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9
TFO State Machine

…

9.3
Contact State

In this state the TFO_Protocol knows that there is a distant TFO Partner, which has sent TFO_REQ. The Codecs do match and the ACSs are compatible. 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.
After the exchange of TFO_REQ and/or TFO_ACK messages, it may become obvious that a preferred TFO configuration is possible after performing a handover at the local and/or the distant side. In particular, this is the case when both sides support AMR-WB that allows TFO but one of both sides is currently using AMR-NB. In this case, the TFO protocol stays in the Contact state as long as the preferred TFO configuration is reached. After the handover(s) are completed, the normal protocol flow continues
As soon as a TFO_ACK or TFO_TRANS from a distant partner has been received, the TC knows that the links in both directions are digitally transparent. In the case of a Non_AMR Codec Type the TC sends TFO_TRANS to bypass the IPEs and starts sending TFO Frames, and the TFO_Protocol transits into Konnect State. In the case of an AMR Codec Type the TC sends a Rate Control Command downlink to its BTS/RNC in order to steer the uplink Codec Mode down to the TFO_Setup_Mode for a safe TFO Setup. Additionally, TFO_ACK is sent to the distant TFO Partner and the TFO_Protocol transits into the Wait_RC State.

10
Detailed Description of the TFO Protocol

…

10.2.1
Conditions for TFO_REQ, TFO_ACK, TFO_REQ_L, TFO_ACK_L, New_Local_Codec, New_Local_Config, Distant Config

In the context of TFO_REQ, TFO_ACK, TFO_REQ_L, TFO_ACK_L, New_Local_Codec, New_Local_Config, Distant_Config the following conditions are used:

A_TP (AMR_TFO_Possible)
This condition is fulfilled if an AMR codec type is used and the TFO decision algorithms results in an immediate TFO situation. According to clause 11.2.3 these immediate TFO situations are:

· Immediate TFO with LACS==DACS

· Immediate TFO with FR – HR – Matching

· Immediate TFO with IACS == OACS

· Immediate TFO with the IACS is a subset of the OACS

NA_TP (Non_AMR_TFO_Possible)
This condition is fulfilled if a non-AMR codec type is used and the distant used codec type is equal to the local used codec type (Duc==Luc).

TM (TFO_Mismatch)

This condition is fulfilled if the TFO decision algorithm does not result in an immediate TFO situation. This is the case in the following situations:

· The local and distant side use incompatible codec types.

· Both sides use compatible AMR codec types and the OACS doesn't exist or the OACS isn't acceptable (Codec Mismatch Resolution has to be invoked).

· Both sides use compatible AMR codec types and the OACS is acceptable for TFO, but first the ACS has to be changed to the OACS.

IACO (Immediate_AMR_Codec_Type_Optimisation)

This condition is fulfilled during an ongoing Immediate AMR Codec Type Optimisation. It indicates that the local and/or the distant side is in the process of changing the codec type from AMR-NB to AMR-WB (or vice versa) before going into TFO. According to clause 11.7.2 Immediate AMR Codec Type Optimisation is ongoing if:

· Both sides indicate support for Immediate AMR Codec Type Optimisation, i.e., indicate support for AMR-WB when using AMR-NB or vice versa.
· The Active Codec Sets (ACS) and/or the Supported Codec Sets (SCS) allow TFO using AMR or AMR-WB

· One of both sides has not yet changed to the preferred codec
10.4
Detailed Description of the Events

Table 10.4-1 lists all events of the Protocol Tables.

Table 10.4-1: Events of the State Machine Description

	#
	Event
	Description

	1
	TFO_Enable
	The event TFO_Enable occurs when all TFO parameters get available in the transcoder and the controlling entity enables TFO. In GSM, it means that the TFOE bit of AMR TRAU Frames toggles from '0' to '1'. Enabling TFO might involve a proprietary process not further addressed in the present document.

	2
	New_Speech_Call
	This event occurs when a new speech call is set-up or the TRAU/TC is re-initialised (e.g. after a handover failure). In GSM, this means that the transcoder is initialised by the BTS by two consecutive TRAU frames with identical codec types (GSM_FR, GSM_HR, GSM_EFR) or by a config frame (AMR codec types). In 3G, this means that the Iu User Plan is initialised.

	3
	TFO_Disable
	The event TFO_Disable occurs when TFO is disabled by the controlling entity.
In GSM, the TFO_Disable event is also controlled by the TFOE bit of AMR TRAU Frames.

	4
	TRAU_Idle
	This event occurs when the transcoder is set into idle mode.

	5
	PCM_Non_Idle
	The event PCM_Non_Idle occurs if more than one PCM samples are received that are different to PCM_Idle.

	12
	TFO_Frame and

Match_1
	This event means that a valid TFO Frame was received by the transcoder and the condition Match_1 is fulfilled.

	17
	TFO_Frame and

Match_2
	This event means that a valid TFO Frame was received by the transcoder and the condition Match_2 is fulfilled.

	38
	TFO_Frame and

Mismatch_1
	This event means that a valid TFO Frame was received by the transcoder and the condition Mismatch_1 is fulfilled.

