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Annex C (Normative):
Processes for Tandem Free Operation in GSM

C.1
Scope

This Annex C describes the necessary and optional actions within the BSS in GSM for Tandem Free Operation.

C.2
Overview

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 C.2-1 provides an overview of the TFO processes inside the BSS . This figure shows also the interfaces between these TFO processes.
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Figure C.2-1: Processes and Interfaces for TFO in GSM

The interfaces as shown in Figure C.2-1 are:

(
The Abis/Ater Interface (traffic): Only for the AMR speech Codec Type the Abis/Ater interface is influenced by the TFO. In this case TFO information is exchanges in Config frames

(
An optional  proprietary interface between the BSC and the TRAU, which may be used for AMR, 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.

(
Layer 3 signalling between the BSC and the MS to modify a Codec Type or a Codec Configuration .

(
Air interface (RATSCCH, see GSM 05.09) to change the Codec Mode Indication phase in downlink or the codec configuration in case of AMR TFO.

TFO involves the following processes:

· TFO_TRAU: Mandatory for all Speech Codec Types

· TFO_BTS: Not existent for FR, HR and EFR; some parts; some parts required, some optional for the AMR Speech Codec Type

· TFO_BSC: Optional for all Speech Codec Types

C.2.1
TFO_TRAU

Tandem Free Operation is essentially managed by the TRAU. In the simplest implementation version the TRAU can establish and maintain TFO fully on its own (within certain limits) as described below.

For all Codec Types the TRAU is responsible for the inband TFO Protocol, i.e. the TFO negotiation, TFO setup and the fast fall back to normal operation, if necessary. The TRAU has to monitor the ongoing call permanently for fast reaction, if required.
In all cases the TRAU has to perform the TFO Decision algorithm (see sub-clauses 11 and 12). This TFO decision algorithm takes all known local and distant configuration parameters into account and identifies whether TFO is possible and what are the optimal call configuration parameters (Optimal Codec Type and Codec Configuration) in the given situation. 
The TRAU has the responsibility to inform the BSC (and the BTS) about any change in the distant call configuration. It is optional for the BSC and the BTS to evaluate this information.

The TRAU may provide to the BSC and the BTS the optimal call configuration parameters resulting from the TFO Decision algorithm. It is optional for the BSC and/or BTS to evaluate these parameters. See also Annex D (TFO in UMTS) where the TC runs the TFO Decision algorithm and may provide the optimal configuration parameters to the MSC Server.

In case of the AMR Codec Types the TRAU is responsible for the TFO relevant Rate Control. It shall limit the maximally allowed Rate (Codec Mode) in a way that it is always within the Common Active Codec Set of both sides. During TFO Konnect the TRAU is responsible to steer the uplink rate down to the TFO Setup Mode and release it as soon as TFO is in Operation.

If informed by the BSC with Pre-Handover Notification (optional), the TRAU is responsible for a safe handover in TFO by steering the uplink and downlink rates down into the Handover Mode, to fit after handover.

C.2.2
TFO_BSC

The BSC has the overall responsibility, especially for all resources, on the radio channel and the BSS. For all Codec Types the BSC is responsible for Call Setup and for the support of BTS and TRAU with the necessary configuration parameters (Codec Type, Codec Configuration, alternative Codec List, radio channel capacity, Abis channel capacity, etc). The BSC is responsible to enable or disable TFO.
 
The BSC is responsible for Handover and should take care that the call configuration is not modified during handover unless absolutely necessary, because every local change has direct influence on the distant side.

The BSC is responsible that TFO is properly terminated before handover, if the call configuration after handover is not longer TFO compatible. This feature is optional. The BSC may delegate this responsibility to the TRAU, but this can only perform optimal, if supported by Pre-Handover Notification (optional).

The BSC is responsible for the change of the Codec Type, e.g. for Mismatch Resolution and Optimisation for TFO, if this is required or better for Tandem Free Operation. This feature is optional. This modification needs to be performed by BSS-MS Layer 3 signalling (Intra-cell Handover). 

For the AMR Codec Types the BSC is responsible for the change of the AMR configuration, if this is required or better for Tandem Free Operation. This feature is optional; it is signalled by the TFO Mode Version. If the BSC signals that it is willing to change, then it shall perform the change when necessary. The change may be performed by BSS-MS Layer 3 signalling (Intra-cell Handover or Mode Modify) or by BTS-MS inband signalling (RATSCCH).
The BSC may delegate the responsibility for changes of the AMR Configuration temporarily or fully to the BTS (optional). If this option is selected, then the BSC shall guarantee that the MS gets the correct and consistent configuration after local handover. This may be achieved by the BSC in two ways: either by withdrawing this responsibility from the BTS before every local handover in order to guarantee that the BTS terminates a potentially ongoing configuration modification properly; or by providing the full set of Configuration parameters for the time after handover to the MS and new BTS.

C.2.3
TFO_BTS

The BTS is not specifically involved in TFO processes for the Non_AMR Codec Types (FR, HR, EFR). 
For the AMR Codec Types the BTS is responsible for the following functions. Some are optional.

The BTS receives the Codec Type and Codec Configuration from the BSC. The BTS shall send them in Config Frames uplink to the TRAU.
Note: The term "Config Frame" is used whenever configuration data are exchanged between BTS and TRAU, although in some Codec Modes these configuration data can be embedded into speech frames. But this is not relevant for the procedures and the understanding.

The BTS is responsible for the Rate Control concerning its local uplink and downlink radio interface.

The BTS shall take the Rate Control commands (CMR) from the TRAU into account, regardless whether TFO is ongoing or not. By this the TRAU can steer the Codec Mode (Rate) into the TFO Setup Mode (before TFO) and into the Handover Mode (in TFO, if informed properly by the BSC), and the TRAU can keep the Rates within the Common Active Codec Set.

The BTS shall suspend Time Alignment, when TFO is announced or established by the TRAU. Instead the BTS shall buffer the downlink TRAU frames for the proper transmission on the air interface. The BTS may perform  phase alignment on the downlink radio interface by RATSCCH to optimise the downlink speech delay. This feature is optional.

The BTS shall perform bad frame handling and SID and No_Data frame handling in downlink.

The BTS has the (optional) ability to perform a traffic synchronised modification of the AMR Configuration (Active Codec Set) by the RATSCCH protocol without interrupting the speech communication. This is important in TFO situations where the distant TFO Partner modifies its AMR Configuration relatively often. This RATSCCH protocol can be triggered by the BSC. If delegated by the BSC to the BTS the RATSCCH protocol can be triggered by the BTS itself, or by the TRAU. The latter two options reduce the signalling and computational load of the BSC.

