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Generic TRAU frame structure for FLO

1. Introduction

As new services to be supported over the A interface in the future are likely to be speech, a protocol will be needed to transport these services over the Abis.

For the case of existing services such as TCH/FS and TCH/AFS, transport over the Abis is achieved using the TRAU frame (as defined in 48.060 and 48.061).

In this contribution, a TRAU frame structure is described that is generic and is compatible with the flexible layer one.

2. Support of Unequal error Detection

2.1 Unequal error detection over the radio interface

With UED (unequal error detection), encoded speech bits are ordered then classified according to sensitivity to error in order to improve error control performance.

With FLO, UED is employed over the radio interface, by assigning a TrCH to each bit class. Each TrCH can then be configured at call set-up to support the required error detection.

For example, to support the UED that is used by AMR, 3 transport channels need to be configured to provide:

· error detection for class 1a bits and inband bits;

· error detection for signalling;

· but no error detction for class 1b bits;

2.2 Unequal error detection over the Abis

Over the Abis, UED is also employed within the TRAU frame to support the different error detection requirements for 2 bit classes: class A and class B, as depicted in the figure 1:

· The class A bits are the most sensitive to error, in that when received in error, the frame shall be considered erroneous and error concealment procedures shall be initiated. These bits typically correspond to the class 1a bits that are sent over the radio interface. To assist error concealment, these bits have been further classified according to their position within the frame to a granularity of 5ms. Each 5ms sub-class is protected using a 3 bit CRC.

· The class B bits are the least sensitive to error in that the presence of error does not constitute a bad frame or the need for error concealment. In this case, error detection is not needed. These bits typically correspond to the class 1bbits that are sent over the radio interface.


[image: image1.wmf]1st

CRC

2nd

CRC

3rd

CRC

4th

CRC

5ms

sub-

frames

class

A bits

class

B bits

control

bits


Figure 1. UED employed within an existing TRAU frame.

However, whilst error detection and consequently error concealment (i.e. parameter substitution), is perfomed to a granularity of 5ms over the Abis interface, it is only performed to a 20ms granularity over the radio interface. Given that the likelihood of error is expected to be much higher over the radio interface (although link adaptation and error protection should minimise this difference), it is possible, that the benefit of perfoming error concealment to a granularity of 5ms can only be realised if supported over the radio interface as well.

Further, segmentation in the speech codec to 5ms implies knowledge of the type of codec to be supported in the future and so can not be assumed.

Finally, whilst the class A and class B bits can be identified from the FLO configuration message (assuming the bits can be ordered according to importance within the TRAU), the TRAU frame will also need to identify the bits belonging to each 5ms subframe, and so some additional signalling will be needed to support this.

With this in mind, a possible format for new services which would be more generic, which would not require additional signalling and which would be more aligned to the radio interface, would be one which supported a single CRC for the whole frame (control and class A bits). This would also free up payload to allow a slightly higher speech bit rate (12.65kb/s). This is depicted in the figure below.
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Figure 2. Example of UED within the generic TRAU frame, where the granularity of detection has been reduced to that used over the air-interface (20ms).

3. Support for TFCI

When the TRAU is remote to the BTS, the TRAU frame needs to indicate what needs to be transmitted and what has been received over the radio interface (as determined by link adaptation, the speech activity detector and tandem free operation).

To indicate this information, a combination of indicators are used within the control bits and in the case that no speech was transmitted/received, within the data bits as well.

For example, in the case of AMR (Table 1), the Frame_Classification indicator is used to indicate whether the frame contains speech (as well as its quality), the CMI/CMR is used to indicate the codec mode used to encode the speech, and No_Speech_Classification is used indicate the frame content when no speech was transmitted/received.