	39
	TFO_Frame and

Mismatch_2
	This event means that a valid TFO Frame was received by the transcoder and the condition Mismatch_2 is fulfilled.

	13
	New_Local_Codec and

(NA_TP | A_TP)
	This event occurs when the local used codec type changes and either the condition NA_TP or the condition A_TP is fulfilled.

	15
	New_Local_Codec and

TM
	This event occurs when the local used codec type changes and the condition TM is fulfilled.

	14
	New_Local_Config and

(NA_TP | A_TP)
	This event occurs when an AMR codec type is used and the local codec configuration changes and the condition A_TP is fulfilled.

	16
	New_Local_Config and

TM
	This event occurs when an AMR codec type is used and the local codec configuration changes and the condition TM is fulfilled.

	32
	RC_ack
	This event (rate control acknowledgement) occurs when an acknowledgement to the RCi action is received from the BTS/RNC indicating that the rate control command was understood (TFO_Soon acknowledgement in GSM, Rate_Ack in UMTS). 

	
	
	

	
	
	

	40
	New_Local_Codec_List
	This event occurs when the local codec list changes.

	41
	Data_Call
	This event is only relevant for GSM systems. It occurs when the transcoder is informed that a Data Call is set-up.

	44
	Runout
	The event Runout occurs when the last TFO message has been taken from the Transmit Queue and the last 10 bits are going to be sent. So there is still some time for TFO_Protocol to react and place a further TFO Message in the Transmit Queue, which then shall be transmitted without gap to the messages before.

	45
	T==0
	This event occurs when a time-out has been reached.

	46
	Frame_Sync_Lost and

n<3
	This event occurs when the TFO frame synchronisation is lost for the first or the second time. For further details see Annex C.

	47
	Frame_Sync_Lost and

n>2
	This event occurs when the TFO frame synchronisation is lost for more than two times. For further details see Annex C.

	48
	Mes_Sync_Lost
	This event corresponds to a loss of TFO message synchronisation. For further details see Annex C.

	35
	Handover_Soon and

(NA_TP | A_TP)
	This event occurs when the TRAU/TC is informed that a local hand-over will soon take place and either the condition NA_TP or the condition A_TP is fulfilled.

	36
	Handover_Soon and

TM
	This event occurs when the TRAU/TC is informed that a local hand-over will soon take place and the condition TM is fulfilled.

	6
	TFO_REQ and

(NA_TP | A_TP)

Dsig==Lsig
	This event occurs when a TFO_REQ message is received, either the condition NA_TP or the condition A_TP is fulfilled and the distant signature is equal to the local signature.

	7
	TFO_REQ and

NA_TP and

Dsig==Old_Sig
	This event occurs when a TFO_REQ message is received, the condition NA_TP is fulfilled, and the distant signature is equal to the old signature.

	8
	TFO_REQ and

(NA_TP | A_TP) and

Dsig!=Lsig and

IACO==0
	This event occurs when a TFO_REQ message is received, either the condition NA_TP or the condition A_TP is fulfilled, the distant signature is different from the local signature, and Immediate AMR Codec Type Optimization is not ongoing.

	24
	TFO_REQ and

TM and

Dsig==Lsig
	This event occurs when a TFO_REQ message is received, the condition TM is fulfilled, and the distant and the local signatures are equal.

	25
	TFO_REQ and

TM and

Dsig!=Lsig and

IACO==0
	This event occurs when a TFO_REQ message is received, the condition TM is fulfilled, the distant signature is different from the local signature, and Immediate AMR Codec Type Optimization is not ongoing.

	9
	TFO_ACK and

NA_TP and

Dsig==Lsig
	This event occurs when a TFO_ACK message is received, the condition NA_TP is fulfilled, and the local and distant signatures are equal.

	10
	TFO_ACK and

(NA_TP | A_TP) and

Dsig!=Lsig
	This event occurs when a TFO_ACK message is received, either the condition NA_TP or the condition A_TP is fulfilled, and the distant signature is different from the local signature.

	26
	TFO_ACK and

TM and

Dsig==? And

IACO==0
	This event occurs when a TFO_ACK message is received, the condition TM is fulfilled, and Immediate AMR Codec Type Optimization is not ongoing. The distant signature is ignored for this event.

	31
	TFO_ACK and

A_TP and

Dsig==Lsig and

IACO==0
	This event occurs when a TFO_ACK message is received, the condition A_TP is fulfilled, the distant signature is equal to the local signature, and Immediate AMR Codec Type Optimization is not ongoing.

	11
	TFO_TRANS and

Luc != AMR and

DCh==LCh
	This event occurs when a TFO_TRANS message is received when a non-AMR codec type is used on the local side and the distant and local channel types do match.

	30
	TFO_TRANS and

Luc == AMR and

DCh==LCh
	This event occurs when a TFO_TRANS message is received while a AMR codec type is used and the distant and local channel types do match.

	37
	TFO_TRANS and

DCh!=LCh
	This event occurs when a TFO_TRANS message is received and a channel mismatch occurs.

