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Discussion about BFI in AoIP
1 Introduction

In AoIP, the data transferred in A interface will be RTP packets, and TRAU frames will be terminated in BSS. In this scenario, the user data bits (D bits) in former TRAU frames should be packed into RTP packets. As for those controls bits (C bits) in TRAU frames, almost all of them could be discarded in AoIP, including BFI (Bad Frame Indication) flag which is used in GSM_FR, GSM_EFR and GSM_HR [1, 2, 3]. In this paper, the reason to remove BFI is analyzed. 
2 Analysis
After removing BFI, BTS will not send out bad frames. For the TransCoder (TC) in MGW, if it does not receive any data in current 20ms time window, it will use the data of the previous received good frame as the input to do the compensation
. 
For GSM_FR, the current compensation algorithm [4] will not use any D bits of the inputted bad frame. That is, if BFI = 1, the TC will neglect the whole D bits received from BTS and the bad frame will be substituted with either a repetition or an extrapolation of the previous good speech frame(s). Without BFI, the TC will use the data from the previous received good frame as the input. Actually the D bits of the input will also be neglected by the compensation unit; a new frame will be created in the same way as mentioned above. Therefore, BFI will not affect the processing mechanism in GSM_FR. The experimental data in [1] has proved this conclusion. Hence, it is safe to remove BFI for GSM_FR after AoIP.
For GSM_HR and GSM_EFR, things become a little complicated, especially GSM_EFR. According to [5. 6], with BFI, some bits in the bad frame will be used to create the new frame for compensation.  Without BFI, since the bad frame is not sent out by BTS and the inputting data is from the previous received good frame, the compensation result will be different to that of sending bad frame with BFI = 1. For the convenience of discussion, the compensation scheme with BFI is called C1, and the compensation scheme without BFI is called C2. The difference between C1 and C2 is subtle. Hence, our research should focus on comparing the performance of these two compensations. Actually, our experimental data shows that the performance difference of C1 and C2 is negligible.
3 Experiments
3.1 Experiment Design
Table 1 shows the basic parameters of the test.

Table 1 Simulation Parameters

	Language
	English

	Duration
	8s

	Features
	3.5s (Male) + 1.5s (Silence) +3s (Female)

	Percentage of Bad Frame
	5%

	Bad Frame Distribution
	Even Random Distribution in 8s

	MOS Criteria
	P.862 (PEQS)


3.2 Experiment Procedures
1. Select the voice sample with the features specified in Table 1.

2. Code the voice sample into 400 voice frames.

3. Create bad frames by adding disturbance.

4. Decode the received voice frame/packets.

5. Evaluate the speech quality according to P.862

In step 3, there are three “error patterns” in the experiments. For error pattern 1 (EP1), 5% of voice frames will be bad frame without any specific requirements. For EP2, a pair of successive frames will be bad in experiments. That is if one frame is bad, the frame immediate before or after it will also be bad. The bad frames will account for 5% of total voice frames. Similarly, for EP3, three successive frames will be bad frame. The purpose EP2 and EP3 is to comparing C1 and C2 when consecutive frames are bad. The basic processing mechanisms of consecutive bad frames are specified in [5, 6].
The performance of C1 is selected as the benchmark in data analysis.
3.3 Experimental Data
For GSM_HR and GSM_EFR, the above experiment has been done 100 times correspondingly. The statistical information of the P.862 values in experiments is demonstrated in following tables, where AVE means average value, MAX means maximum value, MIN means minimum value and STDEV means standard deviation. 
Table 1 Experimental Data of GSM_HR
	
	EP1
	EP2
	EP3

	
	C1
	C2
	C1
	C2
	C1
	C2

	AVE
	3.07645
	3.05077
	2.98012
	2.96303
	2.93504
	2.92286

	MAX
	3.322
	3.294
	3.231
	3.23
	3.267
	3.27

	MIN
	2.772
	2.692
	2.645
	2.627
	2.581
	2.603

	STDEV
	0.096149
	0.099331
	0.134271
	0.137108
	0.160845
	0.156212

	Diff [*]
	-0.84%
	-0.58%
	-0.42%


Table 2 Experimental Data of GSM_EFR
	
	EP1
	EP2
	EP3

	
	C1
	C2
	C1
	C2
	C1
	C2

	AVE
	3.22904
	3.18741
	3.19146
	3.16622
	3.13331
	3.12453

	MAX
	3.549
	3.547
	3.71
	3.655
	3.8
	3.805

	MIN
	2.844
	2.803
	2.809
	2.768
	2.582
	2.592

	STDEV
	0.164818
	0.161874
	0.192361
	0.192002
	0.224775
	0.219006

	Diff [*]
	-1.31%
	-0.80%
	-0.28%


Note[*]: Diff = (AVEC2 – AVEC1) /AVE C2 * 100%
Data in Table 1 & 2 tell us that the performance of C2 is not as good as C1, but the difference is so tiny that it is negligible. 

These experimental data basically tally with the experimental data in [1].
Based on these experimental data, it could be concluded that BFI can be removed for GSM_HR and GSM_EFR in AoIP.
4 Conclusion
After AoIP, how to deal with the control bits in the TRAU frame should be studied. In this paper, BFI for GSM_FR, GSM_HR and GSM_EFR is discussed. By analyzing the compensation algorithms and comparing the performance of the compensation schemes with or without BFI (C1 and C2), we conclude that it is not necessary to keep BFI after AoIP.
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� In fact, the input of compensation will affect the quality of the compensation result. How to find the optimized input is out of the range of this paper.





