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Summary

The present document gives some comments and proposals for editorial corrections to the current draft of chapter eight of GSM 08.62 ("Tandem free Operation") for the introduction of AMR.

It further gives a first proposal for additional text in this chapter for "Synchronisation between TFO_BTS and TFO_TRAU".

8
Processes for Tandem Free Operation in GSM
TFO in GSM implies that the different entities of the BSS collaborate. This is achieved by the distribution of TFO processes on these entities.

Figure 8.1 provides an overview of the processes inside the BSS enabling Tandem Free Operation. This figure shows also the interfaces between these processes.

TFO involves the following different processes:

· TFO_TRAU: mandatory supported for all speech Codec Types

· TFO_BTS: only for the AMR speech Codec Type

· TFO_BSC: optional for all speech Codec Types

The interfaces as shown in figure 8.1 are:

(
The Abis/Ater Interface (traffic): only for the AMR speech Codec Type. In this case TFO information are embedded in the TRAU frames

(
A proprietary interface between the BSC and the TRAUused for FR, EFR and HR speech Codec Types, to exchange messages on the distant and local codec configurations.

(
Layer 3 signalling between the BSC and the BTS as defined in the GSM 08.58 for AMR TFO purposes.

(
Layer3 signalling between the BSC and the MS to solve a Codec Type or a codec configuration mismatch.

(
Air interface (RATSCCH, see GSM 05.09) to change the codec configuration in case of AMR TFO.



Figure 8.1: Processes and Interfaces for TFO

The different processes as well as the inter-processes dialogues are described in the following sub-clauses.

8.1
TFO_TRAU

The following chapters describe the actions within the TRAU to establish and maintain Tandem Free Operation in terms of a State Machine, respectively TFO Processes, handling synchronisation and protocol. The description of the TFO Protocol does not reflect implementation details for the I/O Processes (Rx_TRAU, Tx_TRAU, Tx_TFO & Rx_TFO), but they may need to be considered for the exact understanding of the behaviour. Only the TFO_Protocol Process is detailed, which is responsible for the handling of the TFO Protocol.

The SDL-Simulation, as described in Annex C, however, takes the necessary details into account and can serve as example implementation for all processes, as far as the TFO Protocol is concerned.

The TFO_TRAU can be regarded as consisting of five processes, which are strongly coupled to each other, which run in parallel, but phase shifted. The TFO_Protocol Process communicates with the TFO I/O processes and, optionally, with its corresponding process within the BSS (TFO_BSC and/or TFO_BTS) to resolve Codec Mismatch, see figure 8.2.

Under normal circumstances (exceptions occur during time alignments or octet slips) all TFO I/O Processes are triggered every 160 samples or every speech frame of 20 ms. All events and actions are quantized in time into these smallest intervals.

It can be assumed that the processing times for the TFO Processes are very short and negligible.

However, it must be ensured that no timing ambiguity occurs between the Processes.

This means the processing and exchange of information between them do not overlap in time. Care must be taken especially when time alignment occurs, which may be completely independent in uplink and downlink.

During these time alignments the TFO Frames or TFO Messages may shift in time and consequently the triggering point for the related TFO Processes changes, too.

Note to us: Change in figure BSS with BSC and add ‘3’ as interface label to doted-line arrow. Add arrow from Tx_TFO to TX_Protocol.



Figure 8.2: The TFO_TRAU consists of five Processes

8.1.1
Rx_TRAU Process

The Rx_TRAU Process receives Uplink TRAU Frames from the Abis/Ater Interface and synchronises to them, i.e. checks correct synchronisation and contents. It performs all actions of a conventional Uplink TRAU (see GSM 08.60 and GSM 08.61). It extracts the data bits and calls, if appropriate, the Bad Frame Handler, the Uplink DTX functions and Comfort Noise Generator and finally the Speech Decoder. 

The resulting speech samples are handled to the Tx_TFO Process for output to the A interface. In addition Rx_TRAU passes the Uplink TRAU Frames directly and unaltered to Tx_TFO.

