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1 Introduction
In RAN1#72-bis, the link performance results with downlink DCH enhancements specified in [1] were evaluated in [4] and contrasted against performance of legacy DCH channel. In the study in [4], the inner-loop power-control rate was assumed to be 1500Hz on both uplink and downlink. The present contribution repeats the same analysis, except that the power-control rate is assumed to be 750Hz on both UL and DL. We compare the results thus obtained with those of [4]. We also tabulate the BER achieved on the TPC bits sent over the DL DPCCH, validating that the DCH enhancements do not degrade this BER relative to that achieved using the current R99 DCH. All simulation assumptions are identical to those used in [4], except for the use of 750Hz power control on both UL and DL. These assumptions were included in RAN1#72-bis contributions [2],[3] and have been incorporated into Sections 9.1, 9.2, 9.5 and 9.7 of the text proposal [5].
2 Performance Results – link efficiency
2.1 Single-Link Scenario
In this scenario, DL link performance in terms of average DPCH Tx Ec/Ior is evaluated with a single link and active set size of 1, and comparisons between legacy DCH and enhanced DCH systems are presented for AMR12.2K and AMR5.9K voice codecs. The average DPCH TxEc/Ior is computed by averaging across the entire simulation. This averaging accounts for the presence of power offsets for DPCCH relative to DPDCH as well as DTX insertion due to both the the usual R99 transmit chain functions as well as due to early termination in case of DCH enhancements. This is illustrated in Figure 1.
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Figure 1: Showing DL TxEc/Ior calculation accounting for power-offsets and DTX.
2.1.1 AMR12.2K Voice Codec
Table 1 compares link performance results for AMR 12.2K codec over R99 DCH channel vs. over enhanced DCH. These results are averaged across all packet types produced by the vocoder. Detailed results for each packet type are in the appendix (Table A1).
Table 1: Link Performance comparison of DL AMR 12.2kbps voice over R99 vs. over enhanced DCH, averaged across packet types assuming 50% voice activity factor

	Channel Type
	Geometry (dB)
	Average DPCH TxEc/Ior (dB)
	Link gain (dB) from enhanced DCH
	Average FET decoding time (slots)
	BLER at end of packet

	
	
	R99
	DCH Enhancements-1500Hz
	DCH Enhancements-750Hz
	1500Hz
	750Hz
	1500Hz
	750Hz
	R99
	Enhanced DCH-1500Hz
	Enhanced DCH-750Hz

	PA3
	3
	-18.83
	-19.73
	-19.40
	0.90
	0.58
	5.9
	5.4
	0.012
	0.011
	0.012

	
	6
	-21.47
	-23.07
	-22.24
	1.60
	0.76
	6.5
	5.6
	0.010
	0.010
	0.010

	
	9
	-23.81
	-25.54
	-24.69
	1.73
	0.88
	6.7
	5.8
	0.010
	0.010
	0.010

	
	12
	-25.79
	-27.53
	-26.78
	1.75
	0.99
	6.8
	5.9
	0.010
	0.010
	0.010

	PB3
	3
	-20.45
	-22.61
	-22.52
	2.16
	2.07
	7.6
	7.1
	0.010
	0.010
	0.010

	
	6
	-21.93
	-24.11
	-24.05
	2.18
	2.12
	7.6
	7.2
	0.010
	0.010
	0.010

	
	9
	-22.90
	-25.09
	-25.04
	2.19
	2.14
	7.6
	7.2
	0.010
	0.010
	0.010

	
	12
	-23.46
	-25.66
	-25.58
	2.20
	2.12
	7.6
	7.2
	0.010
	0.010
	0.010

	VA30
	3
	-20.68
	-22.66
	-22.69
	1.98
	2.01
	7.5
	7.1
	0.010
	0.010
	0.010

	
	6
	-22.25
	-24.28
	-24.31
	2.03
	2.06
	7.5
	7.1
	0.010
	0.010
	0.010

	
	9
	-23.27
	-25.33
	-25.33
	2.06
	2.07
	7.4
	7.1
	0.010
	0.010
	0.010

	
	12
	-23.87
	-25.95
	-25.97
	2.08
	2.10
	7.4
	7.1
	0.010
	0.010
	0.010

	VA120
	3
	-20.87
	-22.91
	-22.95
	2.05
	2.09
	7.7
	7.4
	0.010
	0.010
	0.010

	
	6
	-22.29
	-24.35
	-24.39
	2.07
	2.11
	7.6
	7.4
	0.010
	0.010
	0.010

	
	9
	-23.19
	-25.28
	-25.32
	2.09
	2.14
	7.6
	7.3
	0.010
	0.010
	0.010

	
	12
	-23.72
	-25.83
	-25.87
	2.10
	2.15
	7.5
	7.3
	0.010
	0.010
	0.010


2.1.2 AMR5.9K Voice Codec

Table 2 compares link performance results for AMR 5.9K codec over R99 DCH channel vs. over enhanced DCH. These results are averaged across all packet types produced by the vocoder. Detailed results for each packet type are in the appendix (Table A2).
Table 2: Link Performance comparison of DL AMR 5.9kbps voice over R99 vs. over enhanced DCH, averaged across packet types assuming 50% voice activity factor

	Channel Type
	Geometry (dB)
	Average DPCH TxEc/Ior (dB)
	Link gain (dB) from enhanced DCH
	Average FET decoding time (slots)
	BLER at end of packet

	
	
	R99
	DCH Enhancements-1500Hz
	DCH Enhancements-750Hz
	1500Hz
	750Hz
	1500Hz
	750Hz
	R99
	Enhanced DCH-1500Hz
	Enhanced DCH-750Hz

