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9
State Machine of the TFO_Protocol Process

A State Machine, consisting of 15 States can describe the TFO_Protocol Process: Five main States with several sub-States:

Initialisation 
(( Not_Active,   ( Wakeup).

Establishment
(( First_Try,  ( Continuous_Retry,  ( Periodic_Retry,  ( Monitor,  ( Mismatch).

Contact
(( Contact).

Konnect
(( Konnect).

Operation
(( Operation).

Exception handling needs further States (see figure 1/§9):

Local Handover
(( Fast_Try,  ( Fast_Contact).

Distant Handover
(( Sync_Lost,  ( Re_Konnect).

Misbehavour
(( Failure).

It is assumed that Events (Conditions checking, Actions and Transition to an other State) are handled almost instantaneous and in any case significantly shorter than the time required completing the transmission of any one TFO Message or TFO Frame.

The initial state of the TFO_Protocol shall be Not_Active.



Figure 1/§9: TFO_Protocol State Machine with most important transitions
9.1
Initialisation

9.1.1
Not_Active State

The TRAU in Not_Active receives and sends the PCM_Idle patterns from and onto the A interface. Similarly, it receives and sends Abis_Idle patterns from and onto the Abis/Ater interface. This is not described further. 

The TRAU may also be in Data mode, which is also not described further, but is handled here as "Not_Active".

If PCM_Non_Idle patterns are received prior to TRAU Speech Frames, then these PCM_Non_Idle patterns shall be ignored - even if they contain possibly TFO Messages.

9.1.2
Wakeup State

The Wakeup State is entered, when the TRAU is activated by receiving uplink TRAU Speech Frames on the Abis/Ater interface.
The TRAU shall stay in the Wakeup State as long as TFO is not enabled and/or shall return to the Wakeup State when TFO is disabled.
If TRAU Speech Frames are received, then the decoded PCM samples are sent to the A interface. If the TRAU receives PCM_Idle patterns from the A interface, this Wakeup State may last for some while, until the normal (tandem) call connection is established and PCM_Non_Idle samples are received. 
If the TFO_Enable command is received, but PCM_Idle are received from the A interface, the TRAU shall stay in Wakeup state and shall wait for PCM_Non_Idle samples. 
The transition to Establishment is performed, if PCM_Non_Idle patterns are received and TFO is enabled. This is the point in time where the time out for TFO Messages starts, i.e. a maximum number of TFO_Req Messages shall be sent after that.

9.2
Establishment

The Establishment includes several slightly different situations:

First_Try
when the TRAU just has started; it sends TFO_REQ Messages continuously;

Continuous_Retry
when Contact to a TFO Partner has existed but was interrupted recently;

Periodic_Retry
when Contact to a TFO Partner had existed but was interrupted some time ago;

Monitor
when no TFO partner could be found but the TRAU continues to monitor the A Interface;

Mismatch
when a TFO partner with a different Codec Type (or different ACS in case of AMR) has been identified.

Loopback is a specific situation, when the call is still not through connected and the TRAU receives its own sent signals. No specific State is allocated to describe this situation. Instead, loopback is handled in First_Try and Continuous_Retry.

Common to all these situations is that the TRAU does not know, if there is a distant TFO partner and/or if the links are digitally transparent. Typically, TFO_REQ Messages are sent and expected.

Due to handover cases it might, however, happen that a TRAU is initialised into an existing connection and therefore the other TFO Partner may be in any State and all other TFO Messages may be received, too.

Especially important is, when TFO Frames are received, since then it can be assumed that an existing TFO Connection was handed over to a newly initialised TRAU and the TFO should be continued - if possible uninterrupted - as soon as possible. The TRAU may see from the TFO Frames the Distant_Used_Codec of a GSM Partner and that the receiving path is digitally transparent, but it can not assume that the path to the other TRAU is also (already) transparent. TFO_Protocol enters the exceptional State: Fast_Try, sending a specific, short TFO_DUP Message to test the other direction.

9.2.1
First_Try State

The TRAU sends and receives PCM samples on and from the A interface. Regular TFO_REQ Messages are sent onto the A interface continuously for a certain maximum time. After that, if no TFO Partner answers before, Tx_TFO reports a Runout of TFO Messages, and TFO_Protocol enters automatically into the Monitor State.

If TFO_REQ Messages are received with the same, own Signature, then a circuit loop back is assumed, i.e. the call is still not through connected. The TRAU selects a new Signature and continues sending TFO_REQ Messages, until a different Signature is received. Since loop back delays may be substantial in some cases, the TRAU has to remember and compare also the previously selected own Signature. Care has to be taken that the Signature selection contains a true random element to avoid that two different TRAUs select by coincidence identical signatures again and again.

When the TRAU receives a TFO_REQ with an apppropriate signature and TFO is possible, it enters the Contact State.