	18
	TFO_SYL
	This event occurs when a TFO_SYL message is received.

	19
	TFO_DUP
	This event occurs when a TFO_DUP message is received.

	20
	TFO_REQ_L and

(NA_TP | A_TP) and

Dsig==Lsig
	This event occurs when a TFO_REQ_L message is received, either the condition NA_TP or the condition A_TP is fulfilled, and the local signature is equal to the distant signature.

	21
	TFO_REQ_L and

(NA_TP | A_TP) and

Dsig!=Lsig
	This event occurs when a TFO_REQ_L message is received, either the condition NA_TP or the condition A_TP is fulfilled, and the local and distant signatures are different.

	27
	TFO_REQ_L and

TM and

Dsig==Lsig
	This event occurs when a TFO_REQ_L message is received, the condition TM is fulfilled, and the local and distant signatures are equal.

	28
	TFO_REQ_L and

TM and

Dsig!=Lsig
	This event occurs when a TFO_REQ_L message is received, the condition TM is fulfilled and the local and distant signatures are different.

	22
	TFO_ACK_L and

(NA_TP | A_TP) and

Dsig==Lsig
	This event occurs when a TFO_ACK_L message is received, either the condition NA_TP or the condition A_TP is fulfilled, and the local signature is equal to the distant signature.

	23
	TFO_ACK_L and

(NA_TP | A_TP) and

Dsig!=Lsig
	This event occurs when a TFO_ACK_L message is received, either the condition NA_TP or the condition A_TP is fulfilled, and the local and distant signatures are different.

	29
	TFO_ACK_L and

TM and

Dsig==?
	This event occurs when a TFO_ACK_L message is received and the condition TM is fulfilled. The distant signature is not relevant for this event.

	42
	TFO_FILL
	This event occurs when a TFO_FILL message is received.

	43
	TFO_NORMAL
	This event occurs when a TFO_NORMAL message is received.

	49
	Distant_Config and

(NA_TP | A_TP) and

Con_Req & TC
	This event occurs when a 3G system (TC) receives a config request from the distant TRAU/TC, the TFO_enable bit is set, and the parameters of this config frame are compatible with the local parameters so that TFO is possible.

	50
	Distant_Config and

TM and

Con_Req & TC
	This event occurs when 3G system (TC) receives a config request from the distant TRAU/TC, the TFO_enable bit is set, and the parameters of this config frame do not match with the local parameters so that TFO is not possible.

	51
	Distant_Config and

(NA_TP | A_TP) and

Con_Ack & TC
	This event occurs when a 3G system (TC) receives a config acknowledgement from the distant TRAU/TC, the TFO_enable bit is set, and the parameters of this config frame are compatible with the local parameters so that TFO is possible. This event does not occur when an acknowledgement for a config request indicating Handover_Soon is received.

	52
	Distant_Config and

TM and

Con_Ack & TC
	This event occurs when 3G system (TC) receives a config acknowledgement from the distant TRAU/TC, the TFO_enable bit is set, and the parameters of this config frame do not match with the local parameters so that TFO is not possible. This event does not occur when an acknowledgement for a config request indicating Handover_Soon is received.

	53
	Distant_Config and

(NA_TP | A_TP) and

TRAU
	This event occurs when a 2G system (TRAU) receives a config frame (config request or config acknowledgement) from the distant TRAU/TC, the TFO_enable bit is set, and the parameters of this config frame are compatible with the local parameters so that TFO is possible. This event does not occur when an acknowledgement for a config request indicating Handover_Soon is received.

	54
	Distant_Config and

TM and

Con_Req & TRAU
	This event occurs when a 2G system receives a config request from the distant TRAU/TC, the TFO_enable bit is set, and the parameters of this config frame do not match with the local parameters so that TFO is not possible.

	55
	Distant_Config and

TM and

Con_Ack & TRAU
	This event occurs when a 2G system receives a config acknowledgement from the distant TRAU/TC, the TFO_enable bit is set, and the parameters of this config frame do not match with the local parameters so that TFO is not possible. This event does not occur when an acknowledgement for a config request indicating Handover_Soon is received.

	56
	Distant_Disable
	This event occurs when a config frame (config request) with a TFO_Enable bit set to zero is received from the distant TRAU/TC, i.e. when the distant side is going to disable TFO.

	57
	TFO_REQ and

Dsig != Lsig and

IACO==1
	This event occures when a TFO_REQ message is received, the distant signature is different from the local signature, and Immediate AMR Codec Type Optimisation is ongoing.

	58
	TFO_ACK and

Dsig==Lsig and
IACO==1
	This event occures when a TFO_ACK message is received, the distant signature is equal to the local signature, and Immediate AMR Codec Type Optimization is ongoing

	59
	New_Local_Codec and

IACO==1
	This event occurs when the local used codec type changes and Immediate AMR Codec Type Optimization is ongoing.

	60
	New_Local_Config and

IACO==1
	This event occurs the local codec configuration changes and Immediate AMR Codec Type Optimization is ongoing.


