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Stealing Bit Combinations for 
Physical Layer Multiplexing on 
GMSK Dedicated Physical SubCHannels

1. Introduction

A solution for PDTCH and TCH multiplexing on the same dedicated physical subchannel was proposed [1]. In this solution, when the receiver misses the ONSET marker, the return of speech can be detected through the all zeros stealing bit combination. Consequently the performance of the error recovery mechanism is determined by the detection performance of the all zeros stealing bit combination. 

During best effort data transmission, whenever a false detection of this combination occurs, best effort data packets are lost. The link level performance of the best effort data packets is thus limited by the detection performance of the all zeros stealing bit combination.

The detection performance of the all zeros stealing bit combination is determined by the stealing bit combinations, which are chosen for PACCH and MCS1-4. In [1] it has been left for further study whether existing stealing bits should be changed or not. As a matter of fact the stealing bit combinations can be kept as in [2] or optimised as in [3] [4].

The purpose of this contribution is to evaluate whether the existing stealing bit should be changed or not. Two different stealing bit combinations are studied and compared through the loss of best effort data packets due to false speech detections, and through the performance of the error recovery mechanism.

2. False Speech Detection

In the NO SPEECH state, the all zeros stealing bit combination allows for error recovery of a missed ONSET. Every 20ms the receiver reads the stealing bits. If the all zeros combination is detected, the receiver switches to diagonal interleaving and has to wait an additional 20ms before being able to perform a CRC check and then to realize its mistake. Unfortunately in the meanwhile some packets are lost. The different error cases are described in [3].  

Two different stealing bit combinations are studied:

· Existing stealing bit combinations with a minimum hamming distance of 3 in full rate and 1 in half rate (see Table 1).

· Optimised stealing bit combinations with a minimum hamming distance of 5 in full rate and 2 in half rate (see Table 2).

	Content
	Stealing Bits

	Speech
	0000 0000

	MCS1-4
	0001 0110

	PACCH
	1111 1111


Table 1. GMSK stealing bits within NO SPEECH state
Existing Stealing Bit Combinations
	Content
	Stealing Bits

	Speech
	0000 0000

	MCS1-4
	1011 1011

	PACCH
	0110 1110


Table 2. GMSK stealing bits within NO SPEECH state
Optimised Stealing Bit Combinations
The coding scheme with the higher coding rate (MCS-1) is chosen to compare the effects of false speech detection when these two stealing bit combinations are used. The following figure presents link level results in TU3iFH where FSD/F stands for False Speech Detection on Full rate channel, FSD/H for False Speech Detection on Half rate channel. The optimised stealing bit combinations are used when Opt is stated; the existing stealing bit combinations are used otherwise.

[image: image1.png]BLER

sE01

2801

1E01

se02

2802

1E02

sE03

2603

1E03

MCST1 (TUSIFH - 900MHz)

LES 508 1008 1508

Glico

e
Ac=<Ac FER + FSDIF ORt
“EF--EF FER + FSDIHOpt
—=F—%4 FER + FSD/F
%=~ FER + FSDIH




Figure 1. Test
For both combinations, it appears that the false speech detection does not increase the block error rate on full rate channels. However on half rate channels there exists a loss of which importance depends on the stealing bit combinations: 

· Existing one: at 1% BLER +4.3 dB for MCS1. Such a loss is not acceptable.

· Optimised one: at 1% BLER +0.5 dB for MCS1. Such a loss is foreseen as acceptable for best effort data.

In brief, while the existing stealing bit combination can be used on full rate channels, the optimised one must be used on half rate channels.

3. ERROR Recovery

In the NO SPEECH state, the all zeros stealing bit combination allows for error recovery of a missed ONSET.

3.1 Full Rate Channels

On full rate channels, the stealing bits are read over four consecutive GMSK bursts. Simulations were run in order to assess the detection performance of the all zeros stealing bit combination (speech) when two sets of stealing bit combinations are used (see Table 3, Table 4, Table 5, Table 6 & Table 5).

Typically full rate GMSK speech channels operate within a 2.5-10dB range in TU3iFH and within a 12-18dB range in TU3nFH (rough values). In these conditions, it appears that the detection probability of the all zeros stealing bit combination is very high in both cases. For instance at 6dB in TU3iFH, the probability of missing the beginning of the talkspurt is only 0.19% when the optimised stealing bit combinations are used, and 0.58% when using the existing stealing bit combinations.

When the first all zeros stealing bit combination is missed (the ONSET is most probably missed on the same bursts), the second one is hardly missed. If the receiver misses the ONSET, it has a very high probability of being able to detect the return of speech through the all zeros stealing bit combination on the following bursts. It means that a 20ms front-end clipping will be the typical error case when the ONSET marker is missed. For instance at 8dB in TU3iFH, using the optimised stealing bit combination, a 20 ms front-end clipping will occur for 0.05% of the talkspurts. Using the existing stealing bit combination, a 20 ms front-end clipping will occur for 0.26% of the talkspurts.