	PA3
	3
	-20.51
	-21.74
	-21.04
	1.23
	0.53
	7.0
	6.6
	0.011
	0.011
	0.011

	
	6
	-23.26
	-24.84
	-23.91
	1.58
	0.65
	7.3
	6.7
	0.010
	0.010
	0.010

	
	9
	-25.59
	-27.29
	-26.42
	1.70
	0.82
	7.3
	6.8
	0.010
	0.010
	0.010

	
	12
	-27.61
	-29.36
	-28.50
	1.75
	0.88
	7.4
	6.8
	0.010
	0.010
	0.010

	PB3
	3
	-22.25
	-24.52
	-24.45
	2.27
	2.20
	8.0
	7.6
	0.010
	0.010
	0.010

	
	6
	-23.74
	-26.03
	-25.99
	2.29
	2.24
	8.1
	7.7
	0.010
	0.010
	0.010

	
	9
	-24.74
	-26.99
	-26.95
	2.25
	2.21
	8.0
	7.7
	0.010
	0.010
	0.010

	
	12
	-25.31
	-27.55
	-27.50
	2.24
	2.19
	8.0
	7.7
	0.010
	0.010
	0.010

	VA30
	3
	-22.40
	-24.54
	-24.62
	2.14
	2.23
	8.0
	7.8
	0.010
	0.010
	0.010

	
	6
	-24.02
	-26.18
	-26.22
	2.16
	2.20
	8.0
	7.7
	0.010
	0.010
	0.010

	
	9
	-25.04
	-27.24
	-27.30
	2.20
	2.25
	8.0
	7.7
	0.010
	0.010
	0.010

	
	12
	-25.68
	-27.88
	-27.96
	2.20
	2.28
	7.9
	7.7
	0.010
	0.010
	0.010

	VA120
	3
	-22.52
	-24.78
	-24.87
	2.26
	2.35
	8.3
	8.0
	0.010
	0.010
	0.010

	
	6
	-23.99
	-26.25
	-26.34
	2.26
	2.35
	8.2
	7.9
	0.010
	0.010
	0.010

	
	9
	-24.93
	-27.21
	-27.30
	2.27
	2.36
	8.1
	7.9
	0.010
	0.010
	0.010

	
	12
	-25.51
	-27.77
	-27.85
	2.26
	2.34
	8.1
	7.8
	0.010
	0.010
	0.010


2.2 Two-way soft handover
In this scenario, link performance is evaluated with an active set size of 2, and comparisons between legacy DCH and enhanced DCH systems are presented for AMR12.2K and AMR5.9K voice codecs. Both soft-handover cells have equal geometry, where geometry for each cell is defined as Ior_cell/No. The average TxEc/Ior is recorded for only one of the two cells, as it will be the same for the other cell.
2.2.1 AMR12.2K Voice Codec

Table 3 compares link performance results for AMR 12.2K codec over R99 DCH channel vs. over enhanced DCH. These results are averaged across all packet types produced by the vocoder. Detailed results for each packet type are in the appendix (Table A3)
Table 3: Link Performance comparison of DL AMR 12.2kbps voice over R99 vs. over enhanced DCH, averaged over packet types assuming 50% voice activity factor

	
	
	Average DPCH TxEc/Ior (dB)
	Link gain (dB) from enhanced DCH
	Average FET decoding time (slots)
	BLER at end of packet

	Channel Type
	Geometry Ior1/No (dB)
	R99
	DCH Enhancements 1500Hz
	DCH Enhancements 750Hz
	1500Hz
	750Hz
	1500Hz
	750Hz
	R99
	enhanced DCH 1500Hz
	enhanced DCH 750Hz

	PA3
	-3
	-17.90
	-19.83
	-19.58
	1.93
	1.69
	7.0
	6.5
	0.011
	0.010
	0.010

	
	0
	-20.29
	-22.34
	-22.11
	2.05
	1.82
	7.3
	6.7
	0.010
	0.010
	0.010

	
	3
	-22.12
	-24.23
	-24.04
	2.11
	1.91
	7.4
	6.9
	0.010
	0.010
	0.010

	PB3
	-3
	-18.24
	-20.39
	-20.40
	2.14
	2.15
	7.6
	7.3
	0.010
	0.010
	0.010

	
	0
	-20.05
	-22.24
	-22.26
	2.19
	2.21
	7.6
	7.3
	0.010
	0.010
	0.010

	
	3
	-21.25
	-23.45
	-23.49
	2.20
	2.24
	7.6
	7.3
	0.010
	0.010
	0.010

	VA30
	-3
	-18.43
	-20.48
	-20.53
	2.05
	2.10
	7.6
	7.2
	0.010
	0.010
	0.010

	
	0
	-20.26
	-22.37
	-22.41
	2.11
	2.15
	7.6
	7.3
	0.010
	0.010
	0.010

	
	3
	-21.56
	-23.64
	-23.67
	2.09
	2.12
	7.6
	7.3
	0.010
	0.010
	0.010

	VA120
	-3
	-18.47
	-20.54
	-20.59
	2.07
	2.12
	7.7
	7.4
	0.010
	0.010
	0.010

	
	0
	-20.26
	-22.31
	-22.38
	2.06
	2.13
	7.6
	7.4
	0.010
	0.010
	0.010

	
	3
	-21.41
	-23.52
	-23.57
	2.11
	2.16
	7.6
	7.3
	0.010
	0.010
	0.010


2.2.2 AMR 5.9K Voice Codec

Table 4 compares link performance results for AMR 5.9K codec over R99 DCH channel vs. over enhanced DCH. These results are averaged across all packet types produced by the vocoder. Detailed results for each packet type are in the appendix (Table A4).
Table 4: Link Performance comparison of DL AMR 5.9kbps voice over R99 vs. over enhanced DCH, averaged over packet types assuming 50% voice activity factor
	Channel Type
	Geometry Ior1/No (dB)
	Average DPCH TxEc/Ior (dB)
	Link gain (dB) from enhanced DCH
	Average FET decoding time (slots)
	BLER at end of packet