…

10.6 Protocol Tables

Table 10.6-3: Most Important Cases, Especially at Call Set-up

	Event:
	TFO_REQ
	TFO_ACK
	TFO_ACK
	TFO_TRANS
	TFO_Frame

	Number:
	8
	9
	10
	11
	12

	Condition:

&
&
	(NA_TP | A_TP)

Dsig!=Lsig
IACO==0
	NA_TP

Dsig==Lsig
	(NA_TP | A_TP)

Dsig!=Lsig
	Luc != AMR

DCh==LCh
	Match_1

	Comment:

State:
	Distant REQ

Good Signature
	Distant ACK

Good Signature
	Wrong Response

Handover?
	similar to ACK

As response

to loc ACK_?
	First or second

TFO Frame

	NAC:
Not_Active
	----------

----------
	----------

----------
	----------

----------
	----------

----------
	----------

----------

	WAK:
Wakeup
	----------

----------
	----------

----------
	----------

----------
	----------

----------
	----------

----------

	FIT:
First_Try
	C;U;ACK;

CON;

Typical
	C;U;T;BT;T;T1;

KON;

Typical; IPEs!
	C;REQ;

FIT;
	NoAc;

FIT;

Wait for Frame
	C;U;DUP;RCi;

FAT;

1: HO

	COR: 
Continuous 

Retry
	C;U;ACK;

CON;

Typical
	C;U;T;BT;T;T1;

KON;

Typical; IPEs!
	C;REQ;

COR;
	NoAc;

COR;

Wait for Frames
	C;U;DUP;

FAT;

1: Call is back?

	PER:
Periodic

Retry
	C;F;ACK;

CON;

OK, Contact is back
	C;F;S;REQ;

COR;

Rare case, test
	C;F;REQ;

COR;
	NoAc;

PER;

Wait for Frames
	C;DUP;

FAT;

1: Call is back?

	MON: 

Monitor
	C;F;REQ;

FIT;

IPEs?
	C;F;S;REQ;

FIT;

Rare case, test
	C;F;REQ;

FIT;
	NoAc;

MON

Wait for Frames
	C;DUP;

FAT;

1: Call is back?

	MIS:
Mismatch
	C;F;ACK;

CON;

Mismatch resolved
	C;F;S;REQ;

COR;

Rare case, test
	C;F;REQ;

COR;
	NoAc;

MIS;

Wait for Frames
	C;DUP;

FAT;

1: Call is back?

	CON:
Contact
	C;ACK;

CON;

Typical: wait
	C;T;BT;T;T1;

KON;

Typical: yes!
	C;REQ;

COR;
	C;T;BT;T;T1;

KON;

yes! Fast way
	C;T;BT;T;T1;

KON;

Missed TRANS?

	FAT:
Fast

Try
	C;REQ;RCm;

COR;

Safe way
	C;REQ;RCm;

COR;

Safe way
	C;REQ;RCm;

COR;

Safe way
	NoAc;

FAC;

Wait for Frames
	NoAc;

FAT;

2: Typ. Loc HO

	FAC:
Fast

Contact
	C;REQ;RCm;

COR;

Safe way
	C;REQ;RCm;

COR;

Safe way
	C;REQ;RCm;

COR;

Safe way
	NoAc;

FAC;

Wait for Frames
	C;BT;T;L;T2;AT;B;

OPE;

5: Typ. Loc HO

	WRC

Wait_RC
	C;RCm;REQ;T1;

COR;
	----------

----------
	C;RCm;REQ;

COR;
	----------

----------
	AT

WRC;

	KON:
Konnect
	C;RCm;DT;REQ;T1;

COR;

IPEs transparent!
	NoAc;

KON;

Typical: wait
	NoAc;

KON;
	NoAc;

KON;

Typical: wait
	RCs;AT;L;T2;B;

OPE;

Typ: call set-up

	REK:
Re_Konnect
	C;RCm;DT;REQ;IT;B;T1;

COR;

IPEs transparent!
	C;DT;REQ;IT;B;T1;

COR;
	C;DT;RCm;REQ;IT;B;T1

COR;
	NoAc;

REK;

Wait for Frames
	AT;L;T2;B;

OPE;

5: Typ. Dis HO

	SOS:
Sync_Lost
	C;RCm;IT;REQ;B;T1;

COR;

Contact is back
	C;IT;REQ;B;T1;

COR;

Contact is back
	C;IT;RCm;REQ;B;T1;

COR;

Contact is back
	NoAc;

SOS;

Wait for Frames
	C;BT;T;L;T2;B;

OPE;

short Interrupt?

	OPE:
Operation
	----------

----------
	----------

----------
	----------

----------
	NoAc;

OPE;

Typical in HO
	NoAc;

OPE;

Main! TFO!