Obviously that provides a reliable error recovery mechanism for the TCH & PDTCH multiplexing on full rate GMSK speech channels. Although the error recovery mechanism performs better when using the optimised stealing bit combinations, the existing stealing bit combinations provide acceptable performance.

	C/Ico (dB)
	2
	4
	6
	8
	10

	Speech Not Detected
	1.83%
	0.68%
	0.19%
	0.05%
	0.01%

	20ms FEC
	98.90%
	100.00%
	100.00%
	100.00%
	100.00%

	40ms FEC
	1.10%
	0.00%
	0.00%
	0.00%
	0.00%

	60ms FEC
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	80ms FEC
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	100ms FEC
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	> 100ms FEC
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%


Speech Not Detected = speech frames of which stealing bit combination is not recognised as speech
FEC = Front End Clipping
Table 3. Speech Detection on FR GMSK Speech Channels 
 Optimised stealing bit combinations (TU3iFH - 900MHz)
	C/Ico (dB)
	2
	4
	6
	8
	10

	Speech Not Detected
	3.40%
	1.55%
	0.58%
	0.26%
	0.09%

	20ms FEC
	95.71%
	98.03%
	98.25%
	100.00%
	100.00%

	40ms FEC
	4.29%
	1.97%
	1.75%
	0.00%
	0.00%

	60ms FEC
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	80ms FEC
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	100ms FEC
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	> 100ms FEC
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%


Speech Not Detected = speech frames of which stealing bit combination is not recognised as speech
FEC = Front End Clipping
Table 4. Speech Detection on FR GMSK Speech Channels 
Existing stealing bit combinations (TU3iFH - 900MHz)
	C/Ico (dB)
	9
	12
	15
	18

	Speech Not Detected
	1.36%
	0.58%
	0.15%
	0.03%

	20ms FEC
	80.73%
	84.00%
	92.86%
	100.00%

	40ms FEC
	14.68%
	16.00%
	7.14%
	0.00%

	60ms FEC
	3.67%
	0.00%
	0.00%
	0.00%

	80ms FEC
	0.92%
	0.00%
	0.00%
	0.00%

	100ms FEC
	0.00%
	0.00%
	0.00%
	0.00%

	> 100ms FEC
	0.00%
	0.00%
	0.00%
	0.00%


Speech Not Detected = speech frames of which stealing bit combination is not 
recognised as speech
FEC = Front End Clipping / italic grey = not typical conditions
Table 5. Speech Detection on FR GMSK Speech Channels 
Optimised stealing bit combinations (TU3nFH - 900MHz)
	C/Ico (dB)
	9
	12
	15
	18

	Speech Not Detected
	1.89%
	0.74%
	0.37%
	0.08%

	20ms FEC
	82.69%
	89.39%
	94.29%
	100.00%

	40ms FEC
	14.10%
	9.09%
	5.71%
	0.00%

	60ms FEC
	2.56%
	1.52%
	0.00%
	0.00%

	80ms FEC
	0.64%
	0.00%
	0.00%
	0.00%

	100ms FEC
	0.00%
	0.00%
	0.00%
	0.00%

	> 100ms FEC
	0.00%
	0.00%
	0.00%
	0.00%


Speech Not Detected = speech frames of which stealing bit combination is not 
recognised as speech
FEC = Front End Clipping / italic grey = not typical conditions
Table 6. Speech Detection on FR GMSK Speech Channels 
Existing stealing bit combinations (TU3nFH - 900MHz)
4. Half Rate GMSK Speech

On half rate channels the stealing bits are read over two consecutive GMSK bursts. Simulations were run in order to assess the detection performance of the all zeros stealing bit combination (speech) when two sets of stealing bit combinations are used (see Table 7, Table 8, Table 9 & Table 10).

Typically half rate GMSK speech channels operate within a 9-14dB range in TU3iFH and within a 15-19dB range in TU3nFH (rough values). In these conditions, it appears that the performance of the error recovery depends on the stealing bit combinations that are used. For instance at 10dB in TU3iFH, the probability of missing the beginning of the talkspurt is only 0.52% when using optimised stealing bit combination, but is 4.08% when using existing stealing bit combination.

When the first all zeros stealing bit combination is missed (the ONSET is most probably missed on the same bursts), the second one is hardly missed when using the optimised stealing bit combinations. If the receiver misses the ONSET, it has a very high probability of being able to detect the return of speech through the all zeros stealing bit combination on the following bursts. It means that a 20ms front-end clipping will be the typical error case when the ONSET marker is missed. For instance at 10dB in TU3iFH, a 20 ms front-end clipping will occur for 0.52% of the talkspurts only (and only if the ONSET marker is not detected).