It further extracts the control bits, the “TFO bits” (see sub-clause 8.4.2), and commands, from the Uplink TRAU Frames and sends corresponding Rx_TRAU Messages to the Tx_TRAU Process (see GSM 08.60 and GSM 08.61) and the TFO_Protocol Process (see sub-clause 8.1.5).

In case of AMR, the TFO can be disabled (respectively enabled) by the TFOE bit (see sub-clause 8.4.1.4). When this bit changes, the event TFO_Disabled (respectively TFO_Enabled) are detected by the Rx_TRAU and reported to the TFO_Protocol.

8.1.2
Tx_TRAU Process

The Tx_TRAU Process builds autonomously the relevant Downlink TRAU Frames and sends them in the correct phase relation onto the Abis/Ater-Interface as commanded by the time alignment from the BTS.



Tx_TRAU has two major States: TFO == OFF (at start-up default state) and TFO == ON (see Figure 8.3). TFO_Protocol Protocol controls the transitions between these states using the Accept_TFO and  Ignore_TFO. 




Figure 8.3: States of the Tx_TRAU Process

Note to us: Describe the action required when receiving a new comand. See 8.4.3.4 "Synchronisation after TFO Setup".
During TFO == OFF Tx_TRAU performs all actions of a conventional downlink TRAU (see GSM 08.60 respectively GSM 08.61): On command from Rx_TRAU it performs necessary downlink time alignments and starts or stops sending TRAU Frames. It samples one frame of speech samples in the correct phase position and calls the Speech Encoder. Depending on the Codec_Type and implementation details this causes a signal delay between 25ms and 35ms. The resulting speech parameters are then transmitted downlink on the Abis/Ater interface. In case of AMR, Tx_TRAU furthermore switches the AMR codec mode according to the UL CMC received from the Rx_TRAU and modifies the CMI/CMR phase alignment when requested by TFO_BTS via the Rx_TRAU.
The Tx_TRAU sends the Distant TFO configuration parameters by either mapping them in a DL TRAU frame (only possible in some Codec_Modes)  or by stealing a DL TRAU frame (see sub-clause 8.5.4).

Finally in case of AMR, if the Time Alignment Field is not used for another purpose, Tx_TRAU sends the TFO status, (TFO_OFF, TFO_SOON or TFO_ON) to the BTS according to the protocol described in sub-clause 8.4.2. 
During TFO == ON, in case of  the FR, EFR and HR Codec_Types, the Tx_TRAU performs Bad Frame Handling and Comfort Noise Parameter Handling on parameter level on the received TFO Frames, if necessary The resulting speech parameters and control bits are buffered until they are passed as Downlink TRAU Frames in correct phase position to the BTS (see also sub-clause 7.3).

Duning TFO == ON, in case of the AMR Codec_Types, no Bad Frame Handling or Comfort Noise Parameter Handling are perfomed in the Tx_TRAU. The speech parameters and control bits extracted from the TFO Frames are passed as Downlink TRAU Frames with least possible delay down to the BTS.  


There are four possible cases regarding DTX in a Mobile-to-Mobile communication, as reflected in Table 8.1
Table 8.1: DTX configurations in Mobile-To-Mobile communications

Case
Local TRAU: Downlink 
Distant TRAU: Uplink 

0
No-DTX
No-DTX

1
No-DTX
DTX

2
DTX
DTX

3
DTX
No-DTX

8.1.2.1
Downlink Speech Transmission if TFO is ON

8.1.2.1.1
FR, EFR and HR cases

During TFO == ON and if neither Distant Uplink nor Local Downlink DTX are active (case 0 in Table 8.1), the Tx_TFO Process receives TFO Frames from the A Interface with SID == "0". It synchronises to them, i.e. checks correct synchronization and content. It extracts the data bits and calls, if appropriate (e.g. if BFI == "1" or if the TFO Frame is not-valid, see sub-clause 8.4.2), a Bad Frame Handler to derive suitable parameters for Downlink TRAU Frames. This Bad Frame Handler on parameter level is subject to manufacturer dependent future improvements and is not part of this recommendation.

