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Introduction

TDM networks like "classical" GSM networks use PCM channels with 64kbit/s bandwidth. This is not capable of transporting a transcoded speech signal of 7 kHz wideband signal with a sampling rate of 16 kHz such as AMR-WB. Therefore AMR-WB currently cannot be transported in such networks. 
Exception: Transcoder Free Operation (TrFO) is used, where an untranscoded signal is transported. But TrFO needs separation of call and bearer control which is not available at the moment in most of such networks.

Because AMR-WB is also of interest in GSM or other TDM networks, mechanisms like Tandem Free Operation (TFO) should be used to make the transport of AMR-WB possible in these networks. Several scenarios are presented here and some of their implications discussed.

GSM channels shown in these scenarios are considered to be based on AMR-WB Application A. In this application the highest mode of AMR which can be transported is 14.25 kbit/s.

Scenario 1:
Start call with AMR-WB on the radio leg(s), 
use first intermediate NB PCM and then TFO to transport AMR-WB 


Scenario 1.1: Both radio legs capable of and starting with full AMR-WB

BEFORE TFO establishment:
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Scenario 1.2: One radio leg starting with full AMR-WB

BEFORE TFO establishment:
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Remark: Terminal B might start with AMR-NB e.g. because of specific set-up configuration.

For both scenario 1.1 and 1.2 the following is valid:

· At least one radio leg uses a wideband channel, but in the beginning receives only a signal which had been converted from PCM to a 16 kHz signal with subsequent AMR WB coding.. This is accepted, because after call establishment the TFO protocol tries to establish TFO with AMR-WB. Then a real AMR-WB (TFO) call is possible. 

Remark: 

During the TFO negotiation phase the least significant bit of every 16th PCM sample is stolen for the TFO (in-band) signalling. This should have almost no audible effect.


· If no establishment of AMR-WB TFO is possible, the waste of bandwidth and capacity on the WB channel could be avoided by restricting the maximum AMR-WB mode or switching to e.g. AMR-NB . This switching from codec AMR-WB to AMR-NB must be performed in a manner that no severe audible effects are generated. For this RATSCCH could be extended to also allow changing of codecs types (at the moment RATSCCH is only designed for a change of codec modes).

AFTER TFO establishment – Both for Scenario 1.1 and 1.2:



. 



· If the establishment of TFO with AMR-WB  was performed successfully, then AMR-can be  transported on the LSBs (Least Significant Bits) of the PCM signal, the MSBs (Most Significant Bits) transport a WB-to-NB converted PCM signal. This is business as usual for TFO.

· A switching from codec AMR-NB to AMR-WB must be performed in such a manner that no severe audible effects are generated. Again (see above) an extension of RATSCCH is useful.

· For AMR-WB modes higher than 14.25 kbit/s 3 LSBs bits would have to be stolen for TFO. This would degrade the speech quality of the signal transported in the remaining MSBs of the PCM signal too much to use them as acceptable fallback. Therefore even for radio channels capable of transporting the higher modes, the maximum mode shall be restricted to 14.25 kbit/s when TFO is enabled.

· Even if an acceptable fallback possibility is not regarded as necessary, using the highest AMR-WB modes will lead to data streams which do not fit into currently defined TRAU and TFO frames. The effort to define them and implement their handling is not regarded as reasonable.

· For scenario 1.2 the maximum mode in TFO must be restricted to 14.25 anyway, because the GSM radio channel can not transport a higher mode (in application A).

Scenario 1.3: 
One radio leg starting with restricted AMR-WB 
(e.g. on GSM full rate radio channel)
BEFORE TFO establishment:
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AFTER TFO establishment:

See scenarios 1.1 and 1.2. 

Additionally take note of the following:

· The maximum AMR-WB mode which can be transported in one GSM full rate Application A radio channel has 14.25 kbit/s => For this it is sufficient to steal the two LSBs for TFO transport of AMR-WB. (This is the same as for EFR or the higher modes of AMR-NB in currently defined TFO). Therefore no additional TFO induced restriction for the maximum mode is necessary.

Scenario 2:
Start call with AMR-NB, enable TFO, change to AMR-WB in TFO

BEFORE TFO establishment:
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· After call establishment the TFO protocol tries to establish TFO with AMR-WB. If that is performed successfully, then restricted AMR-WB – maximum mode again 14.25 (see above) - is transported on the 2 LSBs,  the MSBs transport a PCM signal generated by conversion from an AMR-WB decoded signal.

· No switching between codecs is necessary or no bandwidth or processing power is wasted for the situation that no AMR-WB capable partner is found – which is likely during the introduction phase of AMR-WB. 

AFTER TFO establishment:

See scenario 1.3

Proposals

· TFO for AMR-WB in TDM based networks shall be restricted to modes not higher than 
14.25 kbit/s.

· Both scenarios presented in this document shall be covered by the future extension of TFO to AMR-WB. 

_____________________________
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TC A does TFO:


Converts to 64 kbit PCM, LSBs for AMR-WB	





WB capable Terminal B


sends AMR-WB





WB capable Terminal B


decodes 


AMR-WB





TC A does TFO:
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