C.2.4
Modifications of the Codec Type and/or the Codec Configuration

The following sections provide a brief overview over all possible versions. They differ in the Node where the TFO Decision is performed and the Node that executes the decided change. The following table provides an overview:

                                             TFO Decision by  →

↓ Execution of change by
TRAU
(always necessary)
BTS
(optional)
BSC
(optional)

TRAU (only Rate Control)
Version 0
-
-

BTS (only Configuration change by RATSCCH)
Version 5
Version 3
Version 2

BSC (Codec Type change by Layer 3 and Configuration change by Layer 3
Version 6
(used in UMTS)
Version 4
Version 1


Version 0 TRAU decided, no change: The TRAU gets the distant Codec Type and Codec Configuration and runs the TFO Decision algorithm. No change of Codec Configuration or Codec Type is allowed. The TRAU may only limit the maximally allowed Codec Mode via Rate Control.
Versions 1 and 2, BSC decided: The BSC gets the distant Codec Type and Codec Configuration from the TRAU and runs the TFO Decision algorithm (in addition to the TRAU). If necessary the BSC modifies the Codec Type (including the Codec Configuration) by Intra Cell Handover (Version 1 only). If only the Codec Configuration has to be changed, the BSC can do this either by Intra Cell Handover or by Mode Modify (Version 1) or by RATSCCH (Version 2).
Note: This versions provide the slowest Codec Configuration modification on interface (5), due to the signalling on interface (3) and potential latency time within the (loaded) BSC. It generates some signalling load on interfaces (3) and (4) and some computational load within the BSC. The AMR internal Rate Control and Configuration problems are clearly visible for the BSC. The BSC has full control. Intra Cell handover for Codec Configuration modification requires radio capacity and some interruption of the speech path. Mode Modify for this purpose does not guarantee a synchronised update in MS and BTS. In both cases it is recommended to terminate TFO before, if ongoing.
The TFO Decision algorithm must be implemented and updated identically in TRAU and BSC to get consistent results.

Versions 3 and 4, BTS decided: If delegated so by the BSC the BTS has to run the TFO Decision algorithm (in addition to the TRAU) and has to perform Configuration Optimisation and Modification by the RATSCCH protocol (Version 3). In this case the BTS has to inform the BSC after each successful modification on the radio interface. The BSC can suspend this BTS process at any time. It may be necessary to suspend it by the BSC especially before handover and delegate it after handover again. In cases when the Codec Type must be modified, the BTS must send the Optimal Codec Type and Codec Configuration to the BSC for the modification and shall not perform any modification itself (Version 4).
Note: Version 3 provides the fastest Codec Configuration modification on interface (5) with minimal signalling on interfaces (3) and (4) and minimal computational load within the BSC. It hides AMR internal Rate Control and Configuration problems for the BSC. The BSC has not to run the TFO Decision algorithm, but the BTS. Version 4 is similar to version 1 in timing.

Versions 5, TRAU decided, BTS executed: The TRAU has to run the TFO decision algorithm anyway. It sends the Optimal Codec Type and Codec Configuration down to the BTS. This eliminates the need to run the TFO Decision algorithm in the BTS and/or BSC again. In cases when the Codec Type must be modified, the BTS must send the Optimal Codec Type and Codec Configuration to the BSC for the modification and shall not perform any modification itself (see Version 6). 
If delegated by the BSC the BTS has to perform Codec Configuration modification (if the Codec Type does not change) by the RATSCCH protocol. In this case the BTS has to inform the BSC after each successful modification. The BSC can suspend this BTS process at any time. It must be suspended by the BSC especially before handover and delegated after handover again.
Note: This version provides the fastest Codec Configuration modification on interface (5) with minimal signalling on interfaces (3) and (4) and minimal computational load within the BTS and BSC. It hides AMR internal Rate Control and Configuration problems for the BSC. The BTS and the BSC do not have to run the TFO Decision algorithm. This version is preferred in networks with different configurations in neighbouring cells and/or the TFO partners, where the configuration changes often during handovers, especially at the distant side.

Version 6, TRAU decided, BSC executed: 
The TRAU has to run the TFO decision algorithm anyway. It sends the Optimal Codec Type and Codec Configuration down via the BTS to the BSC, or via a proprietary TRAU-BSC interface directly to the BSC. This eliminates the need to run the TFO Decision algorithm in the BTS and BSC again. The further procedures are as in version 1, BSC executed.
Note: The TFO Decision algorithm must only be implemented and updated in one unit, the TRAU. This guarantees consistency. The BTS and BSC functions for TFO remain relatively simple. This version is preferred in networks with identical or compatible configurations in neighbouring cells and similar TFO partners. It performs best if the configuration do not have to be changed during handovers on both sides. In the optimal case (full AMR set in all cells) the Codec Configuration need not to be modified at all and the TFO_BSC and TFO_BTS processes disappear.
This version is used for TFO in UMTS (see Annex D).

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

C.3
TFO_TRAU

The following sub-clauses 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, and 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 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 C.3-1.

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 C.3-1: The five TFO_TRAU Processes

C.3.1
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 48.060 and GSM 48.061). 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 and commands from the Uplink TRAU Frames and sends corresponding Rx_TRAU Messages to the Tx_TRAU Process (see GSM 48.060 and GSM 48.061) and the TFO_Protocol Process (see Sub-clause C.3.5).

In case of the AMR new Configuration parameters may be received via Config frames. They are always directly passed to Tx_TFO, although they are only sent in TFOul == ON (see Tx_TFO) to the distant TFO partner. The Configuration parameters are also sent to TFO_Protocol and Tx_TRAU.

Especially important is the Config_Ack from the BTS as the reaction to the Config_Req (triggered by Action RCi), because this indicates that the Rate Control has been successfully executed and the uplink rate is in the TFO Setup Mode. TFO can then be established.

C.3.2
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: TFOdl == OFF (start-up default state) and TFOdl == ON (see Figure C.3.2-1).

TFO_Protocol Protocol controls the transitions between these states using the Accept_TFO (AT) and  Ignore_TFO (IT) commands. 
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Figure C.3.2-1: States of the Tx_TRAU Process

During TFOdl == OFF Tx_TRAU performs all actions of a conventional downlink TRAU (see GSM 48.060 respectively GSM 48.061): 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. 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 (Rate Control) received from the Rx_TRAU and modifies the CMI/CMR phase alignment when requested by TFO_BTS via the Rx_TRAU. 

In case of AMR The Tx_TRAU sends on command by TFO_Protocol the Distant TFO configuration parameters by a Config Frame downlink to the BTS. This Config Frame indicates in addition by TFO_SOON that TFO will be established soon, or by TFO_OFF that a mismatch has been detected by the TRAU and TFO has been terminated.
In case of AMR Tx_TRAU performs Maximum Rate Control for the uplink direction by taking the minimum of the local "Max_Rate" parameter and the received Rate Control parameter (CMR) from Rx_TFO and sends this result downlink to the BTS within the CMR field. This Rate Control is independent of the TFO state. In case the TFO_Protocol alters the Max_Rate parameter this has to be taken into account to the earliest possible point in time for all following frames.

During TFOdl == 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.

During TFOdl == 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.

In case of AMR the Tx_TRAU sends on command by TFO_Protocol the distant TFO configuration parameters and/or the Optimal Codec Type and Optimal Configuration via a Config Frames downlink to the BTS. This Config Frame indicates in addition by TFO_ON that TFO is established.

