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UEP/UED for VoIP

1. Introduction

Unequal error protection (UEP) and unequal error detection (UED) has been widely used for CS services in GSM as they provide an important capacity gain over EEP/EED [1]. Through (UEP/UED), the channel coding tries to maximize the perceived quality. Output bits from the media codec are divided into different classes based on their subjective importance. Bits are then unequally protected in channel coding according to their class. UEP as such does not improve the average link level performance. As a matter of fact, what is gained on the class A bits, is symmetrically lost on the class B and C bits. In other words, UEP behaves as if the class A bit errors were transferred to the class B and C bits. Consequently the average BER remains the same. However since fewer errors occur on the most important bits (class A) the speech quality improves. Besides, since the FER is based on the class A bits only (UED), these additional class B and C bit errors will not discard the whole frame. And as a result the FER is also reduced. This contribution investigates the gains that UEP/UED could provide for VoIP services in GERAN with the Flexible Layer One (FLO). It is here assumed that the subflow differentiation occurs in or above the PDCP layer (it is not within the scope of this paper to analyse how it is done).

2. Overhead

For VoIP, the overhead consists of one compressed RTP/UDP/IP header produced by ROHC and 3 headers that are introduced on the different layers of the radio protocol stack: PDCP, RLC and MAC.

2.1 ROHC Header

RTP/UDP/IP headers are compressed by ROHC, which produces ROHC headers. In order to use a realistic size for the ROHC headers when assessing UEP/UED for VoIP, the following VoIP scenario was used:

· input speech sample extracted from a real discussion (6min 30s length)

· AMR codec at 10.2 kbit/s with DTX enabled

· IPv6 (UDP checksum & ROHC CID enabled)

· approx. 3% FER on radio link

Figure 1 presents the distribution of the ROHC header sizes produced in this scenario. The most frequent header size is 4 bytes. One of the bytes is ROHC context identifier (context identifier of PDCP header could be used instead reducing the size of each ROHC header with one byte). UDP checksum creates 2 bytes (sent uncompressed), and the actual header information is in one byte.
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Figure 1. ROHC header sizes

2.2 PDCP Header

PDCP adds one byte of overhead, indicating the use of header compression. Two different cases are studied in this contribution: the first one where only one subflow carries a PDCP header (optimised PDCP referred to as UEP/UED1 in the simulations), and the second one where each subflow carries one PDCP header (current PDCP referred to as UEP/UED2 in the simulations).

2.3 RLC Header

The RLC layer is assumed to be transparent and does not introduce any overhead.

2.4 MAC Header

The MAC layer is assumed to be dedicated and does not introduce any overhead.

In total 40 bits are introduced (see Table 1 below). 

Table 1. Overhead for VoIP
	Overhead
	byte
	bit

	ROHC
	4
	32

	PDCP
	1
	8

	RLC
	0
	0

	MAC
	0
	0

	Total
	5
	40


3. Transport Block sizes

The transport blocks to be transmitted are listed in Table 2 below. The CS column depicts the circuit switched case and is identical to what is specified in 26.101 [3] (no overhead is introduced). In the three VoIP columns the overhead previously described is added (see §2). VoIP EEP/EED uses equal error protection and equal error detection. The compressed header is simply attached to the AMR payload and only one transport channel is used. For UEP/UED, three transport channels are setup. The difference between UEP/UED1 and UEP/UED2 is the overhead that is introduced on PDCP layer. In UEP/UED1, the PDCP is optimised so that only one subflow carries the PDCP header; while in UEP/UED2 each subflow carries its own PDCP header (see §2.2).

Table 2. Transport Blocks Sizes for VoIP
	AMR mode
	TrCH
	CS
	VoIP EEP/EED
	VoIP UEP/UED1
	VoIP UEP/UED2

	12.20
	A
	81
	284
	121
	121

	
	B
	103
	0
	103
	111

	
	C
	60
	0
	60
	68

	
	total
	244
	284
	284
	300

	10.20
	A
	65
	244
	105
	105

	
	B
	99
	0
	99
	107

	
	C
	40
	0
	40
	48

	
	total
	204
	244
	244
	260

	7.95
	A
	75
	199
	115
	115

	
	B
	84
	0
	84
	92

	
	C
	0
	0
	0
	0

	
	total
	159
	199
	199
	207

	7.40
	A
	61
	188
	101
	101

	
	B
	87
	0
	87
	95

	
	C
	0
	0
	0
	0

	
	total
	148
	188
	188
	196

	6.70
	A
	58
	174
	98
	98

	
	B
	76
	0
	76
	84

	
	C
	0
	0
	0
	0

	
	total
	134
	174
	174
	182

	5.90
	A
	55
	158
	95
	95

	
	B
	63
	0
	63
	71

	
	C
	0
	0
	0
	0

	
	total
	118
	158
	158
	166

	5.15
	A
	49
	143
	89
	89

	
	B
	54
	0
	54
	62

	
	C
	0
	0
	0
	0

	
	total
	103
	143
	143
	151

	4.75
	A
	42
	135
	82
	82

	
	B
	53
	0
	53
	61

	
	C
	0
	0
	0
	0

	
	total
	95
	135
	135
	143


4. FLO ConFiguration

4.1 For EEP/EED

The compressed header is simply attached to the AMR payload and only one transport channel is used. For error detection a 12 bits CRC is used. For channel coding a 1/3 convolutional code of constraint length 7 is used [4]. Since only one TrCH is used at a time, the value of the rate matching attribute does not matter. A TFCI of 4 bits is selected, allowing a maximum of 16 different TFCs to be used. The 4 bits TFCI is encoded to 28 bits [5]. And as for existing GSM speech traffic channels, the interleaving is made diagonal over 8 bursts.