9.2.2
Continuous_Retry State

TFO Contact had existed, either by TFO Messages or by TFO Frames, but was interrupted and sync was lost. The TRAU sends a maximum number of regular TFO_REQ Messages continuously, to test, if TFO could be re-established. If Tx_TFO reports a Runout of TFO Messages, then the TFO_Protocol enters the Periodic_Retry State.

9.2.3
Periodic_Retry State

Entered from Continuous_Retry, TFO_Protocol tests from time to time by a single TFO_REQ_L, if TFO could be re-established. As soon as a TFO Message is received, TFO_Protocol leaves this State.

NOTE:
Since no contiguous transmission of TFO Messages is ongoing, possible IPEs may be unsynchronized.

9.2.4
Monitor State

The TRAU monitors the A interface for TFO Messages or TFO Frames, but it does not send TFO Messages or TFO Frames. As soon as a TFO Message from a distant partner (a TRAU or a TCME) has been received, the TRAU knows that a TFO Partner exists and it knows that the transmission path from the partner is digitally transparent. 

The TRAU may already now see, whether TFO is possible, but it must ensure that all IPEs are synchronised. It therefore transits into the Continuous_Retry State. In case of Codec Type Mismatch or ACS mismatch in case of AMR, it terminates the TFO Protocol by sending TFO_REQ_L back, informs its local BSS and transits into Mismatch.

NOTE:
Since no contiguous transmission of TFO Messages is ongoing, possible IPEs may be unsynchronized.

9.2.5
Mismatch State

From a previous contact it is obvious, that a distant TFO Partner exists, but the Codecs do not match.

The TRAU waits without sending TFO Messages or TFO Frames until the Codec Type or Codec Configuration Mismatch is resolved.

NOTE:
Since no contiguous transmission of TFO Messages is ongoing, possible IPEs may be unsynchronized.

9.3
Contact State

There is a distant TFO Partner, which has sent TFO_REQ. The Codecs do match and the ACSs are correct (see sub-clause 12.5.3). The link from the distant partner is transparent. Now TFO_ACK need to be sent to check the transparency of the link to the distant partner.

As soon as a TFO_ACK or TFO_TRANS from a distant partner has been received, the TRAU knows that the links in both directions are digitally transparent. The TRAU sends TFO_TRANS to bypass the IPEs and starts sending TFO Frames. It transits into Konnect State.

9.4
Konnect State

The TRAU sends TFO Frames and possibly embedded TFO Messages as long as it receives correct TFO Messages. 

The first received TFO Frame causes the transition into the Operation State.

If no TFO Frames are received within a certain period, the TRAU transits to the Failure State.

9.5
Operation State

In this State - the Main State of TFO_Protocol -  the TRAU sends and receives TFO Frames, thus the TFO Connection is fully operating. TFO Messages may occur embedded into TFO Frames.

9.6
Local Handover

9.6.1
Fast_Try State

When the TRAU in First_Try receives suddenly TFO Frames and the Codecs do match (the ACSs must be correct also in case of AMR, see subclause 12.5.3), then there is a high probability that a local handover has initialised the TRAU into an existing TFO connection and a fast TFO establishment is likely. The TFO_Protocol has still to check, whether the link to the distant TFO Partner is (already) transparent. This is done by the specific TFO_DUP Message.

Since the handover must have been a local handover, i.e. close to the (new) TRAU, it can be assumed that the possibly existing IPEs are still in transparent mode and TFO Messages therefore pass through directly.

9.6.2
Fast_Contact State

This State is entered from First_Try via Fast_Try, if TFO Frames and then TFO_SYL Messages are received. The TRAU continues to send TFO_DUP Messages, until TFO Frames are received again. Then it immediately starts to send TFO Frames, with a TFO_TRANS embedded into the first TFO Frames. The TRAU transits directly to Operation State.

9.7
Distant Handover, TFO Interruption

9.7.1
Sync_Lost State

If the TRAU was in Operation State and suddenly the TFO Frame synchronisation is lost, then the TRAU enters the Sync_Lost State for a short while, before it transits to Continuous_Retry.

If synchronisation was lost due to a distant handover, then a fast TFO establishment might be possible and the TRAU enters Operation State soon again. In Sync_Lost it expects TFO_DUP Message as confirmation of the distant handover. Then it transits to Re_Konnect.

9.7.2
Re_Konnect State

This State is entered from Operation via Sync_Lost, if  TFO_DUP Messages are received. The TRAU starts immediately to send TFO Frames again, with a TFO_TRANS embedded into the first TFO Frames. The TRAU transits back to Operation State, as soon as TFO Frames are received, again.

9.8
Failure State

This State is entered when the distant partner shows an incorrect behaviour. The TRAU then sends pure PCM samples onto the A interface and waits for the failure to disappear. It does not send TFO Frames or TFO Messages.
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