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1
Introduction

During the DCH Enhancements study item, two new approaches were proposed for downlink rate-matching [1]. This contribution provides a comparative link analysis of the two schemes, as proposed in [2].
2
Rate-matching schemes and simulation assumptions
2.1 Description and qualitative comparison of the schemes
The scheme proposed in Solution 3 of [1], called pseudo-flexible rate-matching (RM), is essentially identical to the current R99 rate-matching, except that the algorithm proceeds as if the RM attribute of the transport-channel carrying the DCCH blocks is set to zero whenever there is no DCCH block to be delivered. The scheme proposed in Solution 2 of [1], which we will refer to as interleave-repeat, interleaves the encoded output block and then repeats the resulting interleaved block so as to fill up all available DPDCH bits in the TTI, thus completely avoiding DTX of DPDCH for all transport-format combinations. 
Both these new solutions provide gain relative to the current R99 fixed-positions rate-matching scheme that is used today to carry voice traffic. The gain is achieved by making use of DCCH bit positions when DCCH is not present, in contrast with current R99, wherein certain bit positions are always reserved for DCCH and are DTXed when DCCH is not present. When compared to the pseudo-flexible RM scheme, the interleave-repeat RM scheme is a more significant deviation from the current R99 RM, and thus increases implementation cost at both NodeB and UE. However, when used in conjunction with frame-early termination (FET), it has the potential to provide additional link gain as well as earlier decoding time, since it allows the earliest transmission of all the encoder output bits before the transmitter starts to repeat the bits. The additional complexity is justified only if these gains are significant enough.

When DCCH is absent, for full-rate AMR voice frames, the pseudo-flexible RM scheme also uses up all available DPDCH bits without leaving any DTXed, just like the interleave-repeat scheme. Thus, for full-rate frames, the only additional benefits of the interleave-repeat scheme come from a different interleaver choice. For SID and Null frames, there will be DTXed DPDCH bits in the pseudo-flexible RM scheme, i.e., the code-rate is higher than that in the interleave-repeat scheme. More bit repetitions are conducive to earlier decoding and thus to higher gains when FET is used. So we could expect more link gain from the interleave-repeat scheme for the smaller packets (SID and Null). However, at 50% voice-activity factor, the overall link gain will be dominated by that of the full packet.
2.1 Link simulation assumptions

The link simulation assumptions used are identical to those for link-evaluation of Solution 3 of [1]. The two solutions compared were Solution 3 of [1], and the same solution using interleave-repeat RM instead of pseudo-flexible RM. The AMR12.2kbps vocoder was evaluated in single link (no soft-handover) scenario.

As explained in [1], the large number of repetitions for the small packets in the interleave-repeat RM solution implies that the per-chip data SNR drops very low. This impacts DL ILPC SIR estimation quality because the DPCCH bits used to estimate SIR also experience poor quality, as their transmit power is a fixed offset of the DPDCH transmit power. This issue is resolved by using a larger offset (DPCCH-boost) for smaller packet sizes. In the current study of the interleave-repeat RM scheme, the DPCCH/DPDCH offset is increased from its nominal value of 3dB (used for full-rate frames), by an additional amount of 5.03dB for SID and 8.38dB for Null packets. While these are not the amounts used in Solution 2 of [1], it must be noted that (a) optimizing these offset boosts only improves performance for SID and Null packets, which don’t strongly impact the overall link gain at 50% voice activity, and (b) since we are applying the repeat-interleave RM to Solution 3 of [1] and not Solution 2 as in [1], the optimum offset boosts may be different from those in [1].
3
Link simulation results

The simulation results are shown in Table 1. The following observations can be made from the table regarding the additional advantages of interleave-repeat over pseudo-flexible RM:
a) At 50% VAF (voice-activity factor), the link gain is around 0-0.2dB with FET active, and around 0-0.15dB when FET is disabled. The gain when FET is active is more than when FET is disabled, but by a small amount (around 0.05 to 0.1 dB). The gain is expected to be more with FET, since the interleave-repeat scheme is designed with FET in mind.
b) For the full-packet, the link gain is 0.1dB or less. With FET, the SID and Null packets have gains around 0.7dB and 1.3dB respectively. Since full-packet has a much higher Ec/Ior, overall gain at 50% VAF is dominated by the gain of the full packet. 
c) The interleave-repeat scheme reduces average decode time by around 1 slot at 50% VAF.
Table 1: Comparing pseudo-flexible RM (P-flex) with interleave-repeat RM (intl.-rep) for AMR12.2kbps with DCH enhancements, Active-set size=1.
	Chan-nel
	AMR 12.2kbps packet
	Geometry dB
	R99 EcIor (dB)
	link gains over R99 (dB)
	link gain of intl.-rep over P-flex
	average decode time (slots)
	DRX gain of intl.-rep(slots) 

	
	
	
	
	no FET
	with FET
	
	
	

	
	
	
	