	FAI:
Failure
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;


Table 10.6-4: In Call Modification and Handover

	Event:

or
	New_Local_Codec

New_Local_Config
	New_Local_Codec

New_Local_Config
	TFO_Frame
	TFO_SYL
	TFO_DUP

	Number:
	13, 14
	15, 16
	17
	18
	19

	Condition:

&
	(NA_TP | A_TP)

IACO==0
	TM

IACO==0
	Match_2
	
	

	Comment:

State:
	In Call Modif.
Mismatch resolv
	In Call Modif.
Mismatch occurs
	Three or more
TFO Frames
	The dist TC lost
sync in OPE
	The dist TC
recognised HO

Identical #17

	NAC:
Not_Active
	----------

----------
	----------

----------
	----------

----------
	----------

----------
	----------

----------

	WAK:
Wakeup
	NoAc;

WAK;
	NoAc;

WAK;
	----------

----------
	----------

----------
	----------

----------

	FIT:
First_Try
	C;REQ;

FIT;

Restart
	C;REQ;

FIT;

Restart
	----------

----------
	NoAc;

FIT;

HO? Ignore
	NoAc;

FIT;

HO? Ignore

	COR: 
Continuous 

Retry
	C;REQ;

COR;
	C;REQ;

COR;
	----------

----------
	NoAc;

COR;

Ignore
	NoAc;

COR;

Ignore

	PER:
Periodic

Retry
	L1;T5;

PER;
	L1;T5;

PER;
	----------

----------
	C;F;REQ;

COR;

Rare case, test
	C;F;REQ;

COR;

Rare case, test

	MON: 

Monitor
	NoAc;

MON
	NoAc;

MON
	----------

----------
	C;F;REQ;

FIT;

Rare case, test
	C;F;REQ;

FIT;

Rare case, test

	MIS:
Mismatch
	C;F;REQ;

COR;

Mismatch Res.
	L;T2;B;

MIS;

Direct info
	----------

----------
	C;F;REQ;

COR;

Rare case, test
	C;F;REQ;

COR;

Rare case, test

	CON:
Contact
	C;REQ;

COR;
	C;L;T2;B;

MIS;
	----------

----------
	C;F;REQ;

COR;

Rare case, test
	C;F;REQ;

COR;

Rare case, test

	FAT:
Fast

Try
	NoAc;

FAT;
	C;L;T2;B;RCm;

MIS;
	NoAc;

FAC;
	NoAc;

FAC;

3: Typ. Loc HO 
	C;F;REQ;RCm;

COR;

Rare case, test

	FAC:
Fast

Contact
	NoAc;

FAC;
	C;L;T2;B;RCm;

MIS;
	C;BT;T;L;T2;AT;B;RCs;

OPE;

assume matching ACS
	NoAc;

FAC;

4: Typ Loc HO
	C;F;REQ;RCm;

COR;

rare case, test

	WRC

Wait_RC
	C;RCm;REQ;

COR;
	C;RCm;L;T2;B;

MIS;
	NoAc;

WRC;
	NoAc;

WRC;
	NoAc;

WRC;

	KON:
Konnect
	C;RCm;DT;REQ;

COR;
	C;RCm;DT;L;T2;B;

MIS;
	----------

----------
	NoAc;

KON;

Wait, short int?
	NoAc;

KON;

Other TC?

	REK:
Re_Konnect
	C;RCm;DT;IT;REQ;

COR;
	C;RCm;DT;IT;L;T2;B;

MIS;
	----------

----------
	C;DT;SYL;

SOS;

IPEs not transp?
	NoAc;

REK;

4: Typ. Dist HO

	SOS:
Sync_Lost
	C;RCm;IT;REQ;

COR;
	C;RCm;IT;L;T2;B;

MIS;
	----------

----------
	NoAc;

SOS;

Short Interrupt.?
	C;BT;T;T1;

REK;

3: typ Dis HO

	OPE:
Operation
	RCs;L;T2;

OPE;
	C;RCm;DT;IT;L;T2;B;

MIS;
	NoAc;

OPE;

Main! TFO!
	NoAc;

OPE;

Short interrupt?
	NoAc;

OPE;

Typical

	FAI:
Failure
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;


Table 10.6-6: TFO Messages with mismatching Codec Type / Configuration

	Event:
	TFO_REQ
	TFO_REQ
	TFO_ACK
	TFO_REQ_L
	TFO_REQ_L
	TFO_ACK_L

	Number:
	24
	25
	26
	27
	28
	29

	Condition:

&
&
	TM

Dsig==Lsig
	TM

Dsig!=Lsig
IACO==0
	TM

Dsig==?
IACO==0
	TM

Dsig==Lsig
	TM

Dsig!=Lsig
	TM

Dsig==?

	Comment:

State:
	Mismatch

Wrong Sig, HO?
	Mismatch

Good Sig
	Mismatch

w/wo HO

identical #8
	Mismatch

Codec_List

Wrong Sig, HO?
	Mismatch

Codec_List

Identical #20
	Mismatch

Codec_List

Identical #19

	NAC:
Not_Active
	----------

----------
	----------

----------
	----------

----------
	----------

----------
	----------

----------
	----------

----------

	WAK:
Wakeup
	----------

----------
	----------

----------
	----------

----------
	----------

----------
	----------

----------
	----------

----------

	FIT:
First_Try
	C;S;L;T2;B;

MIS;

Rare
	C;U;L;T2;B;

MIS;

Typical: Setup
	C;U;L;T2;B;

MIS;

HO?
	C;S;LA;B;

MIS;

rare
	C;U;LA;B;

MIS;

Typical: Setup
	C;U;LA;B;

MIS;

HO?

