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3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

ACS
Active Codec Set

ACT
Active Codec Type

AMR
Adaptive Multi-Rate

ATVN
AMR-TFO Version Number

BSC
Base Station Controller

BSS
Base Station Sub-system

BTS
Base Transceiver Station

CACS
Common Active Codec Set

CSCS
Common Supported Codec Set

DACS
Distant Active Codec Set

DSCS
Distant Supported Codec Set

EFR
Enhanced Full Rate 

FQI
Frame Quality Index

FR
Full Rate

HOM
Hand-Over-Mode

HR
Half Rate

IACS
Immediate Active Codec Set

ICM
Initial Codec Mode

IPE
In Path Equipment

LACS
Local Active Codec Set

LSB
Least Significant Bit

LSCS
Local Supported Codec Set

MACS
Maximum number of Codecs Modes in the Active Codec Set

MGw
Media Gateway

MS
Mobile Station

MSB
Most Significant Bit

MSC
Mobile Switching Centre

OACS
Optimised Active Codec Set

OD
Optimal or Distant Configuration requested

OM
Optimisation Mode supported

PCM sample
8-bit value representing the A_Law or _Law coded sample of a speech or audio signal; sometimes used to indicate the time interval between two PCM samples (125(s).

PCM
Pulse_Coded_Modulation

PCM_Alaw_Idle
PCM sample with value 0x54

PCM_Alaw_Idle
PCM sample with value 0x54.

PCM_Alaw_Silence
PCM sample with value 0xD5

PCM_Alaw_Silence
PCM sample with value 0xD5.

PCM_Idle
either PCM_Alaw_Idle, or PCM_Law_Idle, dependent on application

PCM_Silence
either PCM_Alaw_Silence, or PCM_Law_Silence, dependent on application

PCM_Law_Idle
PCM sample with value 0x00

PCM_Law_Idle
PCM sample with value 0x00.

PCM_Law_Silence
PCM sample with value 0xFF

PCM_Law_Silence
PCM sample with value 0xFF.

PDU
Packet Data Unit

PLMN
Public Land Mobile Network

RAN
Radio Access Network

RATSCCH
Robust AMR Traffic Synchronised Control Channel

RIF
Request Indication Flag

RNC
Radio Network Controller
SCR
Source Controlled Rate
SCS
Supported Codec Set

T_Bits
Time Alignment Bits

Tbfh
Time delay Bad Frame Handling

TC
Transcoder

TCME
TFO Circuit Multiplication Equipment

TFO
Tandem Free Operation

TFO
Tandem Free Operation

TFO_ACK
TFO Acknowledgement Message

TFO_DUP
TFO (Half) Duplex Mode Message

TFO_DUP
TFO (Half) Duplex Mode Message

TFO_FILL
TFO Fill Message

TFO_NORMAL
TFO Normal Mode Message

TFO_REQ
TFO Request Message

TFO_SYL
TFO Sync Lost Message

TFO_TRANS
TFO Transparent Mode Message

TFO_TRANS
TFO Transparent Mode Message

TRAU
Transcoder and Rate Adaptor Unit

TrFO
Transcoder Free Operation

TSM
TFO Setup Mode

Tultfo
Time delay UpLink TFO

UE
User Equipment

C.3.2.3
Maximum Rate Control

In case of the non_AMR Codec Types (GSM_FR, GSM_HR, GSM_EFR) no rate control is applied.

In case of AMR Rate Control shall be performed for both directions. This Rate Control shall be independent of the TFO States in TRAU and BTS. In case the TFO_Protocol alters the Max_Rate parameter this shall be taken into account to the earliest possible point in time for all following frames in both directions. During the TFO negotiation the Max_Rate can be set to the TFO Setup Mode. While in Tandem Free it can be set to Handover Mode before a handover occurs.
TFO Setup Mode: AMR mode to be used when switching to Tandem Free Operation. During the TFO negotiation the CACS to be used in TFO is determined (see clause 12). The corresponding TSM is derived in a similar way as the ICM (see [9]). Prior to switching to TFO the AMR modes are steered to the TSM.
Handover Mode: It is determined before the handover based on the new CACS after handover according to the rules for the new default ICM available in [9].

NOTE 1: It is recommended that the operator uses the default rule of ICM definition rather than setting it to an arbitrary value. Otherwise the Handover Mode won’t be identical to the ICM of the new cell.
Maximum Rate Control for the downlink direction: Tx_TRAU shall switch the AMR codec mode for the downlink direction (encoding) according to the UL CMC (Rate Control) received from the Rx_TRAU and the local "Max_Rate" parameter by taking the minimum of both. 

Maximum Rate Control for the uplink direction: Tx_TRAU shall take the minimum of the local "Max_Rate" parameter and the received Rate Control parameter (CMR) from Rx_TFO and shall send this result downlink to the BTS within the CMR field. If no CMR is received from Rx_TFO, because TFO is not ongoing, then this CMR shall be assumed to be at maximum (7).