4.2 For UEP/UED

The configuration of FLO for UEP/UED is described on Figure 2. One TrCH is setup for each subflow: TrCH A, TrCH B and TrCH C. ROHC headers are transmitted together with the class A bits on TrCH A (no separate TrCH is used), TrCH B carries the class B bits and TrCH C the class C bits.
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Figure 2. FLO for UEP/UED
For error detection a 12 bits CRC is used on TrCH A. For channel coding a 1/3 convolutional code of constraint length 7 is used [4] on all TrCHs. The following rate matching attributes are selected in order to match the coding rate specified in 45.003 [2] when using the bit classes given in 26.101 [3]:

· 13 for Class A bits

· 12 for Class A bits

· 9 for Class A bits

A TFCI of 4 bits is selected, allowing a maximum of 16 different TFCs to be used (as for EEP/EED). The 4 bits TFCI is encoded to 28 bits [5]. And as for existing GSM speech traffic channels, the interleaving is made diagonal over 8 bursts.

5. Link Level Results

Simulations were run with the configurations described above. 20 000 frames on GMSK full rate channels were simulated in TU3iFH at 900MHz and impairments were included. Link level results are presented in Annex A and summarized in Table 3 and Table 4 below. Capacity estimates are based on [6]. Note that in Annex A, gains are also presented for CS domain.

When only one subflow carries the PDCP header, UEP/UED provides significant gains (see Table 3), especially for the highest AMR modes (58.4% for AMR 12.2). The average gain depends on the ACS. For the ACS covering the whole AMR-NB mode range (12.2 + 7.95 + 5.9 + 4.75 / case M in [7]), the average gain is 0.7dB in link level and 21% in capacity.

When each subflow carries one PDCP header, it appears that the gains partially disappear (see Table 4). For the 5.15 and 4.75 kbit/s AMR mode, UEP/UED even introduces a 0.1dB loss. But for the two highest modes (10.2 and 12.2) the gains remain important (+40% and +19.0% respectively). UEP/UED still increases the coverage of high quality calls quite much. For the ACS covering the whole AMR-NB mode range (12.2 + 7.95 + 5.9 + 4.75 / case M in [7]), the average gain is 0.3dB in link level and 10% in capacity.

If an additional overhead were introduced on each subflow by RLC/MAC, poorer gains for UEP/UED would be noticed. Thus to maximise the UEP/UED gains, the overhead must be minimised on each subflow.

Table 3. UEP/UED Gains for VoIP 
with one PDCP header only
	AMR mode
	C/Ico at 1% BLER
	Capacity Gain1

	
	UEP/UED
	EEP
	Difference
	

	12.2 kbit/s
	11.6
	13.3
	1.7
	+58.4%

	10.2 kbit/s
	10.0
	11.3
	1.3
	+44.1%

	7.95 kbit/s
	8.4
	8.7
	0.3
	+8.3%

	7.4 kbit/s
	8.1
	8.4
	0.3
	+8.3%

	6.7 kbit/s
	7.4
	7.8
	0.4
	+11.8%

	5.9 kbit/s
	6.9
	7.2
	0.3
	+8.3%

	5.15 kbit/s
	6.3
	6.4
	0.1
	+1.1%

	4.75 kbit/s
	5.9
	6.2
	0.3
	+8.3%


1) TCH Carrier with PC, DTX and FH

Table 4. UEP/UED Gains for VoIP 
with one PDCP header on every subflow
	AMR mode
	C/Ico at 1% BLER
	Capacity Gain1

	
	UEP/UED
	EEP
	Difference
	

	12.2 kbit/s
	12.1
	13.3
	1.2
	+40.5%

	10.2 kbit/s
	10.7
	11.3
	0.6
	+19.0%

	7.95 kbit/s
	8.7
	8.7
	0.0
	+0.0%

	7.4 kbit/s
	8.3
	8.4
	0.1
	+1.1%

	6.7 kbit/s
	7.8
	7.8
	0.0
	0.0%

	5.9 kbit/s
	7.2
	7.2
	0.0
	0.0%

	5.15 kbit/s
	6.5
	6.4
	-0.1
	-1.1%

	4.75 kbit/s
	6.3
	6.2
	-0.1
	-1.1%


1) TCH Carrier with PC, DTX and FH

6. Conclusion

This contribution has studied the gain that UEP/UED could provide for VoIP in GERAN. Through link level simulations, it has shown that when only one subflow carries the PDCP header, the gains are significant for all the modes and especially for the highest ones. When each subflow carries its own PDCP header, some of the UEP/UED gains disappear, but important gains remain for the highest AMR modes

So in order to maximise the UEP/UED gains, it is therefore important to minimise the overhead that is carried on each subflow. For best gains, only one subflow should carry the overhead.
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Annex A - Link Level Results
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