	COR: 
Continuous 

Retry
	C;S;L;T2;B;

MIS;
	C;U;L;T2;B;

MIS;
	C;U;L;T2;B;

MIS;
	C;S;LA;B;

MIS;
	C;U;LA;B;

MIS;
	C;U;LA;B;

MIS;

	PER:
Periodic

Retry
	C;F;S;L;T2;B;

MIS;
	C;F;L;T2;B;

MIS;
	C;F;L;T2;B;

MIS;
	C;F;S;LA;B;

MIS;
	C;F;LA;B;

MIS;
	C;F;LA;B;

MIS;

	MON: 

Monitor
	C;F;S;L;T2;B;

MIS;
	C;F;L;T2;B;

MIS;
	C;F;L;T2;B;

MIS;
	C;F;S;LA;B;

MIS;
	C;F;LA;B;

MIS;
	C;F;LA;B;

MIS;

	MIS:
Mismatch
	C;S;L;T2;B;

MIS;
	C;L;T2;B;

MIS;
	C;L;T2;B;

MIS;
	C;S;LA;B;

MIS;
	C;LA;B;

MIS;

Terminate Prot.
	C;LA;B;

MIS;

Terminate Prot.

	CON:
Contact
	C;S;L;T2;B;

MIS;
	C;L;T2;B;

MIS;
	C;L;T2;B;

MIS;
	C;S;LA;B;

MIS;
	C;LA;B;

MIS;
	C;LA;B;

MIS;

	FAT:
Fast

Try
	C;S;L;T2;B;RCm;

MIS;
	C;L;T2;B;RCm;

MIS;
	C;L;T2;B;RCm;

MIS;
	C;S;LA;B;RCm;

MIS;
	C;LA;B;RCm;

MIS;
	C;LA;B;RCm;

MIS;

	FAC:
Fast

Contact
	C;S;L;T2;B;RCm;

MIS;
	C;L;T2;B;RCm;

MIS;
	C;L;T2;B;RCm;

MIS;
	C;S;LA;B;RCm;

MIS;
	C;LA;B;RCm;

MIS;
	C;LA;B;RCm;

MIS;

	WRC

Wait_RC
	C;S;RCm;L;T2;B;

MIS;
	C; RCm;L;T2;B;

MIS;
	C; RCm;L;T2;B;

MIS;
	C;S; RCm;LA;B;

MIS;
	C; RCm;LA;B;

MIS;
	C; RCm;LA;B;

MIS;

	KON:
Konnect
	C;RCm;DT;S;L;T2;B;

MIS;
	C;RCm;DT;L;T2;B;

MIS;
	C;RCm;DT;L;T2;B;

MIS;
	C;RCm;DT;S;LA;B;

MIS;
	C;RCm;DT;LA;B;

MIS;
	C;RCm;DT;LA;B;

MIS;

	REK:
Re_Konnect
	C;RCm;DT;S;L;T2;IT;B;

MIS;
	C;RCm;DT;L;T2;IT;B;

MIS;
	C;RCm;DT;L;T2;IT;B;

MIS;
	C;RCm;DT;S;LA;IT;B;

MIS;
	C;RCm;DT;LA;IT;B;

MIS;
	C;RCm;DT;LA;IT;B;

MIS;

	SOS:
Sync_Lost
	C;RCm;S;L;T2;IT;B;

MIS;
	C;RCm;L;T2;IT;B;

MIS;
	C;RCm;L;T2;IT;B;

MIS;
	C;RCm;S;LA;IT;B;

MIS;
	C;RCm;LA;IT;B;

MIS;

In_Call_Mod
	C;RCm;LA;IT;B;

MIS;

	OPE:
Operation
	----------

----------
	----------

----------
	----------

----------
	NoAc;

OPE;

Trans Error?
	NoAc;

OPE;

Trans Error?
	----------

----------

	FAI:
Failure
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;


Table 10.6-7 AMR Case: TFO_TRANS, TFO_ACK, RC_ack

	Event:
	TFO_TRANS
	TFO_ACK
	RC_ack

	Number:
	30
	31
	32

	Condition:

&
&
	Luc == AMR

DCh==LCh
	A_TP

Dsig==Lsig
IACO==0
	

	Comment:

State:
	
	Good Sig

Immediate TFO possible


	BTS has steered the mode.



	NAC:
Not_Active
	----------

----------
	----------

----------
	NoAc;

NAC;

	WAK:
Wakeup
	----------

----------
	----------

----------
	NoAc;

WAK;

	FIT:
First_Try
	NoAc;

FIT;

Wait for Frame
	C;U;RCi;ACK;T1;

WRC;

Typical;
	NoAc;

FIT;

	COR: 
Continuous 

Retry
	NoAc;

COR;

Wait for Frames
	C;U;RCi;ACK;T1;

WRC;

Typical
	NoAc;

COR;

	PER:
Periodic

Retry
	NoAc;

PER;

Wait for Frames
	C;F;S;REQ;

COR;

Rare case, test
	NoAc;

PER;

	MON: 

Monitor
	NoAc;

MON

Wait for Frames
	C;F;S;REQ;

FIT;

Rare case, test
	NoAc;

MON;

	MIS:
Mismatch
	NoAc;