In case of AMR the transition from TFOdl == OFF to TFOdl == ON and vice versa causes in general a phase shift of the downlink TRAU frames. Tx_TRAU shall in these cases always complete the transmission of the ongoing TRAU frame and shall then insert the necessary number (0 to 159) of "1" bits (TRAU8k) or "11" pairs (TRAU16k) on the Abis/Ater interface before the next TRAU frame is sent.

C.3.2.1
Downlink Speech Transmission and DTX handling if TFO is ON

There are four possible cases regarding DTX in a Mobile-to-Mobile communication, as reflected in Table C.3.2.1-1.

Table C.3.2.1-1: 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

C.3.2.1.1
FR, EFR and HR cases

If neither Distant Uplink nor Local Downlink DTX are active (case 0 in Table C.3.2.1-1), 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 C.6.2), 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.

If Distant Uplink DTX is active, but not Local Downlink DTX (case 1 in Table C.3.2.1-1), 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.

If Distant Uplink DTX and Local Downlink DTX are active (case 2 in Table C.3.2.1-1), then the Tx_TFO Process receives TFO Frames containing either Speech parameters (SID == "0,  handling see Sub-clause C.7.1) 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.

If distant Uplink DTX is not active, but local downlink DTX is on (case 3  in Table C.3.2.1-1), 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 alternatives 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 C.3.2.1-1, 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.

C.3.2.1.2 
AMR case

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. This is instead handled within the BTS and the Mobile Station.

C.3.2.2
Synchronisation and Bit Errors in Received TFO Frames

C.3.2.2.1
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.

C.3.2.2.2
AMR case

C.3.2.2.2.1
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..

C.3.2.2.2.2
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.

C.3.3
Tx_TFO Process

The Tx_TFO Process gets directly the unaltered Uplink TRAU Frames (containing the speech parameters and the control bits) and the decoded speech PCM samples from Rx_TRAU. It further gets internal messages (commands) from TFO_Protocol via the Tx_Queue.

Tx_TFO has two major States: TFO == OFF (default at beginning) and TFO == ON, see Figure C.3.3-1.

Toggling between these two States is commanded by TFO_Protocol with Begin_TFO (BT) and Discontinue_TFO (DT). 
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Figure C3.3-1: States of the Tx_TFO Process

During TFOtx == OFF, decoded speech PCM samples and regular TFO Messages (if any) are sent onto the A interface. Time Alignment takes place only once, just before the beginning of the first regular TFO Message.

During TFOtx == ON, TFO Frames and embedded TFO Messages (if any) are sent. Time Alignment takes place just before the first TFO Frame and then whenever required in between two TFO Frames.

The Tx_TFO Process builds the relevant TFO Frames and sends them in the correct phase relation onto the A-Interface. Time alignment of  TFO Messages and TFO Frames are handled autonomously and independent of the TFO_Protocol Process. Rx_TRAU informs Tx_TFO about any changes in the phase position of the Uplink TRAU Frame and Tx_TFO inserts automatically the correct number of T_Bits before the next TFO Frame, and embeds autonomously the next TFO_Message or a TFO_FILL Message, if necessary.

The TFO_Protocol Process can send internal messages into the Tx_Queue (First In, First Out). Tx_TFO shall take the message from the Tx_Queue one by one, shall process them autonomously and shall send the resulting TFO Messages in correct order and phase position, as regular or as embedded TFO Messages.Tx_TFO shall generate a Runout Message to TFO_Protocol, if the last TFO_Message  is sent without guarantee of a direct continuation by another TFO Message, i.e. if the (possible) IPEs may have run out of synchronisation (see Appendix A). TFO_Protocol may delete messages from Tx_Queue, as long as they are in there: 
Command "Clear Tx_Queue", at time Tc. 

Basically, messages or commands that are already in processing by Tx_TFO at Tc can not be stopped, deleted or interrupted. The TFO Protocol is designed to work properly with that default handling, although not with fastest processing.

But, Tx_TFO shall investigate at Tc, how far the transmission of the current TFO Message has proceeded and shall "Modify on the Fly" this last TFO_Message before Tc into the first one after Tc, see Figure C3.3-2.
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Figure C.3.3-2: Examples of Modification on the Fly within the Header Transmission

Tx_TFO performs Maximum Rate Control for the downlink direction by taking the minimum of the local "Max_Rate" parameter and the received Rate Control parameter (CMR) from Rx_TRAU and sends this minimum uplink to the distant TFO partner as CMR. This Rate Control is independent of the TFO state, but has only effect if TFO Frames are sent. In case the TFO_Protocol alters the Max_Rate parameter this has to be taken into account to the earliest possible point in time for all following frames. This Max_Rate parameter is therefore not passed through Tx_Queue.

When the AMR speech Codec Type is the Used_Codec_Type, the TFO frame format depends on the ACS and the Codec Type of both radio legs.
The TFO16k frame format (16 kbit/s) must be used when the ACS contains modes higher than 6.7 kbit/s. or both TFO partners use FR_AMR or UMTS_AMR.
The TFO8k frame format (8 kbit/s) must be used when the ACS contains only modes below 7.4 kbit/s and at least one TFO partner uses HR_AMR.
It might therefore be necessary to change the TFO frame format during ongoing Tandem Free Operation, when the ACS changes. Note: The changes of the TFO Frame format are not related to the Rate Control procedure

. The frame format must be changed from 16 kbit/s to 8 kbit/s when the new ACS contains only modes below 7.4 kbit/s. The frame format must be changed from 8 kbit/s to 16 kbit/s when the new ACS contains at least one mode higher than 6.7 kbit/s (see Sub-clause5.3).

-
When changing from 16 kbit/s to 8 kbit/s Tx_TFO TFO sends one TFO_TRANS8k message, embedded into the last five TFO16k frames, then changes the TFO frame format to TFO8k and then sends a second TFO_TRANS8k message embedded into the first five TFO8k frames.

-
When changing from 8 kbit/s to 16 kbit/s Tx_TFO sends one TFO_TRANS16k message, embedded into the last five TFO8k frames, then changes the TFO frame format to TFO16k and then sends a second TFO_TRANS16k message embedded into the first five TFO16k frames..

Note: A change of the TFO frame format to another TFO frame format causes in general a shift of the TFO frame position (1..2 ms) and needs therefore proper insertion of T-Bits. Alternatively the higher delay version may be taken as reference and the delay difference of the other version may be compensated by buffering in the Tx_TFO process. Then no variation of the delay occurs. This is especially helpful to reduce the delay variations on the distant downlink interface and to reduce potential phase alignments there.

The detailed description is provided in the state machine description in Clause 10.

C.3.4
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 synchronsation 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 reconstruct with ‘1’ bits before passing 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 and further on to the BTS.

C.3.4.1
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 48.060 and 48.061.

During Tandem Free Operation, however, it is sometimes necessary to exchange TFO Messages by embedding them into the TFO Frame flow. This is explicitly indicated by a control bit (C5) for the 16 kbit/s TFO frame, and implicitly by the TFO frame itself 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. 

