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It is the intention to transform this input into two CR to TS 28.062, V4.2.0, after discussion and approval by the TFO subgroup. The changes would apply to REL-4 and REL-5.

The document discusses three problems/inconsistencies of the TFO Protocol. The first problem is the definition of the events related to the TFO_REQ message (event numbers 6, 7, 8, 24, 25) which need an improved description in order to be interpreted correctly (essential correction). The second problem concerns the behaviour in the Konnect state (KON) when AMR is used. If KON is entered too late because TFO_Soon is delayed, the first 2 TFO frames may already have passed. In this case the TFO protocol is stuck and will not enter Operation (OPE) (essential correction). The third problem occurs in the Mismatch state when receiving a New_Local_Config or a New_Local_Codec event. In this case the Tx-Queue should be cleared and the updated configuration should be sent using TFO_REQ_L messages. However, the Tx-Queue is currently not cleared.

1. Definition of TFO_REQ Events

When a TFO_REQ message is received then several “sub-events” are derived from this “main-event” depending on several conditions. The derived events have the event numbers 6, 7, 8, 24, and 25. And the conditions are “Non-AMR TFO possible” (NA_TP), “AMR-TFO possible” (A_TP),  “TFO mismatch” (TM), and the values of the local Signature (Lsig), the distant Signature (Dsig), and the old (local) Signature (Old_Sig). The events and conditions as defined in Table 10.4-1 are summarized as follows:

	#
	Event
	Comment (assumes we are in FIT)

	6
	TFO_REQ and

(NA_TP | A_TP) and

Dsig==Lsig
	TFO possible, but identical signature indicated loopback: change signature stay in FIT

	7
	TFO_REQ and

NA_TP and

Dsig==Old_Sig
	Non-AMR TFO possible, but identical signatures indicate (delayed) loopback: ignore, stay in FIT

	8
	TFO_REQ and

(NA_TP | A_TP) and

Dsig!=Lsig
	TFO possible and different signatures: looks good! Goto CON and send ACK

	24
	TFO_REQ and

TM

Dsig==Lsig
	Identical signatures indicate loopback but then why is there a TFO mismatch? Rare Case. Goto MIS.

	25
	TFO_REQ and

TM and

Dsig!=Lsig
	No loopback; No TFO. Typical when no TFO is posible. Goto MIS.


Based on the given conditions and logical expressions we can derive which events are generated for which combination of NA_TP, A_TP, Dsig,. Lsig, and Old_Sig. This is illustrated in the following table for all combinations (“0” indicates “false” while “1” indicates true). Note that TM = (NA_TP==0 & A_TP==0) and that (NA_TP==1 & A_TP==1) is not possible.

	NA_TP
	A_TP
	Dsig==Lsig
	Dsig==Old_Sig
	Event Number

 As is now
	Event Number

Corrected

	1
	0
	0
	0
	8
	8

	0
	1
	0
	0
	8
	8

	0
	0
	0
	0
	25
	25

	1
	0
	0
	1
	7, 8
	7

	0
	1
	0
	1
	8
	7

	0
	0
	0
	1
	25
	25

	1
	0
	1
	0
	6
	6

	0
	1
	1
	0
	6
	6

	0
	0
	1
	0
	24
	24

	1
	0
	1
	1
	6, 7
	7

	0
	1
	1
	1
	6
	7

	0
	0
	1
	1
	24
	24


The following problems can be observed:

· Some condition are not exclusive, i.e., two events are produced at the same time. However, only one event should result for any possible condition. Otherwise the processing by the TFO state machine is not very clear (note that the processing is still deterministic since events are supposed to be processed in the order of the event number. However, this “feature” should not be used if it can be avoided).
· If A_TP==1 and Dsig==Old_Sig (see row 5 in table above), then this is not handled as a (delayed) loopback case. Hence, for AMR, delayed loopback is not handled correctly.

· For the TM case, the Old_Sig is not considered. This is maybe not really necessary for TM?

The event numbers how they should be derived are given in the last column (for the TM case the Old_Sig is still not used). The required changes in Table 10.4-1 are given below. Also note, that the conditions for event number 14 does not match the description given in 4.2.0 and must be corrected.

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 Plane 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 the local codec configuration changes and the condition NA_TP or 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) and
Dsig==Lsig and

Dsig != Old_Sig
	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 but different from the old (local) signature.

	7
	TFO_REQ and

(NA_TP | A_TP) and

Dsig==Old_Sig
	This event occurs when a TFO_REQ message is received, the condition NA_TP or A_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

Dsig != Old_Sig
	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 different from the local signature and old signature.

	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
	This event occurs when a TFO_REQ message is received, the condition TM is fulfilled, and the distant signature is different from the local signature.

	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==?
	This event occurs when a TFO_ACK message is received and the condition TM is fulfilled. The distant signature is ignored for this event.

	31
	TFO_ACK and

A_TP and

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

	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.


2. State Transition from KON to OPE

The figure below illustrates the immediate TFO establishment for AMR as illustrated in G.4.1. The critical area is shaded gray.

Note that the TRAU goes from Wait_RC into Konnect after receiving TFO_Soon (event RC_ack in the TFO protocol tables). Going from Konnect into Operation requires the reception of TFO frames with Match_1, i.e., the first or second received TFO frame (not illustrated). However, if TFO_Soon is delayed by the BTS, then several TFO frames may already have been received before even going into Konnect. Hence, after finally going into Konnect, the condition Match_1 may never be fulfilled and therefore the TFO protocol is “stuck”.

Note that this problem is only relevant for AMR since otherwise we do not have to wait for RC_ack.

To resolve this problem we propose to also alow Match_2 for the transition from KON to OPE. Hence, in the protocol table, the same action and transistion is made in state KON for “TFO_frame with Match_2” as used in state KON for “TFO_Frame with Match_1”. The required changes are included in the table below.
3. State Transition from KON to OPE

This problem occurs in the Mismatch state when receiving a New_Local_Config or a New_Local_Codec event. In this case the Tx-Queue should be cleared and the updated configuration should be sent using TFO_REQ_L messages. However, the Tx-Queue is currently not cleared. The required changes are included in the table below.
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Figure G.4.1-1: Immediate TFO establishment for AMR with Con_Req / Con_Ack

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)


	TM


	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.
	C;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;
	RCs;AT;L;T2;B
OPE;
	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;
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