D.3
TFO_TC

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

The TFO_TC 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 MSC Server (TFO_MSC) to resolve Codec Mismatch, see Figure D.3.1-1.

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 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.
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Figure D.3-1: The five TFO_TC Processes and the TFO_MSC Process

D.3.5.1
Messages from the MSC Server to TFO_Protocol

Rx == New_Speech_Call (Local_Used_Codec);
Initialises the TC.

Rx == New_Local_Codec (New_Local_Used_Codec);
In Call Modification to another Codec Type or Configuration.

Rx == Data_Call;
In Call Modification to Data_Call (not relevant)

Rx == New_Local_Codec_List (Codec_List);
Information on available resources


Rx == TC_Idle;
The TC is set into Idle mode (equivalent to TRAU_Idle see clauses 10.4 and C.3.5.1)
Rx == TFO_Enable;
Enable the TFO_Protocol process

Rx == TFO_Disable;
Disable the TFO_Protocol process

D.3.5.4
Messages between TFO_Protocol and Tx_TFO 

The symbol () indicates that these Messages contain parameters, see Clause 8.

Tx:= TFO_REQ ();



main TFO_REQ Message.

Tx:= TFO_ACK ();



main TFO_ACK Message, response only to TFO_REQ.

Tx := TFO_REQ_L ();


used in Mismatch, Operation and Periodic_Retry to inform 









about alternative Codec Types and Configurations

Tx:= TFO_ACK_L ();


response only to TFO_REQ_L.

Tx:= Con_Req ();



used in TFO to inform the distant TFO Partner about the local Configuration;









second method to TFO_REQ_L with same parameters, but 10 times faster;
Tx:= Con_Ack ();



used in TFO to respond to Con_Req.
Tx:= TFO_TRANS ();


command IPEs to go transparent.

Tx:= TFO_NORMAL;


reset IPEs into their normal operation.

Tx:= TFO_FILL;




mainly to pre-synchronise IPEs.

Tx:= TFO_DUP;




"I receive TFO Frames in Establishment".

Tx:= TFO_SYL;




"I lost TFO Frame synchronisation".

Tx:= Begin_TFO;



Insert TFO Frames from now on.

Tx:= Discontinue_TFO;


Discontinue inserting TFO Frames.

Clear Tx_Queue;




Clears all remaining commands from Tx_Queue.









This command is executed immediately and









does not go via the Tx_Queue (of course not).

Tx:= Set_Max_Rate (Max_Rate);

The Rate Control is limited to an upper bound..











This command is executed immediately and 











does not go via the Tx_Queue!

Rx == Runout;




Tx_TFO reports that the continuous stream of outgoing 









TFO Messages may be interrupted soon.

D.3.5.5
Messages from Rx_TFO to TFO_Protocol

The symbol () indicates that these Messages contain parameters, see Clause 8.

Rx == TFO_REQ ();

Rx == TFO_ACK ();

Rx == TFO_REQ_L ();

Rx == TFO_ACK_L ();

Rx:= Con_Req ();

Rx:= Con_Ack ();

Rx == TFO_TRANS ();


serves as alternative, faster TFO_ACK in some cases!.

Rx == TFO_NORMAL;

Rx == TFO_FILL;

Rx == TFO_DUP;

Rx == TFO_SYL;

Rx == TFO_Frame ();

TFO_Frame (Distant_Used_Codec; Number_of_Received_Frames).

Rx == Frame_Sync_Lost ();

Frame_Sync_Lost (Number_of_Lost_Frames).

Rx == Mess_Sync_Lost;

Message_Sync_Lost.

Rx == PCM_Non_Idle;

at the beginning of a period with several samples/frame 


that are different from the PCM_Idle sample.

The message "TFO_Frame ()" needs to be sent only at the first five occurrences, either after a not valid TFO Frame, or if the Distant_Used_Codec changed.

The message "Frame_Sync_Lost ()" needs to be sent only at the first five occurrences of errors in TFO Frames or loss of synchronisation, after a correctly received TFO Frame.

The message "Mess_Sync_Lost" is sent, when after a valid TFO Message no following TFO Message is found.

D.4
TFO in the RNC

The RNC does not differentiate between "Normal Tandem Operation", "Transcoder Free Operation" or "Tandem Free Operation". Therefore no TFO_RNC process is necessary.

The RNC is aware that Rate_Control_Req Commands may be sent from the CN that restrict the maximally allowed rate in uplink direction. It sends Rate_Control_Ack messages back for confirmation, including the Rate Control for downlink. For details see 3GPP TS 25.415. The Rate_Control_Ack is important for the TFO_Protocol to go into the KONNECT state.
Note 0: Iu User Plane Frame Protocol (see [17]) Release ‘99 cannot be used for TFO, unless there’s only one mode in the ACS, since it does not support up-link rate control.
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