	
	
	R99
	DCH Enhancements 1500Hz
	DCH Enhancements 750Hz
	1500Hz
	750Hz
	1500Hz
	750Hz
	R99
	enhanced DCH 1500Hz
	enhanced DCH 750Hz

	PA3
	-3
	-19.64
	-21.74
	-21.47
	2.10
	1.83
	7.7
	7.3
	0.010
	0.010
	0.010

	
	0
	-22.06
	-24.18
	-23.98
	2.12
	1.92
	7.9
	7.4
	0.010
	0.010
	0.010

	
	3
	-23.95
	-26.13
	-25.91
	2.18
	1.96
	7.9
	7.5
	0.010
	0.010
	0.010

	PB3
	-3
	-20.04
	-22.28
	-22.33
	2.24
	2.29
	8.1
	7.8
	0.010
	0.010
	0.010

	
	0
	-21.83
	-24.13
	-24.20
	2.31
	2.37
	8.1
	7.8
	0.010
	0.010
	0.010

	
	3
	-23.08
	-25.34
	-25.43
	2.25
	2.35
	8.1
	7.8
	0.010
	0.010
	0.010

	VA30
	-3
	-20.17
	-22.34
	-22.46
	2.16
	2.28
	8.1
	7.8
	0.010
	0.010
	0.010

	
	0
	-22.05
	-24.27
	-24.38
	2.22
	2.33
	8.1
	7.8
	0.010
	0.010
	0.010

	
	3
	-23.36
	-25.55
	-25.66
	2.19
	2.30
	8.1
	7.8
	0.010
	0.010
	0.010

	VA120
	-3
	-20.15
	-22.39
	-22.53
	2.24
	2.39
	8.3
	8.0
	0.010
	0.010
	0.010

	
	0
	-21.92
	-24.22
	-24.35
	2.29
	2.43
	8.2
	8.0
	0.010
	0.010
	0.010

	
	3
	-23.12
	-25.44
	-25.56
	2.32
	2.44
	8.2
	7.9
	0.010
	0.010
	0.010


3 Performance Results – TPC BER

The TPC BERs achieved for each packet type, channel type and physical layer (R99 DCH, Enhanced DCH with 1500Hz power-control, and Enhanced DCH with 750Hz power-control) are shown in Figures 2,3 for AMR12.2kbps and 5.9kbps codecs respectively in absence of soft handover, and in Figures 4,5 for AMR12.2kbps and 5.9kbps codecs respectively in soft handover.
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Figure 2: TPC BER, no soft handover, AMR12.2kbps codec
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Figure 3: TPC BER, no soft handover, AMR5.9kbps codec
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Figure 4: TPC BER, soft handover, AMR12.2kbps code
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Figure 5: TPC BER, soft handover, AMR5.9kbps codec
4 Observations from performance results
The observations on comparison of R99 to enhanced DCH with 1500Hz PC have already been made in [4]. For the sake of completeness, we summarize the main observations in Table 5. We see that the smaller packets have more link efficiency gains, since they have larger pilot overhead and thus benefit more from the pilot-free slot format used as part of the DCH enhancements. They also have lower average early-decoding time. However, their link efficiency gains do not strongly impact the overall gain averaged across all packet types, since they consume smaller amount of power than the larger packets. Both the link efficiency gain and the average decoding time are fairly insensitive to channel type, geometry and whether the active-set size is 1 or 2. The exception is the PA3 channel in absence of soft-handover, where gains are lower in general compared to the other ITU channels (PB3, VA30, VA120), and further reduce at low (~3dB) geometry. The lack of diversity in this channel condition, and the presence of discontinuity in power control due to the DTX of DPCCH in alternate 10ms durations, result in lower gains for DCH enhancements in this case. The lack of diversity also causes larger swings in transmit power, leading to excess SNR and better chances of earlier decoding. Through some experiments (not detailed in this contribution), we have confirmed that the gains for this case can be increased significantly, to a level similar to those seen in the other cases, if the number of warm-up slots is increased. However, since UEs facing PA3-like conditions at low geometry are often likely to be in soft-handover, a small number of warm-up slots can be used to maximize UE current savings.

Table 9: Summary of gains from DCH enhancements using 1500Hz power control on DL and UL

	Voice codec
	Packet-type
	Link efficiency gains (dB)
	Average early-decoding time (slots)

	
	