While TFO == ON and if Distant Uplink DTX is active, but not Local Downlink DTX (case 1 in Table 8.1), then the Tx_TFO Process receives TFO Frames containing speech parameters (SID == "0": handling as in case 0, see above), but also TFO Frames containing SID parameters (SID == "1" or "2") and TFO Frames marked with BFI == "1" during speech inactivity. Tx_TFO then calls a Comfort Noise Generator to derive suitable "speech" parameters for Downlink TRAU Frames. The SP flag shall always be set to SP = "1". The Downlink TRAU Frames shall not contain the SID codeword, but parameters that allow a direct decoding. Also this Comfort Noise Generator on parameter level is subject to manufacturer dependent future improvements and is not part of this recommendation.

8.1.2.1.2 
AMR case

During TFO == ON the Tx_TRAU receives TFO Frames from the Rx_TFO and converts them in DL TRAU frames. No Error concealment and Comfort Noise Generation is performed by the Tx_TRAU.

8.1.2.2
DTX Procedures in Downlink Direction if TFO is ON

8.1.2.2.1
FR, EFR and HR cases

During TFO == ON and if Distant Uplink DTX and Local Downlink DTX are active (case 2 in Table 8.1), then the Tx_TFO Process receives TFO Frames containing either Speech parameters (SID == "0,  handling see subclause 8.2.1) or SID parameters (SID == "1" or "2") or TFO Frames marked with BFI == "1" during speech inactivity due to transmission errors.

If a TFO Frame marked as a valid SID frame (SID == "2", BFI == "0") is received, it shall be stored in Tx_TRAU and its parameters shall be sent directly as Downlink TRAU SID Frame with correct timing. The DL_TRAU SID Frames produced from the valid stored frame are output repeatedly to the Abis/Ater interface whilst invalid SID frames (SID == "1") or frames marked as bad (BFI == "1") are received. These Downlink TRAU SID Frames shall be marked with the SP flag = "0" and shall all contain the SID codeword.

The stored SID Frame shall be considered as being valid for SID frame generation purposes until the receipt of the second instance of TAF == "1" (in a TFO Frame) following its initial storage. On expiry of the stored SID frame a suitable Bad Frame Handler for SID Frames shall be invoked to mute the Comfort Noise. Also this Bad Frame Handler for SID Frames on parameter level is subject to manufacturer dependent future improvements and is not part of this recommendation.

During TFO == ON and if distant Uplink DTX is not active, but local downlink DTX is on (case 3  in Table 8.1), i.e. only TFO Frames containing speech parameters are received , then one of the following alternative methods shall be used. The implementation of any of these alterntives is manufacturer dependent.
Alternative 1: The speech Frames are passed as DL_TRAU Frames to the BTS. This is virtually identical to case 0 in Table 8.1, with no speech pauses detected, and handled like described above.

Alternative 2: A voice activity detector makes the decision as to whether the frame contains speech or not based on the PCM samples received from the A interface. During periods decided as "Active Speech" the speech Frames are passed as DL TRAU Frames to the BTS as described above. During periods of "Speech Pause" Comfort Noise Parameters are calculated. 
These operations in alternative 2 are manufacturer dependent and not detailed here.

Alternative 3: The received Speech Frames may be decoded and the resulting PCM samples used for normal downlink VAD and DTX functions.

8.1.2.2.2
AMR case

During TFO == ON, all TFO Frames received from the Rx_TFO are passed as DL TRAU Frames to the BTS

8.1.2.3
Synchronisation and Bit Errors in Received TFO Frames

8.1.2.3.1
FR, EFR and HR cases

If Rx_TFO detects an error in the received TFO Frame synchronization or control bits or if a CRC error is detected, and the error is detected prior to beginning the output of the same frame (as a Downlink TRAU Frame), then Tx_TRAU shall either substitute parameters from the last good TFO Frame, or shall encode the received PCM samples for the duration of this frame.

If Rx_TFO detects an error in the received TFO Frame synchronization or control bits or if a CRC error is detected, and the error is detected after beginning of the output of the same frame (as a Downlink TRAU Frame), then Tx_TRAU shall deliberately corrupt the remaining, still unsent synchronization bits by setting them all to "0" and deliberately shall corrupt the remaining CRC bits. This will result in the BTS discarding this TRAU Frame, and transmitting a Layer 2 Fill frame or CRC-Inverted frame to the Mobile station (see GSM 08.60 and GSM 08.61). The effect of the frame error will subsequently be masked by the Mobile station’s handling of bad frames.