C.3.4.2
Errors in TFO Messages and TFO Frames 

Some Definitions, which may serve as a guideline:

A TFO Message is called "error-free", if no error can be detected within the whole message.

A TFO Message is called "single-error", if no more than one bit position differs either in the IS_Header or the IS_Command_Block or the GSM_Ident_Block or the IPE_Mode_Block or the Sync bits and no errors are detectable within  the CRC fields or the EX-fields.

A TFO Message may be regarded as "correctable", if the phase position is the same as the preceeding TFO Messages and

-
no more than 2 bit positions differ in the IS_Header; and 

-
no more than 1 error is detected within the IS_Command_Block; and 

-
no more than 3 errors are detected within the IPE_Mode_Block; and

-
no more than 3 errors are detected within the GSM_Ident_Block; and

-
no more than 1 error is detected within the Sync-Bit(s); and

-
no more than 0 error is detected within the EX-field(s); and

-
no more than 0 error is detected within the CRC-fields; and

-
the total number of detected errors is not higher than 3.

TFO Message, which are error-free, single-error or correctable are also called "valid" TFO Messages. All other TFO Messages are called "not-valid".

A TFO Message may be regarded as "present", if  the phase position is the same as the preceeding TFO Messages and

-
no more than 4 bit positions differ in the IS_Header; and

-
no more than 2 errors are detected within the IS_Command_Block; and 

-
no more than 3 errors are detected within the IPE_Mode_Block; and

-
no more than 3 errors are detected within the GSM_Ident_Block; and

-
no more than 2 errors are detected within the Sync-Bit(s); and

-
no more than 1 error is detected within the EX-field(s); and

-
no more than 1 error is detected within the CRC-fields; and

-
the total number of detected errors is not higher than 5.

Sequences, which are not "valid" or "present" shall not be recognized as TFO Messages at all ("not-present").

Note that the insertion of T_Bits may change the phase position of  the TFO Frames and of bits of an embedded TFO Message. The TFO Message shall in that case be classified after the removal of the T_Bits.

An octet slip may also change the phase position of bits within a regular or embedded TFO Message.

If an error-free or a single-error TFO Message can be found after considering a hypothetical octet slip ((1 sample), then it may be regarded as error-free or single-error and the new phase position shall be regarded as valid, if no valid or present TFO Message can be found at the old phase position.

A TFO Frame is called  "error-free", if no error can be detected within the whole frame.

A TFO Frame is called "single-error", if no more than one bit position differs either in the synchronisation bits or the T_Bits and if no other errors can be detected. TFO Frames, which are error-free, or single-error are also called "valid" TFO Frames. All other TFO Frames are called "not-valid".

A TFO Frame may be regarded as "present", if 

-
no more than 4 bit positions differ in the synchronisation bits

-
no more than 2 errors are detected within the T_Bits;

-
no more than 1 error is detected within the control bits;

-
no more than 1 error is detected within the CRC block; and

-
the total number of detected errors is not higher than 5.

Bit sequences, which are not “valid” or "present" shall not be recognized as TFO Frames at all ("not-present" ).

Note that the insertion or deletion of T_Bits may change the phase position of  the TFO Frames. The TFO Frame shall in that case be classified after considering the T_Bits.

An octet slip may also change the phase position of bits within a TFO Frame. Typically a TFO Frame can not be corrected after an octet slip, but the next TFO Frame shall be found again.

The speech data bits of a valid TFO Frame shall be regarded as "bad", if the BFI flag is set to BFI == "1". In that case Bad Frame Handling shall be performed for the FR, HR and EFR speech Codec Types. For AMR, all frames are passed unchanged to the Tx-TRAU. Similar definitions hold for other valid TFO Frames, equivalent to Uplink TRAU Frames, e.g. Invalid SID…  (see GSM 08.60 and 08.61).

C.3.5
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 configuration,

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

-    or its Configuration Parameters (e.g. the ACS in case of AMR) (New_Local_Config) and 
-
a modification of the list of the alternative speech Codec Types (New_Local_Codec_List)
-   TFO Enable or TFO Disable
-
Handover Soon..

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

The other parameters are received from the BSC, via the BTS in Config Frames (AMR case only) or in an manufacturer dependent way.

C.3.5.1
Messages from Rx_TRAU or local BSS

Rx == New_Speech_Call ();
Rx_TRAU is activated by BTS

 (several TRAU Frames).

Rx == New_Local_Codec ();
In Call Modification to other Codec Type (several TRAU Frames).

Rx == New_Local_Config ();







In call modification (e.g. new ACS, in Config Frame)

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

Rx == Local_Codec_List;
Manufacturer dependent

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.

Rx == UL_Ack ();










The sent Dis_Req is acknowledged by the BTS, especially
















important and handled as RC_Ack in WAIT_RC State.

Rx == Handover_Soon ();








Optional Pre-Handover warning (e.g. in Config_Frame)

C.3.5.2
Messages to Tx_TRAU

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

Rate Control in Tx_TRAU shall take the distant side into 

account.

Tx_TRAU := Ignore_TFO;
TFO Frames shall be ignored in 

general. Rate Control in Tx_TRAU shall ignore the distant 

side..

Tx_TRAU := Set_Max_Rate ();

The Rate Control shall be limited to the give maximum rate,










e.g. TFO Setup Mode, Handover Mode, Maximum mode of the Common ACS.










The new Max_Rate value shall be taken into account in the next possible frames.

Tx_TRAU := Config_Frame ();

A Dis_Req frame with all available distant TFO parameters is sent to the BTS.










(The BTS has to acknowledge this by UL_Ack => RC_ACK.)

Tx_TRAU := TFO_Soon;


TFO_SOON is sent to the BTS (The BTS shall stop Time alignment).

Tx_TRAU := TFO_On;



TFO_ON is sent to the BTS (The BTS may perform round trip delay measurements;










the BSC should not alter the configuration during handover).

Tx_TRAU := TFO_Off;



TFO_OFF is sent to the BTS after no more TFO Frames are received and 










the normal Tx_TRAU operation has been resumed. 










The BTS shall resume normal operation, too.

C.3.5.3
Optional Messages to the local BSC

Tx_BSC := TFO (Distant_Used_Codec, Distant_Codec_List, Distant_Configuration, Optimal Codec Type and Configuration, …) .

For the AMR, FR, HR and EFR Codec Types these parameters may be transmitted on a proprietary interface to the BSC to allow the BSC to perform the optional Codec Type anc Codec Configuration Mismatch resolution and Optimisation.

In case of AMR these configuration parameters are transferred in Config_Prot Frames. 

C.3.5.4
Messages to and from 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 Codecs.

Tx := TFO_ACK_L ();
response only to TFO_REQ_L.

(Tx := TFO_REQ_P ());
undefined for TRAU, defined only for TCME.

Tx := TFO_TRANS ();
commands IPEs to go transparent.

Tx := TFO_NORMAL;
resets 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.

Tx_TFO := Set_Max_Rate ();

The Rate Control shall be limited to the given maximum rate,









e.g. Handover Mode, Maximum mode of the Common ACS.