	PA3, no SHO
	PB3,VA30, VA120 no SHO
	SHO
	PA3, no SHO
	PB3,VA30, VA120 no SHO
	SHO

	AMR

12.2kbps
	Full
	0.2 – 1.1
	1.3 - 1.5
	1.2 - 1.5
	6.1 – 7.5
	8.3 – 8.7
	7.8 – 8.8

	
	SID
	3.4 – 3.9
	4.2 – 4.4
	4 - 4.5
	6.1 – 6.9
	7.6 – 8
	7.3 – 8

	
	Null
	5.9 – 6.2
	6.6 – 6.8
	6.5 - 6.7
	5.6 – 5.9
	6.3 – 6.5
	6.1 – 6.5

	
	Average
	0.9 - 1.8
	2 – 2.2
	1.9 - 2.1
	5.9 – 6.8
	7.4 – 7.7
	7 - 7.7

	AMR

5.9kbps
	Full
	0.7 – 1.2
	1.6 - 1.8
	1.5 - 1.8
	7.7 – 8.3
	8.9 – 9.3
	8.7 – 9.3

	
	SID
	2.2 - 2.7
	3 - 3.4
	2.8 - 3.1
	7.1 – 7.6
	8.3 – 8.7
	8.1 – 8.6

	
	Null
	4 - 4.5
	4.9 – 5
	4.5 - 5
	6.1 – 6.4
	6.8 – 7
	6.6 – 7

	
	Average
	1.2 - 1.8
	2.1 - 2.3
	2.1 - 2.2
	7 – 7.4
	7.9 – 8.3
	7.7 – 8.3


The change of UL power control rate from 1500Hz to 750Hz allows DTXing of the TPC symbols sent on the downlink in every alternate slot, thus saving on the overhead power. On the other hand, the quality of the downlink power control is degraded due to the reduced DL power control rate. The overall link efficiency gain from 750Hz over 1500Hz ILPC thus depends on which of these competing effect dominates. 
For the small packets (AMR SID and Null), the overhead (DPCCH) is a significant fraction of the total power, so the power savings due to DTX of alternate TPC symbols on DL DPCCH dominates over the power-control loop degradation. However for the AMR full-rate packet, especially in PA3 channel, performance is sensitive to power-control loop accuracy, and thus actually deteriorates with the reduced power control rate. The overall link-efficiency gains (averaged over all packet types) are dominated by those of the full packet (at the assumed 50% voice activity factor) since the full packet consumes much more power than the other packets. Hence, for 50% voice activity factor, we see some loss in PA3 channel (as high as 0.75dB at high geometries), and fairly small gains (around 0.1dB) in the other channel models (PB3, VA30, VA120). The losses in PA3 are reduced in presence of soft handover, which alleviates the lack of diversity in the PA3 channel.
The TPC BER with DCH enhancements is similar to or better than that of existing R99 DCH in all cases: In Figures 2-5, the red colored plots (R99) show similar or higher TPC BER than the green (Enhanced DCH with 1500Hz PC) and blue (Enhanced DCH with 750Hz PC) colored plots of the corresponding line-style. This could be explained by the fact that the average TPC symbol transmit energy per slot is roughly the same in both cases: The DCH enhancements halves the packet duration, but the power control then raises the Ec/Ior per transmitted chip by roughly a factor of 2 to compensate, and the TPC symbols also see the same effect of being shortened in time but sent at higher power level. Also, 750Hz PC results in lower TPC BER compared to 1500Hz PC. This is because the degraded power control quality causes a higher SIR target setpoint, thus improving the TPC demodulation. The degraded power control quality also results in more excess SNR, which translates to more early decoding success rate and thus lower average decoding time, as shown by the tables in Section 2.
5 Conclusions

In this contribution, we have presented link level simulation performance results for the DL DCH enhancements for AMR 12.2K and AMR5.9K voice codecs, assuming both single link and 2-way soft handover, under both 1500Hz and 750Hz power-control rate. For 1500Hz power-control, the DCH enhancements result in link efficiency gains of around 2dB for all the studied channels, for both codecs both with and without soft handover, with only one exception: For both codecs, the gains are lower in PA3 without soft handover, especially at lower geometries. We have shown that reducing the power control rate for both DL and UL results in negligible additional gain for the DL DCH enhancements for the large packets; there is actually some loss in PA3 from this power control rate reduction. We have also shown the BER achieved on the TPC bits transmitted on the downlink, validating that the BER using the DCH enhancements is not degraded compared to that achieved using the current R99 DCH.
6 Appendix: Detailed (per-packet) link results

Table A1: Link Performance comparison of DL AMR 12.2kbps voice over R99 vs. over enhanced DCH, for each packet type. Active set size=1 (no SHO)
	Channel Type, Packet type
	Geometry (dB)
	Average DPCH TxEc/Ior (dB)
	Link gain (dB) from enhanced DCH
	Average FET decoding time (slots)
	BLER at end of packet

	
	
	R99
	DCH Enhancements-1500Hz
	DCH Enhancements-750Hz
	1500Hz
	750Hz
	1500Hz
	750Hz
	R99
	Enhanced DCH-1500Hz
	Enhanced DCH-750Hz

