie S1 sequence at the S200 equivaksiet and &&mpts to lock onto peption

at this rate. don succesful receptionfor a defined period of time, the PHY confirms reception by
changing the transmitted patth to S2. The process repeats torteet highest speed.

In the event that transmiss isnot succedslly received, then the PHY reverts to the lower speed. Care
needs to be taken to deal with the case when the tramemis©K in one direction butot the other.

The result of this procedure is bi-directional transmrsst the maximumate acceptable to the PHY's,
the transceivers and the mediugit. alignment and symbol alignment is achieved.

Upon completion of th@rocedure, the PHYommences to transmit IDLE symbolscaxling to the
coding scheme beingsed. The PHY also sets the Bias bit (simulating TpBiagherPHY-LINK
interfacespecification), withthe consequent implications for tGen bit.
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4.2.1 Choice of sequences

The properties required of a sequence are
1. Each sequencéauld be DC baleced
2. Each sequenceust provide suitable pgatrnsfor symbol alignment

We have noexamned the use of 4B5B coding, but aigatte that a suitable set of sequences can be
defined.

In the case of the IBM 8B10B code, then the Fibre Chamirelitive sejuences OLS (for S1), LR (for
S2) and LRR (for S3) are suitable. Nditat by using these sequesgthe procedure is similar to the
Fibre Channel start-up procedure. However, it differs as Fibre Channel dbes/addprovide a speed
determination function.

In the case of the Coles 8B10B code, then S1 can haverth&Cl, £2, SC1, SC2; S2 can have the
form SC1, SC1, SC2,(; and S3 can have the form SC1, SC2, SC2, SC2. (SC1 is thattbin
1010101010, and SC2 is thé patern 0101010101). Notdat SC1 is also saible as the tone used
during Connetion Satus.

4.3 Await connection
The Beta capable PHY has received neithepBids signal nor tone.

It transmits a tone for a period of n microseconds (we propose n=>5). This i®dege@mtervals of 60n
(say) microsecondntil gther a tone iseard or TpBias is detesel on TPB. If a tone is heard, then the
speed determination procedure is entered (see above). If TpHeteeded, thenBias is genated on
TPA and start-up is as per 1394-1995 for DS-Links.

This scheme has been chosen done to avoid exces&kgy deing transmitted into an unterminated
cable. This would be necessdoy a UTP 1394 link, but could also besansible move foany 1394b
copper link.

A further consideration is the use of “sleapbdes, and the need to be able to detect a wake-up signal
without requring the PHY to be powered all the time. This may be achievable eith@y &ysignal
detect” signal from the transceiver (commutéchto the PHY by usingosne form of TpBias-type
signal) or (ii) by having a low level active circuit whichn respond to theeception of the tone and
wake up the rest of the PHY. The second option is preferable.

5.0 Loss of synchronisation

This is a topic for further study. However, a gooattstg point isthe Fbre Channel state machine,
which provides hystesis onthe detection of an errde.g. an invalid symbol, cexcessiveunning
disparity), such that syhmnisation is maintained unless a rap&uence of errors is detected. The
PHY transmits an indication ob$s of synchronisation (with the IBM 8B10Bde this could be the
NOS primitive sequence, with the Coles 8B10B ctiile could be the S1 geence).The PHY enters
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the speed detelimation state on loss of synchronisation and on receifhieofoss ofsynchronisation
indication.

6.0 Analysis

We analyse various scenarios, to ensure that the system will work with DS-Link only PHYs and Beta
capable PHYs.

6.1 Local Beta Capable to RemotdDS-only - local on first

The local PHY sees no TpBias, amteives no tone. It drops into Await Connection status. When the
remote PHY is powered on/enabled, it transriip8ias. Thelocal PHY enters DS link mode. The
remote PHY may see a tone on TPA when it powers on. This @pgdar as RX_REQUEST or
RX_CHILD_HANDSHAKE. However, the remote PHYheuld ighore these asoise, aghe tone will

be removed by the local PHY before it asserts TpBias.

6.2 Local Beta Capable to RemotdDS-only - remote on first

The local PHY immediately (after thepBiasdebounce time) sedpBiaswhen turned on, enters DS-
Link mode and turns on TpBias. The remote PHY sensespB&3 generated by the local PHY.

6.3 Local Beta Capable to RemotddS-only - both on, connection made last

The local PHY will be in the Await Connection state.go®n as theonnection is made, the local PHY
immediately (after the TpBias debouncend) seesTpBias, ceases transmission of tlome (if
necessary), and enters DS-Limlode. The nmote PHY senseabe TpBias gnerated by thiocal PHY.
Prior to this, the remotBHY may first see a tone on TPA. Thisuld appear alRX REQUEST or
RX_CHILD_HANDSHAKE. However, the remote PHYheuld ighore these asoise, aghe tone will
be removed by the local PHY before it asserts TpBias.
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