The new Max_Rate value shall be taken into account in the next possible frames.

Clear Tx_Queue;
Clears all remaining commands from Tx_Queue.

Rx == Runout;
Reports that the continuous stream of outgoing TFO Messages may be interrupted (from Tx_TFO).

C.3.5.5
Messages from Rx_TFO

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 == TFO_REQ_P ()
;requests an other, preferred Codec, plus Codec_List.

Rx == TFO_TRANS ()
;may serve as alternative 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 different from PCM_Idle.

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.

C.4
TFO_BTS

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

C.4.1
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 C.4.1-1) shows the five States and the most important transitions.
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Figure C.4.1-1: Main TFO _State Diagram within the BTS

At resource allocation the BTS enters either TFO_Disabled or TFO_No, depending on the Configuration Message from the BSC (see Sub-clause C.5.2.1). The transition from one state to another one is triggered by the reception of a message, either from the BSC or the TRAU. According to the TFO_State the BTS shall initiate different actions.

In TFO_Disabled and TFO_No the BTS may perform Time and Phase Alignment. In all other States (TFO_Maybe, TFO_Yes, TFO_Terminating which are often gathered under the expression TFO ongoing , see GSM 08.60) the BTS should not send Time or Phase Alignment Messages to the TRAU, since the TRAU shall not obey them. In State TFO_Yes the BTS may perform Phase Alignment on the air interface, see GSM 05.09.

TFO_Enable and TFO_Disable are not messages per se, but are included Configuration Message from the BSC (see Sub-clause C.5.1) by setting or resetting the TFO_Enable bit. In any case the local configuration parameters shall be sent to the TRAU immediately.

TFO_Soon, TFO_On and TFO_Off are sent from the TRAU, either with or without configuration parameters from the distant side.

TFO_Enable at resource allocation brings the BTS into TFO_No. TFO_Enable is relayed to the TRAU by the BTS (TFOE bit in TRAU frames). The TRAU shall then start TFO_Negotiation with a potential TFO_Partner.

TFO_Enable in State TFO_Disabled or TFO_Terminating starts the same procedure and brings the BTS also into State TFO_No. In any other State the TFO_Enable has no effect on the ongoing procedures.

TFO_Disable at resource allocation brings the BTS into TFO_Disabled. The TRAU shall not initiate nor respond to any TFO_Negotiation. It shall terminate TFO operation or Negotiation.

TFO_Disable in TFO_Yes brings the BTS into State TFO_Terminating. TFO_Disable in any other State brings the BTS immediately into TFO_Disabled.

If TFO is enabled the TRAU will get the knowledge about the distant side by the first received TFO_REQ or TFO_ACK Message. As soon as the TRAU gets knowledge that a TFO_Partner exists  it  informs the BTS in downlink about the Distant configuration, see Sub-clauses C.6.1 and C.6.2). If TFO is possible, the TRAU  sends a TFO_Soon Message to the BTS. If TFO is not possible, the BSS may then perform Mismatch Handling.

TFO_Soon in State TFO_No brings the BTS into State TFO_Maybe. The BTS may then select a suitable Codec_Mode for TFO_Setup (TFO_Setup_Mode). This TFO_Setup_Mode is defined by implicit rules, which lead to identical results on both ends of the connection. The BTS brings the AMR Adaptation in uplink and downlink to that TFO_Setup_Mode. This is achieved before the TRAUs establish TFO.

TFO_On reports that finally TFO is ongoing, i.e. TFO Frames are exchanged in both directions. The BTS enters State TFO_Yes and enables the AMR Adaptation, now considering both radio legs for the selection of the optimal Codec_Mode.

TFO_Off brings the BTS immediately into the State TFO_No. The BSC should be informed.

C.4.2
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.

C.4.3
Handling of Errors in the TFO related information embedded in the TRAU Frames

The BTS shall check the consistency of the data sent by the TRAU regarding the distant BSS-MS configuration. If inconsistent they shall be ignored, i.e. no report is made to the BSC, no change of the MS-BTS ACS is attempted, no acknowledgement is sent back to the TRAU.

C.4.4
Procedures for Round Trip Delay Measurements

In case of AMR, the link adaptation may need information on the round trip delay between the local BTS and the local TRAU or - when TFO is ongoing - with the distant BTS. Therefore, the BTS shall count the number of elapsed TRAU frames between the sending of a “Con_Req” (see Sub-clause C.6.2) message and the receipt of the corresponding acknowledgement. This number, multiplied by 20 ms, gives an estimate of the round trip delay between the BTS and its partner. The type of acknowledgement indicates the type of partner, i.e. whether the local TRAU or the distant BTS has answered.

This procedure may be repeated whenever the status of the connection changes. The BTS may report the round trip delay measurement result to the BSC by sending a round Trip Delay Report (see GSM 08.58). Any substantial change (more than 60 ms difference) in the round trip delay may be reported, too.

C.5
TFO_BSC

The role of the BSC in TFO depends on the speech Codec Type in use, and on the degree of flexibility desired.

For the FR, EFR and HR speech Codec Types the BSC may perform the Resolution of Codec Type Mismatch and Codec Type Optimization (see Sub-clause C.5.1).

For the AMR Speech Codec Types the role of the BSC can be much more important (see Sub-clause C.5.2).

C.5.1
Resolution of Codec Type Mismatch and Codec Type Optimization

The BSC is in charge of solving the Codec Type Mismatches. The BSC receives from the TRAU or the BTS in case of AMR the distant speech service configuration (e.g. the distant used codec and the distant codec list).

The BSC transmits to the TRAU the Local configuration, via the BTS for AMR. It may have to refresh this information if the configuration changes along the time.

The BSC implements the rule provided in the Clause 11. This rule ensures that both BSCs obtain the same result. The BSC can then initiate an intra-cell Handover if a different Codec Type is required to ensure Tandem Free Operation.

C.5.2
Role of the BSC for AMR TFO

AMR introduces a degree of complexity, due to its multi-rate nature, to its link adaptation and to the different options it allows. It is required that the AMR configurations of the two terminals and two BSS be aligned.

The ACS can vary and depends on the BTS generation, BTS manufacturer or on Operators’ preferences. The ACS can be tailored to cope with the environment of a given cell, e.g. a dense urban area or a flat rural area.

The MS may either support  AMR-FR only or AMR_FR and AMR_HR. The BSS can supportfrom one  mode to all fourteen modes (8 in AMR_FR and 6 in AMR_HR). The ACS includes between 1 and 4 modes.

In addition to resolving the Codec Type Mismatch as explained in Sub-clause C.5.1, the BSC can also be involved in the following TFO related tasks:

1.
Determination and Establishment of the Common ACS.

2.
Keep as far as possible the same ACS during Handovers.

C.5.2.1
Configuration of the AMR speech service.

The MS is configured by the BSC at Call set-up and during handovers through Layer 3 signalling (see GSM 04.18). The BTS is configured through the CHANnel ACTIVation message (see GSM 08.58). The TRAU circuit pools are managed by the MSC on request of the BSC (see GSM 08.08).