	PA3, Full
	3
	-16.84
	-17.07
	-16.71
	0.23
	-0.13
	6.1
	5.8
	0.013
	0.012
	0.013

	
	6
	-19.51
	-20.46
	-19.55
	0.95
	0.04
	7.1
	6.1
	0.01
	0.01
	0.01

	
	9
	-21.85
	-22.93
	-22
	1.08
	0.15
	7.4
	6.3
	0.01
	0.01
	0.01

	
	12
	-23.81
	-24.92
	-24.09
	1.11
	0.28
	7.5
	6.4
	0.01
	0.01
	0.01

	PA3, Null
	3
	-22.99
	-28.87
	-29.11
	5.88
	6.12
	5.6
	5
	0.011
	0.01
	0.01

	
	6
	-25.51
	-31.59
	-31.84
	6.08
	6.33
	5.8
	5.1
	0.01
	0.01
	0.01

	
	9
	-27.85
	-34.04
	-34.28
	6.19
	6.43
	5.8
	5.2
	0.01
	0.01
	0.01

	
	12
	-29.9
	-36.04
	-36.39
	6.14
	6.49
	5.9
	5.3
	0.01
	0.01
	0.01

	PA3, SID
	3
	-20.57
	-23.98
	-23.69
	3.41
	3.12
	6.1
	5.6
	0.012
	0.011
	0.011

	
	6
	-23.26
	-26.94
	-26.49
	3.68
	3.23
	6.7
	5.8
	0.01
	0.01
	0.01

	
	9
	-25.56
	-29.37
	-28.96
	3.81
	3.4
	6.9
	5.9
	0.01
	0.01
	0.01

	
	12
	-27.52
	-31.38
	-31.09
	3.86
	3.57
	6.9
	6
	0.01
	0.01
	0.01

	PB3, Full
	3
	-18.5
	-19.99
	-19.84
	1.49
	1.34
	8.6
	8
	0.01
	0.01
	0.01

	
	6
	-19.98
	-21.49
	-21.37
	1.51
	1.39
	8.6
	8.1
	0.01
	0.01
	0.01

	
	9
	-20.95
	-22.47
	-22.36
	1.52
	1.41
	8.6
	8.1
	0.01
	0.01
	0.01

	
	12
	-21.51
	-23.04
	-22.9
	1.53
	1.39
	8.6
	8.1
	0.01
	0.01
	0.01

	PB3, Null
	3
	-24.44
	-31.14
	-31.93
	6.7
	7.49
	6.4
	6.1
	0.01
	0.01
	0.01

	
	6
	-25.92
	-32.66
	-33.46
	6.74
	7.54
	6.4
	6.1
	0.01
	0.01
	0.01

	
	9
	-26.92
	-33.65
	-34.46
	6.73
	7.54
	6.4
	6.2
	0.01
	0.01
	0.01

	
	12
	-27.44
	-34.22
	-35.03
	6.78
	7.59
	6.4
	6.2
	0.01
	0.01
	0.01

	PB3, SID
	3
	-22.14
	-26.54
	-26.79
	4.4
	4.65
	7.8
	7.3
	0.01
	0.01
	0.01

	
	6
	-23.64
	-28.06
	-28.33
	4.42
	4.69
	7.8
	7.4
	0.01
	0.01
	0.01

	
	9
	-24.6
	-29.05
	-29.35
	4.45
	4.75
	7.9
	7.4
	0.01
	0.01
	0.01

	
	12
	-25.21
	-29.63
	-29.92
	4.42
	4.71
	7.8
	7.4
	0.01
	0.01
	0.01

	VA30, Full
	3
	-18.73
	-20.04
	-20.01
	1.31
	1.28
	8.4
	7.9
	0.01
	0.01
	0.01

	
	6
	-20.3
	-21.66
	-21.63
	1.36
	1.33
	8.4
	7.9
	0.01
	0.01
	0.01

	
	9
	-21.33
	-22.71
	-22.65
	1.38
	1.32
	8.4
	7.9
	0.01
	0.01
	0.01

	
	12
	-21.94
	-23.33
	-23.29
	1.39
	1.35
	8.3
	7.9
	0.01
	0.01
	0.01

	VA30, Null
	3
	-24.66
	-31.26
	-32.16
	6.6
	7.5
	6.4
	6.1
	0.01
	0.01
	0.01

	
	6
	-26.23
	-32.88
	-33.75
	6.65
	7.52
	6.4
	6.1
	0.01
	0.01
	0.01

	
	9
	-27.19
	-33.92
	-34.8
	6.73
	7.61
	6.3
	6.1
	0.01
	0.01
	0.01

	
	12
	-27.78
	-34.54
	-35.43
	6.76
	7.65
	6.3
	6.1
	0.01
	0.01
	0.01

	VA30, SID
	3
	-22.39
	-26.6
	-26.98
	4.21
	4.59
	7.7
	7.3
	0.01
	0.01
	0.01

	
	6
	-23.97
	-28.22
	-28.6
	4.25
	4.63
	7.7
	7.3
	0.01
	0.01
	0.01

	
	9
	-25.02
	-29.3
	-29.65
	4.28
	4.63
	7.7
	7.3
	0.01
	0.01
	0.01

	
	12
	-25.6
	-29.91
	-30.28
	4.31
	4.68
	7.6
	7.3
	0.01
	0.01
	0.01

	VA120, Full
	3
	-18.92
	-20.29
	-20.27
	1.37
	1.35
	8.7
	8.3
	0.01
	0.01
	0.01

	
	6
	-20.35
	-21.73
	-21.71
	1.38
	1.36
	8.7
	8.3
	0.01
	0.01
	0.01

	
	9
	-21.25
	-22.65
	-22.64
	1.4
	1.39
	8.6
	8.2
	0.01
	0.01
	0.01

	
	12
	-21.79
	-23.2
	-23.19
	1.41
	1.4
	8.6
	8.2
	0.01
	0.01
	0.01

	VA120, Null
	3
	-24.83
	-31.53
	-32.45
	6.7
	7.62
	6.5
	6.3
	0.01
	0.01
	0.01

	
	6
	-26.22
	-32.98
	-33.9
	6.76
	7.68
	6.4
	6.3
	0.01
	0.01
	0.01

	
	9
	-27.11
	-33.91
	-34.81
	6.8
	7.7
	6.4
	6.2
	0.01
	0.01
	0.01

	
	12
	-27.64
	-34.46
	-35.35
	6.82
	7.71
	6.3
	6.2
	0.01
	0.01
	0.01

	VA120, SID
	3
	-22.6
	-26.89
	-27.26
	4.29
	4.66
	8
	7.6
	0.01
	0.01
	0.01

	
	6
	-24
	-28.32
	-28.71
	4.32
	4.71
	7.9
	7.6
	0.01
	0.01
	0.01

	
	9
	-24.94
	-29.26
	-29.66
	4.32
	4.72
	7.8
	7.6
	0.01
	0.01
	0.01

	
	12
	-25.46
	-29.84
	-30.22
	4.38
	4.76
	7.8
	7.5
	0.01
	0.01
	0.01


Table A2: Link Performance comparison of DL AMR 5.9kbps voice over R99 vs. over enhanced DCH, for each packet type. Active set size=1 (no SHO)
	Channel Type, Packet type
	Geometry (dB)
	Average DPCH TxEc/Ior (dB)
	Link gain (dB) from enhanced DCH
	Average FET decoding time (slots)
	BLER at end of packet