Table 1 - Indicators used in AMR that are used to indicate what                                                                needs to be transmitted and what has been received over the radio interface.
	Indicator
	Description

	Frame_Classification
	1 1 Speech_Good 
  1 0 Speech_Degraded 
  0 1 Speech_Bad

  0 0 No_Speech

	CMI/CMR
	  0 0 0 Codec_Mode 4,75 kBit/s
  0 0 1 Codec_Mode 5,15 kBit/s
  0 1 0 Codec_Mode 5,90 kBit/s
  0 1 1 Codec_Mode 6,70 kBit/s
  1 0 0 Codec_Mode 7,40 kBit/s
  1 0 1 Codec_Mode 7,95 kBit/s
  1 1 0 Codec_Mode 10,2 kBit/s
  1 1 1 Codec_Mode 12,2 kBit/s

	No_Speech_Classification
	1 1 1 Sid_First
1 1 0 Onset
1 0 1 Sid_Update
1 0 0 Sid_Bad

0 0 0 No_Data


In a generic TRAU frame, some means is also needed to indicate what needs to be transmitted by the FLO and what has been receieved by the FLO i.e. the TFCI. This could be provided by a dedicated indicator, however, if it can be assumed likely that link adaptation, discontinous transmission and tandem free operation would be a requirement for any new speech service of the future, and that 8 speech codec modes would be more than adequate, then no change is necessary to the TRAU frame control information to support FLO. All that is needed is a translation between the coding of these flags and the coding of the TFCI.

A example translation is given in the Table 2.

Table 2 - Example translation between indicators used in AMR and the TFCI.
	Frame_Classification
	RIF
	CMI/CMR
	No_Speech_Classification
	TFCI

	speech
	0
	codec mode A
	n/a
	0 0 0 1

	speech
	0
	codec mode B
	n/a
	0 0 1 0

	speech
	0
	codec mode C
	n/a
	0 0 1 1

	speech
	0
	codec mode D
	n/a
	0 1 0 0

	speech
	0
	codec mode E
	n/a
	0 1 0 1

	speech
	0
	codec mode F
	n/a
	0 1 1 0

	speech
	0
	codec mode G
	n/a
	0 1 1 1

	speech
	0
	codec mode H
	n/a
	1 0 0 0

	speech
	1
	X
	n/a
	TFCI of previous frame

	no speech
	X
	X
	SID first
	1 0 0 1

	no speech
	X
	X
	SID update or SID bad
	1 0 1 0

	no speech
	X
	X
	no data
	n/a

	Note 1: X denotes 'don't care'

Note 2: RIF=1 indicates that the CMI/CMR corresponds to a codec mode request, and that the codec mode indicator shall take on the same value as the previous frame

Note 3: 'no data' indicates that nothing shall be transmitted during the current frame


4. Conclusion

In this contribution, the changes to the TRAU frame format have been considered to support new speech services via the A interface and over a FLO, and a new TRAU frame format was proposed.

If it can be assumed that: 

· the encoded bits from the speech codec within the TRAU can be ordered according to subjective importance;

· and that by limiting the granularity of the CRC check to 20ms of speech instead of 5ms of speech will not affect speech quality adversely

Then the procedure described within this contribution (where the information used to configure the flexible layer one is also used to configure the TRAU) should be sufficient to implement a generic TRAU which:

· minimises the changes that are needed (by avoiding the need for additional signalling).

· supports any payload up to 253 bits (12.65kb/s)

· supports link adaptation (for up to 8 codec modes), DTX and TFO
.

Currently, only 16kb/s submultiplexing has been considered. To support data rates higher than 12.65kb/s, or to provide greater Abis capacity when data rates are low enough, then 32kb/s and 8kb/s submultiplexing respectively should also be considered. This is FFS.

The alternative to implementing a generic TRAU frame structure is to implement a dedicated TRAU frame structure for every speech codec or data service to be supported. The advantage of the generic TRAU frame structure therefore is that it reduces the time and the work needed:

i) during the standardisation process for each new speech codec and;

ii) during the implementation process for each new speech codec / data service, or for existing codecs which have yet to be implemented (e.g. AMR-WB).

























� Note that TFO is currently not supported by FLO. To support TFO, the FLO needs to support the classification of a transport block as Good, Degraded and Bad and to signal these classes over the radio interface (on the DL only) e.g. by inverting the CRC bits for classes Degraded and Bad.
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