The AMR configuration of the MS and BTS can be changed during the call by:

-
Intra-Cell Handover (see GSM 04.18 and 08.58),

-
Mode-Modify (see GSM 04.18 and 08.58),

-
RATSCCH (see GSM 05.09 and 08.58).

These procedures are initiated by the BSC. The RATSCCH can in addition be delegated to the BTS by the BSC at the Channel Activation. This can modify the way TRAU handles TFO setup. (see Sub-clause C.5.2.2)

The RATSCCH is the most efficient technique from a speech quality point of view since it can be faster and can minimize the number of lost frames.

The Intra-Cell Handover is a synchronized handover and creates less speech frame losses than the typical Handovers.

The Mode Modify offers the advantage of keeping the same radio resource but can introduce long speech blanks.

C.5.2.2
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 Clause 11.6. When applied, it leads to a common ACS at both ends of the TFO connection.

The resolution of  Codec Configuration Mismatch depends on the TFO Mode Version (see sub-clause C.2.4).












C.5.2.3
Handovers and the AMR TFO

Handover in an ongoing AMR-TFO connection needs more attention. It can be handled more efficiently, if the BSC takes the configurations (the active local one in the serving BTS, the future local one in the new BTS and the distant one) into account and informs the serving BTS and the new BTS before performing the handover ("Pre-Handover Notification", see Sub-clause C.4.6). The sending of the Pre-Handover Notification should take into account the round-trip delay if it has been reported by the BTS (see Sub-clause C.4.5).

The BSC, as a central point of the BSS, manages the AMR Speech Service configuration along the communication. This is done in such a way that the point ( of the list provided above can be achieved.

The BSC has at any time control over the ongoing call, especially over all used resources. Some AMR specific adaptation procedures are, however, handled by lower layer inband signalling directly, e.g. time alignment, CMI/CMC phase alignment and Codec_Mode adaptation.

C.6
The TFO_TRAU and TFO_BTS dialogue

The BTS is not involved in TFO when FR, EFR or HR Speech Codec Types are used. The following sections address the dialog between the BTS and TRAU or between the Local and Distant BTSs in case of AMR.

C.6.1
AMR TFO information elements in TRAU/TFO frames

C.6.1.1
Configuration Protocol Format

TRAU and TFO frames contain AMR and TFO parameters. These parameters are exchanged by the following configuration protocol between several entities (local BTS to local TRAU, local BTS to distant BTS, local TRAU to distant BTS and local TRAU to local BTS). Three fields are defined for the TFO and TRAU frames:

-
Config_Prot field defines the meaning of the embedded parameters (ACK, REQ), the sender and the recipient (TRAU or BTS);

-
Message No field is a protocol counter;

-
Parameters field (TFO and AMR parameters).

When transmitted, each TFO (or TRAU) frame contain a set or a subset of these parameters. Some exceptions exist (12,2 kbit/s for instance, see mapping of Configuration Parameters Sub-clause C.6.1.5)

C.6.1.2
Config_Prot field

This field serves for the Configuration Protocol on the Abis/Ater interface and the A interface in both directions to indicate the source and meaning of the configuration parameters. It is defined in the UL TRAU frames, in DL TRAU frames and in TFO frames.

Table C.6.1.2-1: Coding of the Config_Prot

Config_Prot
B0.B1.B2
Name
Exists on
Meaning
sent by
recipient

0.0.0
No_Con
UL, TFO frame, DL
No configuration included, receiver shall not acknowledge



0.0.1
Con_Req
UL, TFO frame, DL
local configuration
BTS in UL
Distant BTS

Or

Local TRAU

0.1.0
Dis_Req
DL
(subset of) distant configuration
TRAU in DL
Local BTS

0.1.1
Con_Ack
UL, TFO frame, DL
ackowledge Con_Req
Loc/Dist BTS
Dist/Loc BTS

1.0.0
Ratscch Req
UL, TFO frame, DL
Distant side do a ratscch in your ul with this ACS 
Local BTS


Distant BTS

1.0.1
UL_Ack
UL
acknowledge Dis_Req, Cconf_Req, RCi
Local BTS
Local TRAU

1.1.0
DL_Ack
DL
acknowledge Con_Req
TRAU in DL
Local BTS

1.1.1
CConf_Req
DL
optimal codec type and codec configuration for TFO (result of the TFO Decision algorithm run by the TRAU)
TRAU in DL
Local BTS

For the mapping of these bits on TRAU/TFO frames, see Sub-clause C.6.1.5

For the use of the Config_Prot, see Sub-clause C.8

C.6.1.3
Message_No Field

The Message_No is used to mark a configuration request message at sender side in order to bind the acknowledgement from the receiver side.

It is two bits long, N0 & N1. For the mapping of these bits on TRAU/TFO frames, see Sub-clause C.6.1.5
C.6.1.4
Configuration Parameters Field

The configuration parameters are:

TFO Configuration:
TFOE:
TFO Enable
ACT:
AMR_Codec_Type
CL:

Codec_List
TMV:
TFO Mode Version
 Sys_ID:
System_Identification

AMR Configuration:
ACS/UCT:
Active_Codec_Set/Used_Codec_Type
Ver:

TFO standard version number

The coding of the configuration sub-fields is:

TFO Enable (TFOE):
Bit P1 set to 0: TFO disabled; set to 1: TFO enabled.
By this bit set to 1 the BTS enables the TRAU to perform TFO negotiation and to go into Tandem Free Operation, if possible. Respectively, if this bit is set to 0, the TRAU shall terminate TFO as soon as possible and shall not initiate or respond to any TFO negotiation message.

AMR_Codec_Type (ACT):
Bits P2, P3 : 
0 0 : Used_Codec is not AMR

0 1 : Used_Codec is AMR_FR

1 0 : Used_Codec is AMR_HR

1 1 : Used_Codec is AMR_UMTS
In uplink these bits are always set to 01 or 10. In downlink, if the TRAU reports the configuration of the remote TFO partner, then these bits may be set to 00, indicating that the remote partner is TFO capable, but does not use the AMR currently.
TFO mode version (TMV) (see sub-clause C.2.4) :
Bits P17 to P19 :

0.0.0
TFO mode version 0 (TC decided, no change)
0.0.1
TFO mode version 1 (BSC decided, BSC change)
0.1.0
TFO mode version 2 (BSC decided, BTS change)
0.1.1
TFO mode version 3 (BTS decided, BTS change)
1.0.0
TFO mode version 4 (BTS decided, BSC change)
1.0.1
TFO mode version 5 (TC decided, BTS change)
1.1.0
TFO mode version 6 (TC decided, BSC change)
1.1.1
reserved for future use
Codec_List (CL):
Bit P4

Full Rate Codec
Bit P5

Half Rate Codec
Bit P6

Enhanced Full Rate Codec
Bit P7

Adaptive Multi Rate Codec, full rate traffic channel
Bit P8

Adaptive Multi Rate Codec, half rate traffic channel
Bit P9

Adaptive Multi Rate Codec, UMTS
Bits P10 to P15
Reserved for future use, set to "0"

P16

Set to "0". Extension bit. To extend to another codec list, for future use.