	
	
	R99
	DCH Enhancements-1500Hz
	DCH Enhancements-750Hz
	1500Hz
	750Hz
	1500Hz
	750Hz
	R99
	Enhanced DCH-1500Hz
	Enhanced DCH-750Hz

	PA3, Full
	3
	-18.62
	-19.35
	-18.58
	0.73
	-0.04
	7.7
	7.4
	0.012
	0.011
	0.011

	
	6
	-21.43
	-22.5
	-21.46
	1.07
	0.03
	8.1
	7.5
	0.01
	0.01
	0.01

	
	9
	-23.77
	-24.94
	-23.97
	1.17
	0.2
	8.2
	7.6
	0.01
	0.01
	0.01

	
	12
	-25.79
	-27.01
	-26.04
	1.22
	0.25
	8.3
	7.6
	0.01
	0.01
	0.01

	PA3, Null
	3
	-24.52
	-28.56
	-28.53
	4.04
	4.01
	6.1
	5.7
	0.01
	0.01
	0.01

	
	6
	-27.01
	-31.3
	-31.27
	4.29
	4.26
	6.3
	5.8
	0.01
	0.01
	0.01

	
	9
	-29.33
	-33.81
	-33.79
	4.48
	4.46
	6.3
	5.8
	0.01
	0.01
	0.01

	
	12
	-31.34
	-35.89
	-35.93
	4.55
	4.59
	6.4
	5.9
	0.01
	0.01
	0.01

	PA3, SID
	3
	-21.18
	-23.42
	-22.9
	2.24
	1.72
	7.1
	6.7
	0.012
	0.01
	0.011

	
	6
	-23.9
	-26.38
	-25.69
	2.48
	1.79
	7.5
	6.8
	0.01
	0.01
	0.01

	
	9
	-26.22
	-28.86
	-28.18
	2.64
	1.96
	7.6
	6.9
	0.01
	0.01
	0.01

	
	12
	-28.23
	-30.96
	-30.34
	2.73
	2.11
	7.6
	6.9
	0.01
	0.01
	0.01

	PB3, Full
	3
	-20.42
	-22.18
	-22.04
	1.76
	1.62
	9
	8.6
	0.01
	0.01
	0.01

	
	6
	-21.92
	-23.69
	-23.57
	1.77
	1.65
	9.1
	8.7
	0.01
	0.01
	0.01

	
	9
	-22.92
	-24.65
	-24.53
	1.73
	1.61
	9
	8.7
	0.01
	0.01
	0.01

	
	12
	-23.49
	-25.21
	-25.08
	1.72
	1.59
	9
	8.7
	0.01
	0.01
	0.01

	PB3, Null
	3
	-26.02
	-30.98
	-31.5
	4.96
	5.48
	6.8
	6.5
	0.01
	0.01
	0.01

	
	6
	-27.48
	-32.49
	-33.09
	5.01
	5.61
	6.8
	6.6
	0.01
	0.01
	0.01

	
	9
	-28.45
	-33.42
	-34.04
	4.97
	5.59
	6.8
	6.6
	0.01
	0.01
	0.01

	
	12
	-29.05
	-34.03
	-34.64
	4.98
	5.59
	6.8
	6.6
	0.01
	0.01
	0.01

	PB3, SID
	3
	-22.89
	-26.03
	-26.11
	3.14
	3.22
	8.4
	8
	0.01
	0.01
	0.01

	
	6
	-24.38
	-27.56
	-27.69
	3.18
	3.31
	8.4
	8.1
	0.01
	0.01
	0.01

	
	9
	-25.38
	-28.52
	-28.67
	3.14
	3.29
	8.4
	8.1
	0.01
	0.01
	0.01

	
	12
	-25.97
	-29.12
	-29.25
	3.15
	3.28
	8.4
	8
	0.01
	0.01
	0.01

	VA30, Full
	3
	-20.54
	-22.18
	-22.19
	1.64
	1.65
	9
	8.7
	0.01
	0.01
	0.01

	
	6
	-22.16
	-23.82
	-23.78
	1.66
	1.62
	9
	8.6
	0.01
	0.01
	0.01

	
	9
	-23.19
	-24.88
	-24.86
	1.69
	1.67
	9
	8.6
	0.01
	0.01
	0.01

	
	12
	-23.82
	-25.51
	-25.52
	1.69
	1.7
	8.9
	8.7
	0.01
	0.01
	0.01

	VA30, Null
	3
	-26.27
	-31.15
	-31.87
	4.88
	5.6
	6.8
	6.7
	0.01
	0.01
	0.01

	
	6
	-27.9
	-32.77
	-33.51
	4.87
	5.61
	6.8
	6.6
	0.01
	0.01
	0.01

	
	9
	-28.9
	-33.87
	-34.58
	4.97
	5.68
	6.8
	6.6
	0.01
	0.01
	0.01

	
	12
	-29.57
	-34.53
	-35.25
	4.96
	5.68
	6.8
	6.6
	0.01
	0.01
	0.01

	VA30, SID
	3
	-23.03
	-26.09
	-26.32
	3.06
	3.29
	8.4
	8
	0.01
	0.01
	0.01

	
	6
	-24.66
	-27.74
	-27.99
	3.08
	3.33
	8.4
	8.1
	0.01
	0.01
	0.01

	
	9
	-25.7
	-28.83
	-29.07
	3.13
	3.37
	8.3
	8
	0.01
	0.01
	0.01

	
	12
	-26.33
	-29.5
	-29.73
	3.17
	3.4
	8.3
	8
	0.01
	0.01
	0.01

	VA120, Full
	3
	-20.66
	-22.42
	-22.44
	1.76
	1.78
	9.3
	9
	0.01
	0.01
	0.01

	
	6
	-22.14
	-23.89
	-23.91
	1.75
	1.77
	9.2
	8.9
	0.01
	0.01
	0.01

	
	9
	-23.09
	-24.84
	-24.86
	1.75
	1.77
	9.2
	8.9
	0.01
	0.01
	0.01

	
	12
	-23.65
	-25.4
	-25.41
	1.75
	1.76
	9.1
	8.8
	0.01
	0.01
	0.01

	VA120, Null
	3
	-26.4
	-31.4
	-32.12
	5
	5.72
	7
	6.8
	0.01
	0.01
	0.01

	
	6
	-27.86
	-32.9
	-33.59
	5.04
	5.73
	6.9
	6.8
	0.01
	0.01
	0.01

	
	9
	-28.79
	-33.84
	-34.56
	5.05
	5.77
	6.8
	6.7
	0.01
	0.01
	0.01

	
	12
	-29.38
	-34.45
	-35.16
	5.07
	5.78
	6.8
	6.7
	0.01
	0.01
	0.01

	VA120, SID
	3
	-23.16
	-26.34
	-26.59
	3.18
	3.43
	8.7
	8.4
	0.01
	0.01
	0.01

	
	6
	-24.63
	-27.84
	-28.09
	3.21
	3.46
	8.6
	8.3
	0.01
	0.01
	0.01

	
	9
	-25.44
	-28.82
	-29.09
	3.38
	3.65
	8.5
	8.3
	0.011
	0.01
	0.01

	
	12
	-26.16
	-29.4
	-29.65
	3.24
	3.49
	8.5
	8.2
	0.01
	0.01
	0.01


Table A3: Link Performance comparison of DL AMR 12.2kbps voice over R99 vs. over enhanced DCH, for each packet type. SHO, Active set size=2
	
	
	Average DPCH TxEc/Ior (dB)
	Link gain (dB) from enhanced DCH
	Average FET decoding time (slots)
	BLER at end of packet

	Channel Type, Packet type
	Geometry Ior1/No (dB)
	R99
	DCH Enhancements 1500Hz
	DCH Enhancements 750Hz
	1500Hz
	750Hz
	1500Hz
	750Hz
	R99
	DCH Enhancements 1500Hz
	DCH Enhancements 750Hz