MIS;

Wait for Frames
	C;F;S;REQ;

COR;

Rare case, test
	NoAc;

MIS;

	CON:
Contact
	C;RCi;ACK;T1;

WRC;

Missed Ack
	C;RCi;ACK;T1;

WRC;

Typical
	NoAc;

CON;

	FAT:
Fast

Try
	NoAc;

FAC;

Wait for Frames
	C;REQ;RCm;

COR;

Safe way
	NoAc;

FAT;

	FAC:
Fast

Contact
	NoAc;

FAC;

Wait for Frames
	C;REQ;RCm;

COR;

Safe way
	NoAc;

FAC;

	WRC

Wait_RC
	NoAc;

WRC;
	NoAc;

WRC;
	C; T;BT;T;T1;

KON;

Typical

	KON:
Konnect
	NoAc;

KON;

Typical: wait
	NoAc;

KON;

Typical: wait
	NoAc;

KON;

	REK:
Re_Konnect
	NoAc;

REK;

Wait for Frames
	C;DT;REQ;IT;B;T1

COR;
	NoAc;

REK;

	SOS:
Sync_Lost
	NoAc;

SOS;

Wait for Frames
	C;IT;REQ;B;T1

COR;

Contact is back
	NoAc;

SOS;

	OPE:
Operation
	NoAc;

OPE;

Typical in HO
	----------

----------
	NoAc;

OPE;

	FAI:
Failure
	NoAc;

FAI;
	NoAc;

FAI;
	NoAc;

FAI;


Table 10.6-14 Immediate AMR Codec Type Optimization

	Event:
	TFO_REQ
	TFO_ACK
	New_Local_Codec

New_Local_Config

	Number:
	57
	58
	59, 60

	Condition:

&
	Lsig != Dsig

IACO==1
	Lsig == Dsig

IACO==1
	IACO==1

	Comment:

State:
	Good signature,

AMR Codec Optimisation
	Good signature,

AMR Codec Optimisation
	New Config,

AMR Codec Optimisation

	NAC:
Not_Active
	----------

----------
	----------

----------
	----------

----------

	WAK:
Wakeup
	----------

----------
	----------

----------
	----------
----------

	FIT:
First_Try
	C;U;ACK;B;
CON;
enter IACO
	C;U;ACK;B;
CON;

enter IACO
	----------
----------

	COR: 
Continuous 

Retry
	C;U;ACK;B;
CON;
	C;U;ACK;B;
CON;
	C;U;ACK;B;
CON;

	PER:
Periodic

Retry
	C;U;ACK;B;
CON;
	C;U;ACK;B;
CON;
	C;U;ACK;B;
CON;

	MON: 

Monitor
	C;U;ACK;B;
CON;
	C;U;ACK;B;
CON;
	C;U;ACK;B;
CON;

	MIS:
Mismatch
	C;U;ACK;B;
CON;
	C;U;ACK;B;
CON;
	C;U;ACK;B;
CON;

	CON:
Contact
	C;ACK;

CON;
wait for HO
	NoAc;

CON;
wait for HO or Runout
	C;ACK;B;
CON;

	FAT:
Fast

Try
	C;ACK;RCm;B;
CON;
	C;ACK;RCm;B;

CON;
	C;ACK;RCm;B;
CON;

	FAC:
Fast

Contact
	C;ACK;RCm;B;

CON;
	C;ACK;RCm;B;

CON;
	C;ACK;RCm;B;

CON;

	WRC

Wait_RC
	C;ACK;RCm;B;

CON;
	C;ACK;RCm;B;

CON;
	C;ACK;RCm;B;

CON;

	KON:
Konnect
	C;ACK;RCm;B;DT;

CON;
	C;ACK;RCm;B;DT;

CON;
	C;ACK;RCm;B;DT;
CON;

	REK:
Re_Konnect
	C;ACK;RCm;B;DT;IT;

CON;
	C;ACK;RCm;B;DT;IT;

CON;
	C;ACK;RCm;B;DT;IT;
CON;

	SOS:
Sync_Lost
	C;ACK;RCm;B;IT;

CON;
	C;ACK;RCm;B;IT;

CON;
	C;ACK;RCm;B;IT;
CON;

	OPE:
Operation
	C;ACK;RCm;B;DT;IT;

CON;
	----------

----------
	C;ACK;RCm;B;DT;IT;
CON;

	FAI:
Failure
	NoAc; 
FAI;
	NoAc;

FAI;
	NoAc;

FAI;


11
TFO Decision Algorithm

…

11.7
Immediate AMR Codec Type Optimisation

The Codec Type Optimisation described in the previous section involves a quite complex procedure and causes significant delay due to the exchange of TFO_REQ_L and TFO_ACK_L messages. These drawbacks have to be accepted in order to achieve high flexibility and to allow optimisation for all possible codec types and combinations thereof. This section describes an alternative procedure that reduces delay and complexity for the special case of AMR and AMR-WB codec types. Hence, it describes a “short cut” that is only possible for a special set of supported codecs. For all other combinations, the default procedure for Codec Type Optimisation has to be used.