However when the existing stealing bit combinations are used, the error recovery mechanism performs worse. When the first all zeros stealing bit combination is missed, the second one and even third one can be missed as well. For instance at 10dB in TU3iFH, a 40 ms front-end clipping will occur for in 4.64% of the cases when the ONSET marker is not detected.

Obviously, the error recovery mechanism benefits from having optimised stealing bit combinations. And that provides a reliable error recovery mechanism for the TCH & PDTCH multiplexing on half rate GMSK speech channels. Keeping the existing stealing bit combinations may lead the error recovery to an unacceptable level of performance.

	C/Ico (dB)
	6
	8
	10

	Speech Not Detected
	3.15%
	1.37%
	0.52%

	20ms FEC
	97.73%
	98.52%
	100.00%

	40ms FEC
	2.27%
	1.48%
	0.00%

	60ms FEC
	0.00%
	0.00%
	0.00%

	80ms FEC
	0.00%
	0.00%
	0.00%

	100ms FEC
	0.00%
	0.00%
	0.00%

	> 100ms FEC
	0.00%
	0.00%
	0.00%


Speech Not Detected = speech frames of which stealing bit 
combination is not recognised as speech
FEC = Front End Clipping / italic grey = not typical conditions
Table 7. Speech Detection on HR GMSK Speech Channels 
Optimised stealing bit combinations (TU3iFH - 900MHz)
	C/Ico (dB)
	6
	8
	10

	Speech Not Detected
	9.04%
	6.26%
	4.08%

	20ms FEC
	88.96%
	92.94%
	95.10%

	40ms FEC
	10.05%
	6.37%
	4.64%

	60ms FEC
	0.87%
	0.69%
	0.26%

	80ms FEC
	0.12%
	0.00%
	0.00%

	100ms FEC
	0.00%
	0.00%
	0.00%

	> 100ms FEC
	0.00%
	0.00%
	0.00%


Speech Not Detected = speech frames of which stealing bit 
combination is not recognised as speech
FEC = Front End Clipping / italic grey = not typical conditions
Table 8. Speech Detection on HR GMSK Speech Channels 
Existing stealing bit combinations (TU3iFH - 900MHz)
	C/Ico
	12
	15
	18

	Speech Not Detected
	0.20%
	0.04%
	0.01%

	20ms FEC
	100.00%
	100.00%
	100.00%

	40ms FEC
	0.00%
	0.00%
	0.00%

	60ms FEC
	0.00%
	0.00%
	0.00%

	80ms FEC
	0.00%
	0.00%
	0.00%

	100ms FEC
	0.00%
	0.00%
	0.00%

	> 100ms FEC
	0.00%
	0.00%
	0.00%


Speech Not Detected = speech frames of which stealing bit 
combination is not recognised as speech
FEC = Front End Clipping / italic grey = not typical conditions
Table 9. Speech Detection on HR GMSK Speech Channels 
Optimised stealing bit combinations (TU3nFH - 900MHz)
	C/Ico
	12
	15
	18

	Speech Not Detected
	2.95%
	1.40%
	1.40%

	20ms FEC
	75.35%
	78.50%
	78.50%

	40ms FEC
	17.21%
	16.82%
	16.82%

	60ms FEC
	5.58%
	2.80%
	2.80%

	80ms FEC
	0.47%
	0.00%
	0.00%

	100ms FEC
	0.47%
	0.93%
	0.93%

	> 100ms FEC
	0.93%
	0.93%
	0.93%


Speech Not Detected = speech frames of which stealing bit 
combination is not recognised as speech
FEC = Front End Clipping / italic grey = not typical conditions
Table 10. Speech Detection on HR GMSK Speech Channels 
Existing stealing bit combinations (TU3nFH - 900MHz)
5. Conclusion

A solution for PDTCH and TCH multiplexing on the same dedicated physical subchannel was proposed [1]. In this solution the detection performance of the all zeros stealing bit combination has a direct impact on:

· The performance of the error recovery mechanism

· The link level performance of the best effort data packets

The detection performance of the all zeros stealing bit combination is determined by the stealing bit combinations, which are chosen for PACCH and MCS1-4. In [1] it has been left for further study whether existing stealing bits should be changed or not. As a matter of fact the stealing bit combinations can be kept as in [2] or optimised as in [3] [4].

This contribution has evaluated whether the existing stealing bits should be changed or not. On full rate channels it appears that although optimised stealing bit combinations improves the performance, it may be enough to keep the existing stealing bit combinations. However on half rate channels it is necessary to optimise the stealing bit combinations. For the sake of the performance, it is therefore suggested to optimise the stealing bit combinations.
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