	PA3, Full
	-3
	-15.92
	-17.21
	-16.9
	1.29
	0.98
	7.8
	7.1
	0.011
	0.01
	0.01

	
	0
	-18.35
	-19.73
	-19.43
	1.38
	1.08
	8.3
	7.5
	0.01
	0.01
	0.01

	
	3
	-20.15
	-21.61
	-21.35
	1.46
	1.2
	8.4
	7.7
	0.01
	0.01
	0.01

	PA3, Null
	-3
	-22
	-28.42
	-29.08
	6.42
	7.08
	6.1
	5.7
	0.01
	0.01
	0.01

	
	0
	-24.27
	-30.86
	-31.54
	6.59
	7.27
	6.2
	5.8
	0.01
	0.01
	0.01

	
	3
	-26.2
	-32.8
	-33.55
	6.6
	7.35
	6.2
	5.9
	0.01
	0.01
	0.01

	PA3, SID
	-3
	-19.67
	-23.83
	-23.91
	4.16
	4.24
	7.3
	6.7
	0.011
	0.01
	0.01

	
	0
	-21.96
	-26.25
	-26.4
	4.29
	4.44
	7.5
	6.9
	0.01
	0.01
	0.01

	
	3
	-23.86
	-28.17
	-28.35
	4.31
	4.49
	7.6
	7
	0.01
	0.01
	0.01

	PB3, Full
	-3
	-16.32
	-17.77
	-17.72
	1.45
	1.4
	8.7
	8.2
	0.01
	0.01
	0.01

	
	0
	-18.12
	-19.62
	-19.58
	1.5
	1.46
	8.7
	8.3
	0.01
	0.01
	0.01

	
	3
	-19.31
	-20.83
	-20.81
	1.52
	1.5
	8.7
	8.3
	0.01
	0.01
	0.01

	PB3, Null
	-3
	-22.13
	-28.91
	-29.78
	6.78
	7.65
	6.4
	6.2
	0.01
	0.01
	0.01

	
	0
	-23.96
	-30.78
	-31.67
	6.82
	7.71
	6.4
	6.2
	0.01
	0.01
	0.01

	
	3
	-25.18
	-32.02
	-32.88
	6.84
	7.7
	6.4
	6.2
	0.01
	0.01
	0.01

	PB3, SID
	-3
	-19.92
	-24.3
	-24.62
	4.38
	4.7
	7.9
	7.5
	0.01
	0.01
	0.01

	
	0
	-21.75
	-26.17
	-26.52
	4.42
	4.77
	7.9
	7.5
	0.01
	0.01
	0.01

	
	3
	-22.95
	-27.4
	-27.75
	4.45
	4.8
	7.9
	7.6
	0.01
	0.01
	0.01

	VA30, Full
	-3
	-16.48
	-17.86
	-17.85
	1.38
	1.37
	8.6
	8.1
	0.01
	0.01
	0.01

	
	0
	-18.3
	-19.75
	-19.73
	1.45
	1.43
	8.6
	8.2
	0.01
	0.01
	0.01

	
	3
	-19.61
	-21.02
	-20.99
	1.41
	1.38
	8.6
	8.2
	0.01
	0.01
	0.01

	VA30, Null
	-3
	-22.43
	-29.06
	-29.98
	6.63
	7.55
	6.4
	6.2
	0.01
	0.01
	0.01

	
	0
	-24.27
	-30.96
	-31.88
	6.69
	7.61
	6.4
	6.2
	0.01
	0.01
	0.01

	
	3
	-25.52
	-32.25
	-33.17
	6.73
	7.65
	6.4
	6.2
	0.01
	0.01
	0.01

	VA30, SID
	-3
	-20.12
	-24.4
	-24.78
	4.28
	4.66
	7.8
	7.4
	0.01
	0.01
	0.01

	
	0
	-22.03
	-26.31
	-26.7
	4.28
	4.67
	7.8
	7.5
	0.01
	0.01
	0.01

	
	3
	-23.29
	-27.6
	-27.97
	4.31
	4.68
	7.8
	7.5
	0.01
	0.01
	0.01

	VA120, Full
	-3
	-16.51
	-17.92
	-17.91
	1.41
	1.4
	8.8
	8.4
	0.01
	0.01
	0.01

	