8.1.2.3.2
AMR case

8.1.2.3.2.1
No format conversion

When TFO and TRAU frames have the same format i.e. for 16 or 8 kbit/s submultiplexing, the received TFO frame is relayed as a DL TRAU frame toward the BTS. The Tx_TRAU shall not perform any Error Correction..

8.1.2.3.2.2
With format conversion

When TFO and TRAU frames have different formats, e.g. for 16 kbit/s submultiplexing on TFO and for 8 kbit/s submultiplexing on TRAU, or vice versa, the received TFO frame format is converted into a DL TRAU frame format toward the BTS. The Tx_TRAU shall not perform any Error Correction, but rather relay the received parameters unaltered through.

If a CRC error is detected in the TFO Frame, the corresponding CRC, if any, shall be inverted in the DL TRAU frame. If there is no corresponding CRC, the remaining synchronization bits shall be inverted.

If a synchronization error is detected, the remaining synchronization bits shall be inverted in the DL TRAU frame as well.

============================================================================

8.1.4
Rx_TFO Process

The Rx_TFO Process receives TFO Messages and TFO Frames from the A-Interface and synchronises to them, i.e. checks correct sync and contents. It bypasses all PCM samples and TFO Frames directly to Tx_TRAU for further processing. The Rx_TFO Process further extracts all the control bits and TFO Messages and sends corresponding Rx_TFO Messages to the TFO_Protocol Process.

If Embedded messages are detected in the TFO frames, the altered synchronization bits may be reconstructed with ‘1’ bits before pasing them to Tx_TRAU.

When the Rx_TFO received distant TFO parameters, either by TFO Messages or TFO Frames (Config_Prot Frames), it relays them to the TFO_Protocol.
When the Rx_TFO receives distant TFO parameters within Config_Prot Frames, it passes them directly through to Tx_TRAU.
8.1.4.1
Search for and Monitoring of TFO Synchronization

The monitoring of TFO Frame or TFO Message synchronisation shall be a continuous process. Typically, TFO Messages and TFO Frames follow each other with a well-defined phase relation. Insertion of T_Bits or octet slips may, however, disturb that regular phase relation every now and then and shall be taken into account.  In all error cases, the receiver shall investigate, if sync has been lost due to octet slip, phase adjustment or other events and shall try to resynchronize as fast as possible.

Typically, TFO Frame synchronisation is similar or identical to TRAU Frame synchronisation, see GSM 08.60 and 08.61.

During Tandem Free Operation, however, it is sometimes necessary, to exchange TFO Messages by embedding them into the TFO Frame flow. This is indicated by a control bit (C5) for the 16 kbit/s TFO frame and the TFO frame for the GSM_HR Codec Type. Some of the TFO Frame synchronization bits are then replaced by bits of the TFO Message. TFO Messages follow specific design rules, which can be used to check if synchronisation is still valid. For the 8 kbit/s AMR TFO frames the presence of an embedded TFO Message is not specifically indicated. The potential presence of an embedded TFO Message shall be checked every time a corrupted synchronization pattern is received.
The first TFO Message or the first TFO Frame (whatever comes first) shall be completely error free to be acceptable by Rx_TFO. After that all "valid" (see sub-clause 8.4.2) TFO Messages shall be reported to TFO_Protocol with a respective message. If a TFO Message has been received before and synchronisation is not found again for more than 60 ms, i.e. no "present" or "valid" TFO Message can be found during that time, then Rx_TFO shall generate a MSL (Message_Sync_Lost) Message to TFO_Protocol. A "not-valid", but "present" TFO Message shall not be reported, but also no MSL shall be reported, i.e. synchronisation is regarded as not lost, but the TFO Message is ignored.

Similarly, the first five "valid" TFO Frames shall be reported to TFO_Protocol with frame number n (n == 1,2,..5). Further valid TFO Frames do not need  to be reported.

Similar, if for the first time after the PCM_Idle period, PCM_Non_Idle samples are received, then a PCM_Non_Idle Message shall be sent to TFO_Protocol. Further PCM_Non_Idle samples need not be reported.