System_Identification (Sys_ID):
Bits P20 to P27:

0.0.0.0 . 0.0.0.0
"GSM" 
All other codes
Reserved for future use.

CRC_A (P28 to P30): 3-bit CRC over the bits P1 to P27 (see Sub-clause 6.3).

Used_Codec_Type (UCT):
The Used_Codec_Type is defined, if ACF is set to 0 (i.e. the Used_Codec_Type is not AMR).

Bits P31 to P34:

0.0.0.0

Full Rate Codec
0.0.0.1

Half Rate Codec
0.0.1.0

Enhanced Full Rate Codec
0.0.1.1

not allowed
0.1.0.0

not allowed
all other codes
reserved for future use

Bits P35 to P38 are reserved for future use and are currently set to "1.1.1.1".

Active_Codec_Set (ACS) (see GSM 05.09):
The Active_Codec_Set is defined, if ACF is set to 1 (i.e. the Used_Codec_Type is AMR).

P31
Codec_Mode 12,2 kbit/s
P32
Codec_Mode 10,2 kbit/s
P33
Codec_Mode 7,95 kbit/s
P34
Codec_Mode 7,40 kbit/s
P35
Codec_Mode 6,70 kbit/s
P36
Codec_Mode 5,90 kbit/s
P37
Codec_Mode 5,15 kbit/s
P38
Codec_Mode 4,75 kbit/s 

If one of these bits is set, then the corresponding Codec_Mode is in the Active_Codec_Set. Max_Codec_Set defines the maximum number of these eight bits that may be set. These 8 bits are at the same position as UCT bits. The ACF indicates if these 8 bits are UCT or ACS.

Version Number (Ver) :

P57-P58: 0.0

Version Number 0

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








CRC_B (P62 to P64) : 3-bit CRC over the bits P31 to P61 (see Sub-clause 8.3).

C.6.1.5
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 C6.1.5-1: 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

ACT (P2, P3)
D65, D66
#
#
D1, D2
D1, D2
#

Codec List (P4..P16)
D67..D79
#
#
D2..D14
D2..D14
#

TMV (P17..P19)
D80..D82
#
#
D15..D18
D15..D18
#

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

CRC_A (P28..P30)
D91..D93
#
#
D29..D31
#(1) 
#

Could be used 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
#









Spare (for future use)
D50, D51
#
#
D19, D224, D225
D19
#

CRC_B (P62..P64)
D123..D125
#
#
D254..D256
#(2)
#

The bit positions refer to the GSM 48.060 and GSM 48.061: D bits are data bits, C bits are control bits.

The ordering implied in the previous descriptions (see Sub-clauses C.6.1.2, C.6.1.3 and C.6.1.4) corresponds directly in the ordering of the mapping of table 10, e.g. B0 on D55, B1 on D56 and B2 on D57.

 
(1) D93..D95 are already used for the CRC of the first subframe. The bits protected by CRC_A are actually protected by CRC1 (see GSM 48.060).

 
(2)  D254..D256 are already used for the CRC of the fourth subframe. The bits protected by CRC_B are actually protected by CRC4 (see GSM 08.60).

Note for the 8 kbit/s frames: Only the “No_Speech” frames convey all parameters. Thus, a speech frame has to be stolen every time this information has to be sent. The frames with a rate lower or equal to 5,9 kbit/s can convey the Config_Prot, for example to acknowledge without stealing a frame.

Note for the 16 kbit/s frames: All the parameters are included in the rates below or equal to 10,2 kbit/s (except the Sys_ID, SCS-H and MACS-H fields for the 10,2 kbit/s). The 12,2kbit/s conveys TFO enable and the Config_Prot only. Thus a frame must be stolen to send configuration parameters except if only the Config_Prot can be used (to acknowledge for example).

C.6.2
Status of the Connection

C.6.2.1
Status Messages 

The TRAU shall inform the BTS of its status with three messages:

· TFO_Off

TFO is not established.

· TFO_Soon
TFO is likely to be established.

· TFO_On

TFO is established and ongoing.

The BTS shall inform the TRAU with one message

· Handover_Soon

Handover is to be expected soon.

C.6.2.2
Notification of Status of Connection

The Messages "TFO_Soon", "TFO_On" and "TFO_Off" are sent by the Tx_TRAU within the Time Alignment Field.

The BTS shall acknowledge the correct receipt by sending the received message back to the TRAU. If the TRAU does not get a correct acknowledgement within N_out_1 frames, then it shall repeat the message. N_out_1 shall be initialised at resource allocation to (4(, but shall be adapted to the round trip delay between TRAU and BTS during the connection.

The Message “Handover_Soon” is sent by the BTS to the TRAU within the Time Alignment. The TRAU shall acknowledge by sending the received message back if TFO is not ongoing. . If the BTS does not get a correct acknowledgement within N_out_2 frames, then it shall repeat the message. N_out_2 is set to [4]. It should be adapted according to the round-trip delay. The TRAU does not acknowledge if "Handover_Soon" is received in the TFO frame, it relays it to the BTS. The BTS shall not acknowledge the receipt of Handover_Soon.

The Time Alignment Field is used for several purposes, including Time Alignment Request and Acknowledgement. The TRAU and BTS may initiate requests independently and uncoordinated. In case of conflicts the following priority shall be obeyed: Acknowledgements shall always have higher priorities than requests. With other words: an ongoing exchange shall first be terminated before a new one is started.

In case of ongoing TFO all uplink TRAU frames shall be relayed with minimal delay onto the A interface as TFO frames. Likewise the received TFO frames shall be relayed as TRAU frames down to the BTS. The time alignment field of the TFO frames shall be ignored.

Note that the TFO_State may have impact on the way In_Call_Modification and handover should be performed. Further, if TFO_On is signalled, the TRAU must not follow the Codec_Mode_Commands sent by the BTS uplink directly, but shall relay the CMC in the TFO frames.


C.7
The TFO_BTS and TFO_BSC dialogue

This sub-clause addresses AMR case only.

The BTS and the BSC exchange messages through Layer 3 signalling. The BTS is also in contact with the TRAU and extracts the information sent by the TRAU in the TRAU frames. These pieces of information are afterward sent to the BSC. The Layer 3 messages are specified in GSM 08.58.

Reciprocally the BTS relays information received from the BSC toward the TRAU within the TRAU frames.

C.7.1
BSC to BTS messages

The BSC at Channel activation informs the BTS of the local codec configuration. It enables or disable TFO too. It can also delegate the MS ACS modification to the BTS (MultiRate Control).

The BSC can enable or disable TFO at any moment during a call whether TFO is ongoing or not (TFO MODIFICATION REQUEST).

The BSC informs the BTS of any change of the local configuration if the Codec Type Mismatch resolution and/or AMR optimization is supported. (Check to what this corresponds in 08.58)

The BSC should notify to the BTS when an handover procedure is about to be launched (PRE-HANDOVer NOTIFication). It should also notify the BTS is the handover procedure has failed (PRE-HANDOVer NOTIFication).