The objective of the Immediate AMR Codec Type Optimisation is to switch the codec type from AMR to AMR-WB, or vice versa, if this codec is supported and results in a preferred TFO configuration. In contrast to the normal Codec Type Optimisation, it is performed immediately during TFO establishment. The required information to decide on the optimisation is included in the TFO_REQ and TFO_ACK messages and is based on the possibility to indicate support for AMR-WB and AMR-NB using the flags in the AMR-ACS and AMR-WB-ACS extension blocks respectively. If a preferred TFO configuration becomes possible by changing the local and/or the distant codec type, both sides remain in the Contact state as long as the Immediate AMR Codec Type Optimisation is ongoing, i.e., until the local and/or the distant side has/have changed the codec type. After the switch, the TFO protocol continues as usual.

Immediate AMR Codec Type Optimisation is an optional feature and becomes only effective if supported on both sides. If not supported by either the local or the distant side, no Optimisation is used. Hence, the protocol is compatible with older versions that do not include Immediate AMR Codec Type Optimisation. Note that a switch to a different codec type is always possible using the normal Codec Type Optimisation in the Mismatch state.

11.7.1 Procedure

1. The transcoders exchange their  used codec type and codec attributes. In addition they indicate the supported codec type and codec attributes. This is done by exchanging TFO_REQ and/or TFO_ACK messages.

2. Each side shall decide if Immediate AMR Codec Type Optimisation results in a preferred TFO configuration (see 11.7.2). Though this decision is done independently, both sides will arrive at the same result. If the local codec has to be changed then this change shall be initiated. If the distant codec has to be changed then this change shall be monitored by receiving TFO_ACK messages. In either case the TFO protocol will remain in the Contact state as long as the optimisation is ongoing.

3. When the Immediate AMR Codec Type optimisation has completed then both sides continue with the normal TFO protocol flow.

11.7.2 Preferred AMR TFO Configurations

As described above, the TFO protocol shall remain in the Contact state as long as an Immediate AMR Codec Type Optimisation is ongoing, i.e., as long as the local and/or the distant side is in the process of changing to a preferred TFO configuration. In order to decide whether a preferred TFO configuration is possible and which codecs are used in this configuration, the following information is available after the exchange of TFO_REQ and TFO_ACK messages:

· Local / Distant Used Codec Type (LUC,DUC)

· Local Active Codec Set (LACS)

· Local / Distant Supported Codec Type (LSC, DSC)

· Local / Distant Supported Active Codec Set (LSCS, DSCS)

As stated above, it is a pre-requirement that both sides support Immediate AMR Codec Type Optimisation, i.e., both sides use either AMR or AMR-WB with the AMR-WB or AMR-NB flag set. Otherwise, the LSC/DSC and LSCS/DSCS are undefined, and no optimisation is possible (i.e., no Immediate AMR Codec Type Optimisation is ongoing). Further optimisation depends on the combination of the used and supported codec types as well as on the active and supported codec sets. In general, TFO using AMR-WB is always preferred if the TFO Decision Algorithm indicates that TFO is possible. If TFO is not possible using AMR-WB, then a preferred TFO configuration may also use AMR-NB, however, only if this configurations allows TFO. The preferred  TFO configurations are summarized in Table 11.7.2-1 using “NB” to indicate narrowband AMR codecs and “WB” to indicate wideband AMR codecs. Furthermore, “WB TFO possible” and “WB TFO not possible” indicates the outcome of the TFO Decision Algorithm when the AMR-WB parameters are used (and similarly for AMR-NB).
Table 11.7.2-1: Preferred AMR-NB/WB TFO Configuration

	LUC/LSC
	DUC/DSC
	Condition
	
	Preferred TFO Configuration

	NB/WB
	NB/WB
	WB TFO possible
	
	WB

	NB/WB
	WB/NB
	WB TFO possible
	
	WB

	WB/NB
	NB/WB
	WB TFO possible
	
	WB

	WB/NB
	WB/NB
	WB TFO not possible
NB TFO possible
	&
	NB

	NB/WB
	WB/NB
	WB TFO not possible
NB TFO possible
	&
	NB

	WB/NB
	NB/WB
	WB TFO not possible
NB TFO possible
	&
	NB


For all other combinations, which are not listed in the table, there is no preferred TFO configuration (or the optimal configuration is already achieved) and, hence, Immediate AMR Codec Type Optimisation is not ongoing.

G.9
Immediate AMR-WB TFO Setup via AMR-NB

The following protocol flow shows the example where both sides start with AMR-NB, but indicating with WB_SCS that AMR-WB is also supported. In this case no immediate TFO Setup in AMR-NB is performed, but immediate TFO setup in AMR-WB is possible, because both sides can use better Codec Types and Configurations. No additional optimisation phase is necessary after AMR-WB TFO Setup.
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Figure G.9-1: Immediate TFO establishment for AMR-WB with AMR-NB at call setup

Note: The TFO protocol is kept in State "Contact" on both sides as long as contact to the distant side exists and the configurations (local and distant) indicate that TFO Setup is possible with a preferred configuration (in this case AMR-WB). The numbers indicate the event number as listed in Table 10.4-1.
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