If TFO Frame Synchronization is lost, or if too many errors are detected in TFO Frames (no present TFO Frames), then the Rx_TFO shall generate a FSL (Frame_Sync_Lost) Message to TFO_Protocol with frame number n (n == 1,2,3), the number of lost TFO Frames since the last valid TFO Frame. No more than three FSL Messages need to be reported in a series.

NOTE:
The MSL and FSL Messages shall not be mixed up with the TFO_SYL Message, by which the distant TFO Partner reports lost synchronisation.

TFO Messages with Extension_Blocks that can not be understood by the receiving TRAU, but which follow the design rules for IS_Extension_Blocks, shall be ignored. This guarantees future expandability. 

===========================================================================

8.1.5
TFO_Protocol Process

The TFO_Protocol Process is typically invoked whenever a message is received, either from Rx_TRAU, Rx_TFO, Tx_TFO or the local BSC.

Two key events are due to modifications of the local MS-BSS configuration,

-
a modification of the used speech Codec Type (New_Local_Codec), and 

-
a modification of the list of the alternative speech Codec Types (New_Local_Codec_List).

The New_Local_Codec is extracted from the uplink TRAU Frames and reported by Rx_TRAU.

8.1.5.1
Messages from Rx_TRAU or local BSS

Rx == New_Speech_Call (Local_Used_Codec);
Received from Rx_TRAU: Rx_TRAU is activated by BTS.

Rx == New_Local_Codec (New_Local_Used_Codec);
Received from Rx_TRAU: In Call Modification to other Codec Type.

Rx == Data_Call;
Received from Rx_TRAU: In Call Modification to Data_Call.

 

Why is this deleted?
Rx == TRAU_Idle;
Manufacturer dependent, either from Rx_TRAU or BSC.

Rx == TFO_Enable;
Received from Rx_TRAU for AMR: Enable the TFO process
Optionally received from the BSC for FR, HR and EFR.

Rx == TFO_Disable;
Received from Rx_TRAU for AMR: Disable the TFO process
Optionally received from the BSC for FR, HR and EFR.
8.1.5.4
Messages to Tx_TRAU

Tx_TRAU := Accept_TFO;
If TFO Frames are correctly received, they shall be used.

Tx_TRAU := Ignore_TFO;
TFO Frames, even if received correctly, shall be ignored.

Tx_TRAU := Announce_TFO
TFO is about to be established Needed?
Tx_TRAU := Stop_TFO
Exit from TFO Needed?
8.1.5.5
Optional Messages to the local BSC
BSC := TFO (Distant_Used_Codec, Distant_Codec_List, Distant_Preferred_Codec, …) only for the FR, HR and EFR speech Codec Types to provide to the BSC information on the distant configuration and allow the BSC to perform the Codec Type Mismatch resolution. 
In case of AMR these configuration parameters are transferred in Config_Prot Frames. But BSS := TFO () is still needed.
======================================================================

8.2
TFO_BTS

The following sub-clauses apply only when AMR is the Used_Codec_Type and when TFO is enabled.
8.2.1
TFO_States and Transitions

The BTS needs to know the status of the TFO connection for best operation of the AMR Link adaptation and Optimal Handover procedure.

The TFO_BTS state machine is made of five states:

· TFO_Disabled:
No Tandem Free Operation is allowed or ongoing;

· TFO_No:
Tandem Free Operation is enabled, but is neither ongoing nor under establishment;

· TFO_Maybe:
Tandem Free Operation is under establishment, but is still not ongoing;

· TFO_Yes:
Tandem Free Operation is ongoing.

· TFO_Terminating:
Tandem Free Operation is still ongoing, but will terminate soon.

The following TFO_State diagram (figure 8.6) shows the five States and the most important transitions.
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Figure 8.6: Main TFO _State Diagram within the BTS
=======================================================================

8.2.2
Handling of downlink DTX in TFO

If TFO is ongoing and the BTS receives downlink TRAU frames classified with "SID_First or "SID_Update", it shall in State TFO_Yes use one of the following options:

-
Option 1) 
The BTS performs normal DTX operation in downlink if DTX DL is enabled.