C.7.2
BTS to BSC messages

The BTS should report to the BSC the status of the TFO, i.e. when TFO starts and stops (TFO REPort).

The BTS should report the Round trip delay it has estimated (Round Trip Delay REPort). It should report it every time a significant change (e.g. 60 ms) is detected in the round trip delay (see Sub-clause 8.2.4).

The BTS should report to the BSC the distant codec configuration (REMOTE CODEC CONFiguration REPort). It should also report any modification of this configuration. It should report the optimal TFO configuration if the TFO Decision algorithm is run by the TRAU or by the BTS
C.8
Configuration Parameter Exchange on Abis/Ater and A Interfaces for AMR

The TFO Speech Service Configuration parameters for TFO are sent from the BSC via the BTS to the TRAU;

The following block diagram is intended for guidance only. If no TFO is ongoing, then the Config_Prot ends always in the (local) TRAU. If TFO is ongoing, then a mirrored (distant) BSS´ exists. Between the local TRAU and the distant TRAU´ an unknown transit network exists, which is transparent for the TFO Messages and the TFO Frames, but may contain devices involved in the TFO connection (e.g. TFO specific Circuit Multiplication Equipments, TCMEs, for cost efficient transmission).
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Figure C.8-1: Block diagram of the transmission paths for the exchange of Configuration Parameter

The Configuration parameters received from the BSC (1) shall be sent uplink to the TRAU by inband signalling. on the Abis/Ater interface (6). In most Codec_Modes the TRAU speech frames have sufficiently spare capacity to transmit these configuration parameters. Otherwise a No_Speech frame (mainly a No_Data Frame) shall be used, i.e. a speech frame shall be stolen. No_Data Frames are naturally used at call setup or after handover.

C.8.1
Protocol for the Exchange of Configuration Parameters

A simple protocol is defined to ensure correct receipt. It uses the Config_Prot field to code a Request or Acknowledge message and the Message_No field to bind Request and Acknowledge together. Both are defined in Sub-clauses C.6.1.2 and C.6.1.3.

All Requests have defined configuration parameters, while the Acknowledgements have none. If no configuration is to be exchanged, then the Config_Prot field shall be set to "No_Con". In this case the configuration parameter field is undefined. The receiver shall not acknowledge a No_Con message.

The configuration exchange shall start always with a Request from one side and shall end with an Acknowledgement from the other side. If the Acknowledgement is not received before N_Out_3 frames are elapsed, then the Request shall be repeated. N_Out_3 is at resource allocation initialised (e.g. N_Out_3 :=  4), but shall be adapted to the round trip delay during the connection (see Sub-clause C.4.5).

The sender of the Request shall always use a new Message_No, e.g. by incrementing a counter. The receiver shall acknowledge by sending the appropriate Acknowledge_Code and the received Message_No back, if the Request was received without detectable errors. Otherwise, in case of detected errors, it shall not acknowledge, but wait for a repetition.

Typically no new request shall be sent before the previous configuration exchange is terminated. Exceptions exist at Resource Allocation, because it is not clear if and when the path between BTS and TRAU is connected through.

C.8.2
Initial Configuration at Resource Allocation

The BTS shall send "Con_Req" Messages. Typically at resource allocation no speech is received from the air interface or at least some FACCH arrive. Therefore "No_Data" frames are used. The local TRAU acknowledges with "DL_Ack".

As long as No_Speech frames are sent in uplink direction the BTS shall increment the Message_No and send the configuration in every new frame, until a DL_Ack is received, i.e. the TRAU is synchronized. The exchange is considered as terminated, when the last sent Message_No is received back. 

If, however, already speech frames are received in uplink direction from the air interface before the TRAU is synchronized then appropriate speech frames shall be sent. If the configuration parameters can be included in these speech frames (e.g. as for all Codec_Modes below 10,2 kbit/s in 16 kbit/s sub-multiplexing), then the procedure is exactly as described for No_Speech frames. If, however, the configuration parameters cannot be included, then every 4th speech frame shall be stolen on the Abis/Ater interface and be replaced by a No_Speech (No_Data) frame to transmit the configuration.
C.8.3
Distant Configuration before TFO is established

After call set-up the TRAU may try to establish a TFO connection by using the TFO Protocol. During that time and before TFO is established the TRAU may get already knowledge about the distant configuration.

If distant and local configurations allow TFO (see Clauses 11 and 12) then the TRAU shall immediately send  the distant configuration parameters to its BTS by using Dis_Req together with TFO_Soon.

Otherwise the distant configuration parameters shall be sent when the information required for Codec Type and/or ACS mismatch resolutions are available.

Dis_Req shall be used by the TRAU to transmit the configuration parameters.
C.8.4
Optimal TFO configuration
In TFO mode versions 5 and 6, the TFO Decision algorithm is only run by the TRAU. The TRAU does not send the distant configuration to the BTS or the BSC, but the result of the TFO Decision algorithm
As soon as the optimal TFO configuration is known (result of the TFO Decision algorithm), the TRAU shall send it to the BTS by using Cconf-Req together with TFO_Soon.
C.8.5
Configuration Exchange in TFO

If TFO is ongoing (the BTS is informed about that by TFO_On, see Sub-clause C.6.2) then the configuration sent by the BTS with Con_Req shall be relayed through by the local TRAU and the distant TRAU´ down to the distant BTS´. All devices in the path (TRAUs, but maybe also others, e.g. TCMEs) are updated to the new configuration. The remote BTS´ shall acknowledge this by Con_Ack. This message takes the same way back. The exchange shall be considered terminated when the originating BTS received the Con_Ack.

Note: The round trip delay in TFO connections shall be considered.

TFO messages with the same piece of information will be transmitted in parallel. In case of discrepancy between the Config_Prot and the TFO messages, the former shall have precedence.

C.9
Location of the determination of the Common and Optimised Active Codec Set

C.9.1
Locations for the immediate TFO Set-up

The determination of the CACS for immediate TFO_Setup shall be in the BTS and in the TRAU. The BTS shall not change the MS ACS. The BTS shall restrict the adaptation within the CACS, which is actually a sub-set of the MS ACS. When this change of ACS is completed this is signalled to the TRAU by modifying the ACS field of the TFO parameters conveyed by the UL TRAU frames. The TRAU has previously determined what shall be the CACS for TFO_Setup. When the CACS as determined by the TRAU is also present in the ACS field previously mentioned then the TRAU shall enter in the Konnect State. (The ACS should not be changed by the BTS.)

C.9.2
Locations for the AMR TFO optimisation

The AMR TFO optimisation as described in sub-clauses 11.5 and 12 shall be located for Codec Type Mismatch and optimisation in the BSC.

The AMR Codec Mode mismatch and optimisation can be located in the BSC and/or BTS.

If this is delegated to the BTS by the BSC (see GSM 08.58) the AMR_TFO optimisation shall be in the BTS.
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