	P-flex
	intl.-rep
	P-flex
	intl.-rep
	no FET
	with FET
	P-flex
	intl.-rep
	

	ITU PA3
	Full
	3
	-16.84
	0.06
	0.13
	2
	2.1
	0.07
	0.1
	15.8
	15.7
	0.1

	
	
	6
	-19.51
	0.33
	0.13
	2.08
	1.92
	-0.2
	-0.16
	16.9
	16.6
	0.3

	
	
	9
	-21.85
	0.15
	0.11
	1.9
	1.92
	-0.04
	0.02
	17.1
	16.9
	0.2

	
	
	12
	-23.81
	0.11
	0.11
	1.91
	1.93
	0
	0.02
	17.2
	16.9
	0.3

	
	Null
	3
	-22.99
	3.57
	3.76
	6.51
	7.17
	0.19
	0.66
	12.3
	10.3
	2

	
	
	6
	-25.51
	3.52
	4.44
	6.49
	7.87
	0.92
	1.38
	12.5
	10.2
	2.3

	
	
	9
	-27.85
	3.5
	4.76
	6.55
	8.15
	1.26
	1.6
	12.4
	10
	2.4

	
	
	12
	-29.9
	3.53
	4.76
	6.57
	8.39
	1.23
	1.82
	12.7
	9.3
	3.4

	
	SID
	3
	-20.57
	2.44
	2.09
	4.63
	4.69
	-0.35
	0.06
	14.8
	13.1
	1.7

	
	
	6
	-23.26
	2.31
	2.21
	4.41
	4.86
	-0.1
	0.45
	15.5
	13.2
	2.3

	
	
	9
	-25.56
	2.38
	2.66
	4.51
	5.25
	0.28
	0.74
	15.6
	13.6
	2

	
	
	12
	-27.52
	2.4
	2.88
	4.59
	5.42
	0.48
	0.83
	15.6
	13.8
	1.8

	
	50% VAF
	3
	-18.83
	0.57
	0.64
	2.59
	2.73
	0.07
	0.13
	14.2
	13.2
	1.0

	
	
	6
	-21.47
	0.81
	0.71
	2.67
	2.62
	-0.10
	-0.05
	14.9
	13.6
	1.3

	
	
	9
	-23.81
	0.65
	0.72
	2.52
	2.65
	0.07
	0.13
	15.0
	13.7
	1.3

	
	
	12
	-25.79
	0.61
	0.72
	2.52
	2.66
	0.11
	0.14
	15.1
	13.4
	1.8

	ITU PB3
	Full
	3
	-18.5
	0.21
	0.15
	2.06
	2.07
	-0.06
	0.01
	18
	17.6
	0.4

	
	
	6
	-19.98
	0.14
	0.1
	2.02
	2.04
	-0.04
	0.02
	18
	17.5
	0.5

	
	
	9
	-20.95
	0.1
	0.15
	2
	2.06
	0.05
	0.06
	17.8
	17.7
	0.1

	
	
	12
	-21.51
	0.07
	0.16
	2
	2.09
	0.09
	0.09
	17.7
	17.6
	0.1

	
	Null
	3
	-24.44
	3.71
	4.27
	6.96
	8.21
	0.56
	1.25
	12.8
	10.9
	1.9

	
	
	6
	-25.92
	3.66
	4.4
	6.95
	8.32
	0.74
	1.37
	12.6
	10.9
	1.7

	
	
	9
	-26.92
	3.67
	4.49
	6.95
	8.31
	0.82
	1.36
	12.7
	11.2
	1.5

	
	
	12
	-27.44
	3.63
	4.55
	6.97
	8.39
	0.92
	1.42
	12.5
	11.1
	1.4

	
	SID
	3
	-22.14
	2.44
	2.55
	4.71
	5.43
	0.11
	0.72
	16.2
	14
	2.2

	
	
	6
	-23.64
	2.33
	2.58
	4.66
	5.47
	0.25
	0.81
	16
	14.1
	1.9

	
	
	9
	-24.6
	2.38
	2.58
	4.71
	5.45
	0.2
	0.74
	16
	14.1
	1.9

	
	
	12
	-25.21
	2.36
	2.53
	4.7
	5.41
	0.17
	0.71
	16
	14.1
	1.9

	
	50% VAF
	3
	-20.45
	0.73
	0.73
	2.70
	2.80
	0.00
	0.10
	15.6
	14.4
	1.2

	
	
	6
	-21.93
	0.66
	0.70
	2.66
	2.78
	0.03
	0.12
	15.5
	14.4
	1.1

	
	
	9
	-22.90
	0.63
	0.74
	2.64
	2.79
	0.12
	0.15
	15.5
	14.6
	0.8

	
	
	12
	-23.46
	0.60
	0.76
	2.65
	2.83
	0.16
	0.18
	15.3
	14.5
	0.8

	ITU VA30
	Full
	3
	-18.73
	0.23
	0.18
	2.06
	2.09
	-0.05
	0.03
	17.7
	17.3
	0.4

	
	
	6
	-20.3
	0.2
	0.16
	2.04
	2.07
	-0.04
	0.03
	17.7
	17.4
	0.3

	
	