-
Option 2)
The BTS shall send the SID_First, SID_Update frames as in normal DTX, but shall send SID_Filler frames between SID frames when DTX DL is disabled.

See GSM 06.93 for the definition of the SID_Filler frames.
Note : In all cases ONSET frames may be ignored, see GSM 05.09, but may be used to ensure proper synchronisation.
================================================================================
8.3.2.2
(move it somewhere else)Determination and Establishment of the Common ACS

The resolution of the AMR Codec Configuration Mismatch is based on similar principles as the Codec Type Mismatch. The corresponding rule is defined in section 12. When applied, it leads to a common ACS at both ends of the TFO connection.

 The resolution of  Codec Configuration Mismatch depends on the possibility to use RATSCCH or not. Furthermore, if RATSCCH can be used, it depends on the possibility for the BTS to use RATSCCH without asking first to the BSC. These cases give the ACS Optimisation Mode that the TRAU uses to decide whether it is possible to setup immediately TFO. The 3 categories are the following:

(May be try to move this table to a different section since this section only relates to the case 2)
Table 2/§8: Coding of the Optimisation Mode
No Change
Change of the ACS is neither possible by RATSCCH nor through the BSC

Slow Change
Change of the ACS is initiated by the BSC

Fast Change
Change of the ACS can be performed by the BTS autonomously using RATSCCH

=======================================================================
8.4.1.4
Configuration Parameters Field

The configuration parameters are:

TFO Configuration:
TFOE:
TFO Enable
ACF:
AMR_Codec_Flag
CL:

Codec_List
PCT: 
Preferred_Codec_Type
Sys_ID:
System_Identification
AMR Configuration:
ACS/UCT:
Active_Codec_Set/Used_Codec_Type


Ver:

TFO standard version number ???

========================================================================











1.1 













Version Number (Ver) :

P57-P58: 0.0

Version Number 0

This is the version number of the TFO standard for AMR.





=============================================================================

8.4.1.5
Mapping of the Configuration Parameters on 16 and 8 kbit/s TRAU/TFO frames

The following table gives the mapping of the protocol fields for each frame (TRAU/TFO) format: 

Table 4/§8: Mapping of the configuration parameters in the TRAU frames


8 kbit/s
16 kbit/s


No_Speech
(5,9 kbit/s
(6,7 kbit/s
(7,95 kbit/s & No_Speech
10,2kbit/s
12,2kbit/s

Config_Prot (B0..B2)
D55..D57
D55..D57
#
C14..C16
C14..C16
C14..C16

Message_No (N0-N1)
D58..D59
D58..D59
#
C17..C18
C17..C18
C17..C18

TFOE (P1)
D64
#
#
C20
C20
C20

ACF (P2)
D65
#
#
D1
D1
#

Codec List(1) (P3..P15)
D66..D78
#
#
D2..D14
D2..D14
#

PCT (P16..P19)
D79..D82
#
#
D15..D18
D15..D18
#

Sys_ID (P20..P27)
D83..D90
#
#
D21..D28
#
#

CRC_A (P28..P30)
D91..D93
#
#
D29..D31
#(2) 
#









Could use the ADAPE to sync at TFO Setup with contiguity rule
D94


D20



ACS / UCT (P31..P38)
D95..D102
#
#
D234..D241
D234..D241
#

































Ver. (P57-58)
D121..D122
#
#
D252..D253
D252..D253
#

ACS Optimisation Mode (P60-P61)
D50..D51
#
#
D224..D225



Spare (for future use)
#
#
#
D19
D19, D20, D242..D251
#

CRC_B (P62..P64)
D123..D125
#
#
D254..D256
#(4)
#

=================================================================================

New text:

8.4.3
Synchronisation between TFO_BTS and TFO_TRAU 

TFO_TRAU is responsible for the TFO_Protocol, while TFO_BTS is mainly responsible for the AMR Link Adaptation.
Without TFO there is obvious no interaction.

With TFO ongoing the TFO_Protocol is in "Operation" and no interaction is required either.

