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1 Introduction

It is the current working assumption that LAPDm will be replaced by RLC/MAC as the layer 2 protocol for RRC. One of the advantages of RLC/MAC with respect to LAPDm is the increase in the window size and thus its effective throughput.

However, when the RRC messages are sent on the FACCH and hence blank speech, this increase in the window size may lead to an unacceptable erasure of speech frames. Note that the window size in GPRS is 64 [1]. With the window size of 1 in LAPDm, the control of the amount of blanking is effectively done by acknowledgement starvation, as the sending entity has to wait for the acknowledgement of one frame before re-transmitting it or transmitting the next one. This ensures a certain number of intact speech frames between FACCH occurrences.

This control will be important as for the existing RR messages, but becomes essential when the length of the messages sent on the FACCH is longer (e.g. RRC, SIP).

This paper proposes to use the ‘leaky bucket’ algorithm to shape the FACCH traffic so that a compromise between speech quality and FACCH throughput is met.

2 Discussion

2.1 Assumptions

As explained in the introduction, an uncontrolled FACCH usage may lead to a very poor speech quality. Hereafter it is assumed that the speech quality can be associated to two parameters:

· in the short term, the maximum number of near speech frames that can be deleted, i.e. the maximum size of a FACCH burst, and

· in the longer term, the maximum of the average proportion of speech frames that can be deleted.

These assumptions may need to be confirmed by TSG SA WG4.

2.2 Use of ‘leaky bucket’

2.2.1 Introduction to ‘leaky bucket’

 ‘Leaky bucket’ is widely used as a flow control algorithm for VBR (Variable Bit Rate) services. Since these services show a bursty behaviour, it would not be efficient to allocate a channel granting their maximum bit rate, as the channel would be underused most of the time. Thus the channel is normally shared with other users and the size of the burst is limited in order to ensure spare capacity for other users. Despite the allowed bursty behaviour, ‘leaky bucket’ also incorporates a policing mechanism to ensure that the sending entity meets a certain average throughput, usually pre-negotiated.

The behaviour of the algorithm can be characterised by two parameters:

· the token rate (R) and 

· the bucket size (Bmax)

The operation of the algorithm can be briefly described as:

· Tokens are added to the bucket at rate of R. No tokens are added to the bucket if the bucket is already full, i.e. if the bucket already contains Bmax tokens.

· Each transmitted packet consumes one token from the bucket. If the bucket is empty, the packet is either dropped or queued until a token arrives.

2.2.2 Application to FACCH traffic shaping

This contribution proposes to impose some restrictions to the FACCH traffic. Instead of allowing the frames containing signalling erase speech frames whenever there is a signalling frame to be sent, ‘leaky bucket’ is applied to the original flow of signalling frames before they erase the speech. In Figure 1 this is represented by the yellow section, which behaves as described in clause 2.2.1 above.
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Figure 1 – FACCH traffic shaping with ‘leaky bucket’

2.2.3 Graphical example 

In Figure 2, an example of the output flow of the TCH+FACCH is shown for the controlling parameters being Bmax = 4 and R = 1/3. As in Figure 1, the red frames represent signalling (FACCH) and the blue ones, speech (TCH). Note that Figure 2 shows only partially the 26-frame multiframe: the SACCH has not been considered, although it does not affect the conclusion. The bucket is assumed to be full at the beginning of the FACCH burst. The signalling message is assumed to be 5 or more blocks.

When the signalling message is received from the upper layers, the ‘leaky bucket’ algorithm allows a first burst to go through and delete speech. As shown in the picture, the size of this first burst is controlled by the parameter Bmax, with a value of 2 in this example. After this, the bucket is exhausted and the remaining frames need to be queued waiting for tokens to arrive. As soon as new tokens arrive to the bucket every 4th frame, they are immediately consumed and one additional frame is sent. This process continues until the message is retransmitted.
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Figure 2 – Example of FACCH traffic shaping with ‘leaky bucket’ (Bmax=2, R=1/4)

Note also that:

· When the bucket is full, it is assumed that tokens do not arrive (i.e. equivalent to arriving and being discarded). It is assumed that only after the first token is consumed and the bucket is not full anymore, the tokens start to arrive at a rate R.

· Tokens may arrive during the first burst. Unless Bmax < 1/R, this may result in a virtual extension of the burst size.

2.3 Modification to ‘leaky bucket’

2.3.1 Description

According to 06.11 [2] (v 8.0.1):

5.1
First lost speech frame

Normal decoding of lost speech frames would result in very unpleasant noise effects. In order to improve the subjective quality, the first lost speech frame shall be substituted with either a repetition or an extrapolation of the previous good speech frame(s). Lost speech frames shall not be delivered to the speech decoder, nor shall the output be muted directly.

5.2
Subsequent lost speech frames

For subsequent lost speech frames, a muting technique shall be used that will gradually decrease the output level, resulting in silencing of the output after a maximum of 320 ms. Clause 6 gives an example solution.

Thus it may be desirable to modify the ‘leaky bucket’ algorithm to ensure that it always leaves N speech frames intact between every two FACCH occurrences. This model is shown in Figure 3, with the addition of a queue to the model shown in 2.2.2. This queuing mechanism would ensure that, after a speech frame has been substituted by a signalling frame, at least N speech frames are preserved before deleting another one.
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Figure 3 – FACCH traffic shaping with modified ‘leaky bucket’

2.3.2 Graphical example

Figure 4 shows an example of the output flow for the same parameters as the example in section 2.2.3 (Bmax = 4 and R = 1/3) plus N = 1.
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Figure 4 – Example of FACCH traffic shaping with modified ‘leaky bucket’ (Bmax=2, R=1/4, N=1)

2.4 DTX consideration

The mechanism described in this paper intends to ensure a certain degree of speech quality when using window sizes greater than 1 in the layer 2 protocol. Therefore, this mechanism should only apply when the TCH is carrying speech and SID frames, but not during silence periods, so that the benefit of a big window can be fully exploited.

2.5 Parameter definition

The usage of a modified ‘leaky bucket’ algorithm described in section 2.3 is presented here as a general model of a possible solution for speech protection. This model is characterised by three parameters: Bmax, R and N. No assumption is made at this point about the optimum values for these parameters. This should be done by TSG SA WG4.

SA4 may find that only one value should be allowed for one or more of the mentioned parameters (e.g. N = 1). Conversely, in order to have a flexible balance between FACCH throughput and speech quality, a possible range of values for a parameter may be identified by SA4, with the actual value to be used being indicated in the assignment message.
Note that special values of these parameters may lead to particular cases of the model. For instance, Bmax = 0 would mean that there is no bucket and that FACCH frames are sent at a fixed rate R or 1/N during a speech burst, being effectively equivalent to a reduction in the window size. Values of R and N that verify (N+1) > 1/R would also lead to a reduction of window size with a value of (N+1).

3 Conclusions

The migration form LAPDm to RLC/MAC and its associated increase of the window size means that the implicit control by acknowledgement starvation is no longer present and an explicit control of the amount of speech blanking is needed. This paper proposes a modification to the ‘leaky bucket’ algorithm as the means to perform such control. No control should be performed during silence periods.

The described solution is here proposed as a general model, characterised by three parameters (Bmax, R and N). It is proposed that this solution is adopted and that TSG SA4 is consulted about the valid range or optimum value of the mentioned parameters.
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