	9
	-21.33
	0.11
	0.17
	2
	2.1
	0.06
	0.1
	17.6
	17.4
	0.2

	
	
	12
	-21.94
	0.07
	0.16
	2
	2.1
	0.09
	0.1
	17.5
	17.3
	0.2

	
	Null
	3
	-24.66
	3.84
	4.41
	7.04
	8.31
	0.57
	1.27
	12.7
	10.7
	2

	
	
	6
	-26.23
	3.86
	4.49
	7.06
	8.35
	0.63
	1.29
	12.7
	10.9
	1.8

	
	
	9
	-27.19
	3.93
	4.72
	7.19
	8.49
	0.79
	1.3
	12.6
	11.1
	1.5

	
	
	12
	-27.78
	3.92
	4.98
	7.22
	8.64
	1.06
	1.42
	12.5
	11.5
	1

	
	SID
	3
	-22.39
	2.61
	2.79
	4.82
	5.62
	0.18
	0.8
	16.2
	13.8
	2.4

	
	
	6
	-23.97
	2.53
	2.71
	4.8
	5.57
	0.18
	0.77
	16
	13.8
	2.2

	
	
	9
	-25.02
	2.55
	2.61
	4.81
	5.54
	0.06
	0.73
	16
	13.6
	2.4

	
	
	12
	-25.6
	2.56
	2.69
	4.87
	5.59
	0.13
	0.72
	15.9
	13.7
	2.2

	
	50% VAF
	3
	-20.68
	0.77
	0.77
	2.71
	2.83
	0.01
	0.12
	15.4
	14.2
	1.2

	
	
	6
	-22.25
	0.74
	0.76
	2.69
	2.81
	0.02
	0.12
	15.4
	14.3
	1.1

	
	
	9
	-23.27
	0.67
	0.79
	2.67
	2.85
	0.12
	0.18
	15.3
	14.4
	0.9

	
	
	12
	-23.87
	0.64
	0.80
	2.68
	2.87
	0.16
	0.19
	15.2
	14.5
	0.7

	ITU VA120
	Full
	3
	-18.92
	0.24
	0.15
	2.02
	2.04
	-0.09
	0.02
	18.2
	17.7
	0.5

	
	
	6
	-20.35
	0.21
	0.16
	2
	2.05
	-0.05
	0.05
	18.2
	17.7
	0.5

	
	
	9
	-21.25
	0.2
	0.18
	2.02
	2.07
	-0.02
	0.05
	18.1
	17.7
	0.4

	
	
	12
	-21.79
	0.19
	0.2
	2.02
	2.08
	0.01
	0.06
	18.1
	17.8
	0.3

	
	Null
	3
	-24.83
	3.9
	4.37
	7.06
	8.32
	0.47
	1.26
	13
	10.8
	2.2

	
	
	6
	-26.22
	3.84
	4.52
	7.1
	8.36
	0.68
	1.26
	12.7
	11.1
	1.6

	
	
	9
	-27.11
	3.93
	4.6
	7.18
	8.42
	0.67
	1.24
	12.7
	11.2
	1.5

	
	
	12
	-27.64
	3.95
	4.63
	7.23
	8.43
	0.68
	1.2
	12.7
	11.2
	1.5

	
	SID
	3
	-22.6
	2.56
	2.72
	4.77
	5.59
	0.16
	0.82
	16.5
	14
	2.5

	
	
	6
	-24
	2.57
	2.71
	4.81
	5.58
	0.14
	0.77
	16.3
	14
	2.3

	
	
	9
	-24.94
	2.54
	2.68
	4.8
	5.54
	0.14
	0.74
	16.3
	14.1
	2.2

	
	
	12
	-25.46
	2.56
	2.69
	4.85
	5.55
	0.13
	0.7
	16.1
	14
	2.1

	
	50% VAF
	3
	-20.87
	0.78
	0.74
	2.68
	2.79
	-0.04
	0.11
	15.8
	14.5
	1.4

	
	
	6
	-22.29
	0.75
	0.77
	2.67
	2.80
	0.01
	0.14
	15.7
	14.6
	1.1

	
	
	9
	-23.19
	0.75
	0.79
	2.69
	2.82
	0.04
	0.13
	15.6
	14.6
	1.0

	
	
	12
	-23.72
	0.75
	0.81
	2.70
	2.83
	0.07
	0.14
	15.6
	14.7
	0.9


3
Conclusions

We have presented a link comparison of two new rate-matching proposals considered earlier for DCH Enhancements. At 50% voice activity, the interleave-repeat approach shows a link gain of around 0-0.2 dB and a decoding time savings of around 1 slot when compared to the pseudo-flexible RM approach. Since the interleave-repeat approach is a significant deviation from the current R99 specification when compared to pseudo-flexible RM, the gains are not significant enough to justify the increased implementation costs. Hence, we propose the following:

Proposal: Adopt pseudo-flexible rate-matching as the rate-matching solution to be standardized for DCH Enhancements.
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