Interactions and therefore synchronisation is needed in the transition phases:
a) At TFO Setup (8.4.3.1)
b) At TFO Termination (8.4.3.2)
c) During Handover (8.4.3.3)
d) Immediately after TFO Setup and after Handover (8.4.3.4)
8.4.3.1
Synchronisation at TFO Setup

In the optimal scenario, when the ACS on both radio legs are identical from the start, no or only a loose synchronisation between both state machines is necessary. TFO setup can be handled by TFO_TRAU autonomously.

Only after TFO is setup sucessfully the TFO_BTS has potentially to perform phase alignment, see 8.4.3.4.
In the second best scenario, when the ACS on both radio legs have a reasonable lower contiguous common ACS (e.g. in AMR_FR to AMR_HR scenarios) the TFO_TRAU must inform the TFO_BTS not to use the higher Codec_Modes (which are outside the common ACS). This can be done be two ways (one should be deleted at the end, from todays view option O1 seems to be most interesting):

O1) The TFO_TRAU sends during TFO setup phase a CMR downlink that resticts the link adaptation to the highest Codec_Mode of the CACS. The TFO_BTS takes this into account. The TFO_TRAU waits until the Codec_Mode is in the save area.
Questions:
 When does the TFO_TRAU start to limit the CMR? Answer: When it starts the TFO Protocol.
When does it stop? Answer: When TFO is established, or the TFO Protocol is unsuccessful terminated.
How does the TFO_TRAU know when the Codec_Mode is save? Answer: After latest 500ms.
Advantage: quite simple, only loose interaction with TFO_BTS. No loss of speech frames.
Disadvantage: Link Adaptation is limited to lower subset for some time, maybe up to 5 sec.
O2) The TFO_TRAU sends a "TFO_Soon" message downlink, together with the distant "Configuration parameters" by usoinng the "Config_Prot" mechanism, including the Config_Ack. Then the TFO_BTS performs the necessary link adaptation (steering into the save area) and reports finally back to the TFO_TRAU by ...???. TFO_TRAU has to wait until this before it can continue with TFO Setup.
Questions: 
How does the TFO_BTS know when to start: Answer: By TFO_Soon message and Config_Prot.
How does the TFO_BTS know the Codec_Mode is save? Answer: Just by counting 7..10 speech frames.
How does the  TFO_TRAU get informed? Answer: Either by Config_Prot with a new CACS, but then this CACS is different to the ACS in the MS. Or by a newly invented flag or message "Mode_Save", in Time Alignment, or in Config_Frame.
Disadvantage: quite complex, steals in worst case 2+2 speech frames.
In all other scenarios, when the ACS on both radio legs are not compatible, the TFO_TRAU decides autonomously on "Mismatch", waits for all distant configuration parameters (including SCS, MACS, Codec_List...) and reports all these distant parameters with one Config_Prot frame downlink to its TFO_BTS, including the Config_Ack.
TFO_TRAU then waits until the mismatch is resolved, whichever way the TFO_BTS does this.

TFO_BTS has several options to resolve the mismatch, the fastest one by a BSC_authorised RATSCCH to change to  the optimal common ACS, the slowest by a BSC handled handover, maybe even to another, better Codec_Type.
The BSC_authorised RATSCCH will take about 12 frames until the TFO_TRAU gets the new configuuration.
The BSC handled handover may take substantially more time.

In both cases the TFO_TRAU waits for a Config_Prot frame with the new common ACS and may then start TFO negotiation again, ending hopefully in the optimal scenario, seen above.
8.4.3.2
Synchronisation at TFO Termination
TFO termination may be triggered by a local decision, e.g. because of coming handover, or a distant decision.
8.4.3.2.1
Local TFO Termination

