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Performance Imbalance between SACCH/FACCH, and the Lower Modes of the Full-Rate AMR
1. Introduction
The improved coding scheme for the AMR speech codec provides the voice channel with a very robust performance even in low energy per bit over noise power spectral density, Eb/No conditions. This is especially true for the lower modes of the Full-Rate AMR (AFS4.75, AFS5.9 etc.), which have low coding rates (¼ or less). Comparatively, the performance of the associated control channels (SACCH and FACCH) is relatively less robust due to the higher coding rate. In this contribution we present simulation results for the Frame Error Rate (FER) performance of the AMR voice channel and its associated control channels (ACCH).  This large discrepancy in the performance of the voice channel and the signaling channels has far reaching implication on the performance of AMR mobiles operating in the lower AMR modes. The performance of the call dropping algorithms that are based on the Radio Link Timer (RLT) are also impacted by this difference in performance. 
2. Simulation Results

In this section we present the simulation results for the FER for SACCH, FACCH, AFS5.9, and AFS12.2.  The key simulation assumptions are as shown in Table 1.  The FER performance for each of the channels considered under noise-limited conditions is shown in Figure 1
.  We elected to show noise-limited results, but the trend is the same for interference-limited conditions as well.  As shown in Figure 1, the required Eb/No is significantly less for the AFS5.9 compared to the SACCH, FACCH and AFS12.2.  This is even further exacerbated for the AFS4.75, which requires about 1 dB less Eb/No than the AFS5.9.  The SACCH and FACCH were originally designed to operate with just the TCH/FS, which has similar FER performance to the AFS12.2 and TCH/EFS.  This imbalance in performance between the ACCHs and the lower modes of the AMR can lead to operational problems as discussed in the next section.     

	Carrier Frequency
	900 MHz

	Mobile Speed
	3 km/hr

	Frequency Hopping
	Ideal

	Channel Model
	TU with 12 channel taps

	# of Bursts
	20592 (198 SACCH Frames)

	Receiver
	4-State DDFSE

	Channel Estimation
	Practical

	Frequency Offset
	0 Hz

	Receiver Impairments
	None


Table 1.  Simulation assumptions.
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Figure 1.  FER performance under noise limited conditions.

3. Effects of Performance Imbalance and Possible Solutions
One of the main effects of this performance imbalance is that an operator may not be able to realize the full capacity gains that the lower modes of the AMR can provide since the ACCHs may no longer be functioning properly at low Eb/No.  Since the RLT timer is based on the bad frame indicator of the SACCH channel, it becomes unstable at low values of Eb/No, where the voice quality is still acceptable due to the low FER on the voice channel. This results in a dropped  call even when the speech is legible.  In attempting to solve this problem under the constraints of the existing specification, one could change the value of the RLT timer.  However, one has to be very careful in the setting of this value, since too large a value could result in a call still being active, while the ACCHs are no longer functioning properly.  This situation could potentially lead to cell dragging (no handover messages from the FACCH and/or measurement reports from the SACCH), and increased interference (no power control messages from the SACCH).
One of the possible solutions to this problem is to improve the channel coding of the SACCH and FACCH so that the resulting FER performance is comparable to that of the lower modes of the AMR.  This solution requires a change to the specification.

Another possible solution is to investigate other values for the increment and decrement step size of the RLT timer.  Recall that the RLT timer is initially set to some value (maximum of 64), which is decremented by one for every SACCH frame error (limit of zero), and incremented by two for every  correct SACCH frame (limit of the initial value set to).   The current step size values make the average value of the RLT timer unbounded and unstable once the FER on SACCH exceeds 66.67%.  Below 66.67%, the mean value of the RLT is bounded although there is still a finite probability that the RLT will result in a drop call. By changing this ratio, the RLT can possibly be made stable even at higher values of SACCH FER.  This solution also requires a specification change.
There may be other possible solutions as well, and it may be that a combination of techniques is required.  It is not the intent of this contribution to solve the problem identified, but rather to identify the problem and to encourage work within 3GPP GERAN to solve it.  
3. Conclusion
In this contribution, we have identified an imbalance in the FER performance between the ACCHs, and the lower modes of the AMR.  We have briefly stated the effects of this imbalance, and have postulated a couple of possible, general solutions.  The intent herein is to identify the problem, and to encourage work within 3GPP GERAN, which would investigate potential solutions to the problem. 






� Note since only a limited number of SACCH frames were transmitted for each simulation run, there is a higher statistical error associated with the SACCH FER values.
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