TFO_BTS is informed by TFO_BSC to terminate TFO. TFO_BTS sends a Config_Req frame uplink with TFOE bit reset. This Config_Prot frame is passed all the way through the local and distant TFO_TRAU down to the distant TFO_BTS. The local TFO_TRAU stops sending TFO Frames after it has passed the Config_Req frame unaltered and has sent the TFO_Normal message embedded into the last five TFO Frames. The distant TFO_TRAU starts encoding and sending own coded TRAU frames with modified time (and phase?) alignment after it has received the last TFO Frame.
The distant TFO_BTS sends the Config_Ack back. The distant TFO_TRAU stops sending TFO Frames after it has passed the Config_Ack frame unlatered and has sent the TFO_Normal message embeded into  the last five TFO Frames. The local TFO_TRAU starts encoding and sending own coded TRAU frames with modified time (and phase?) alignment after it has received the last TFO Frame.By the time the local TFO_BTS receives this Config_Ack, it knows that TFO is terminated in both directions. Normal Time and Phase alignment may be needed then.
8.4.3.2.2
Distant TFO Termination

The local TFO_BTS is informed by a Config_Req frame with the TFOE bit reset (see above). It sends a Config_Ack back. Immediately after that it can consider TFO as terminated, although it still might take some time until the far end TFO_BTS gets this Config_Ack. Normal Time and Phase alignment may be needed then.
8.4.3.3
Synchronisation at Handover

Handover during ongoing TFO needs also consideration of several scenarios.
In the optimal scenario the ACS before and after handover is unaltered. Then no further synchronisation is needed between TFO_TRAU and TFO_BTS. The handover will potentially cause a jump in Codec_Mode, in frame timing and frame phase, but this needs no further synchronisation in terms of a protocol.

In the second best scenario the ACS after handover is a true superset of the ACS before handover, knowing that the distant side has this ACS defined for its radio leg (e.g. handover from a HR-FR to a FR-FR scenario) . Then the local handover (from Hr to FR) can be performed as in the optimal scenario. The new ACS needs to be transmitted throughout the path to the distant TFO_BTS using Config_Req after the handover. Already within this Config_Req and in all subsequent TRAU_Frames the local TFO_BTS may use the full new ACS for its CMR. The distant TFO_BTS will answer with Config_Ack and similarly may use the new ACS.

The third best scenario is given, when the ACS after handover is a contiguous and acceptable subset of the ACS before handover (e.g. handover from FR-FR to a HR-FR scenario). In this case the Pre-Handover warning is necessary in order to allow the Codec_Mode in downlink to be in the save area before the handover is executed. The Pre-handover warning time is dependent on the round trip delay between the local TFO_BTS and the Speech Encoder (either in the distant MS or the local TRAU in case of no TFO). The TFO_BTS sends a Config_Req with the new ACS uplink and all the way through to the distant TFO_BTS. By the time the Config_Ack is received back it will still take about 140...200ms more until the Codec_Mode is in the save area (round trip delay between distant TFO_BTS and its MS.
Ideally the TFO_BTS should inform its local TFO_BSC to initiate the Handover. But this is not in the current working assumption and would also delay the handover even more. Instead a sufficient Pre-handover warning time is assumed and the handover is initiated without waiting for synchronisation.

In the worst case scenario the ACS after handover is not compatible and TFO must be terminated before handover, see above. The TFO handling after the handover is very much like a TFO setup after call setup. 
It is under discussion whether the Terminating Config_Req shall already carry the new ACS after handover or not. Since the risk of a failing Handover is relatively small it would save time to send the new ACS as soon as possible.

8.4.3.4
Synchronisation after TFO setup and after Handover

Immediately after TFO setup the timing and the phase of the downlink TRAU frames will jump from the original, delay optimal alignment to the TFO frame driven alignment, which is in worst case nearly 40ms out of optimum. 
The TFO_TRAU performs this jump exactly when it receives the first TFO Frame and passes this TFO frame nearly without processing delay as TRAU frame downlink. In case of AMR this saves about 40ms signal delay (5 ms uplink Abis, 25ms algorithmic and 10ms processing delay). A sequence of "1" Time Alignment bits in the LSB of the Abis should fill the gap between the last normal TRAU frame and the new TFO driven TRAU frame.
The TFO_BTS has to buffer these new TRAU frames until they fit into the downlink frame structure (as said that may be up to 40ms). The gap may be filled by Layer_2 fill frames or Speech frames with corrupted CRC or other suitable means. Then the TFO_BTS may perform phase alignment by RATSCCH signalling as described in GSM 08.60 and GSM 05.09 in order to reduce the delay by 20ms.
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