	0
	-18.31
	-19.69
	-19.7
	1.38
	1.39
	8.7
	8.4
	0.01
	0.01
	0.01

	
	3
	-19.45
	-20.9
	-20.89
	1.45
	1.44
	8.7
	8.3
	0.01
	0.01
	0.01

	VA120, Null
	-3
	-22.49
	-29.14
	-30.05
	6.65
	7.56
	6.5
	6.3
	0.01
	0.01
	0.01

	
	0
	-24.24
	-30.95
	-31.85
	6.71
	7.61
	6.4
	6.3
	0.01
	0.01
	0.01

	
	3
	-25.45
	-32.14
	-33.09
	6.69
	7.64
	6.4
	6.2
	0.01
	0.01
	0.01

	VA120, SID
	-3
	-20.21
	-24.47
	-24.88
	4.26
	4.67
	8
	7.7
	0.01
	0.01
	0.01

	
	0
	-21.95
	-26.28
	-26.69
	4.33
	4.74
	7.9
	7.7
	0.01
	0.01
	0.01

	
	3
	-23.14
	-27.5
	-27.87
	4.36
	4.73
	7.9
	7.6
	0.01
	0.01
	0.01


Table A4: Link Performance comparison of DL AMR 5.9kbps voice over R99 vs. over enhanced DCH, for each packet type. SHO, Active set size=2
	
	
	Average DPCH TxEc/Ior (dB)
	Link gain (dB) from enhanced DCH
	Average FET decoding time (slots)
	BLER at end of packet

	Channel Type, Packet type
	Geometry Ior1/No (dB)
	R99
	DCH Enhancements 1500Hz
	DCH Enhancements 750Hz
	1500Hz
	750Hz
	1500Hz
	750Hz
	R99
	DCH Enhancements 1500Hz
	DCH Enhancements 750Hz

	PA3, Full
	-3
	-17.79
	-19.41
	-19.05
	1.62
	1.26
	8.7
	8.1
	0.01
	0.01
	0.01

	
	0
	-20.25
	-21.85
	-21.57
	1.6
	1.32
	8.9
	8.3
	0.01
	0.01
	0.01

	
	3
	-22.13
	-23.81
	-23.5
	1.68
	1.37
	8.9
	8.4
	0.01
	0.01
	0.01

	PA3, Null
	-3
	-23.49
	-28.15
	-28.59
	4.66
	5.1
	6.6
	6.3
	0.01
	0.01
	0.01

	
	0
	-25.72
	-30.58
	-31.04
	4.86
	5.32
	6.7
	6.4
	0.01
	0.01
	0.01

	
	3
	-27.66
	-32.48
	-33
	4.82
	5.34
	6.7
	6.4
	0.01
	0.01
	0.01

	PA3, SID
	-3
	-20.29
	-23.22
	-23.1
	2.93
	2.81
	8.1
	7.5
	0.011
	0.01
	0.01

	
	0
	-22.74
	-25.68
	-25.62
	2.94
	2.88
	8.3
	7.7
	0.01
	0.01
	0.01

	
	3
	-24.61
	-27.56
	-27.55
	2.95
	2.94
	8.3
	7.8
	0.01
	0.01
	0.01

	PB3, Full
	-3
	-18.2
	-19.95
	-19.92
	1.75
	1.72
	9.1
	8.8
	0.01
	0.01
	0.01

	
	0
	-19.99
	-21.8
	-21.79
	1.81
	1.8
	9.1
	8.8
	0.01
	0.01
	0.01

	
	3
	-21.29
	-23
	-23.02
	1.71
	1.73
	9.1
	8.8
	0.01
	0.01
	0.01

	PB3, Null
	-3
	-23.85
	-28.68
	-29.36
	4.83
	5.51
	6.9
	6.7
	0.01
	0.01
	0.01

	
	0
	-25.62
	-30.55
	-31.21
	4.93
	5.59
	6.9
	6.6
	0.01
	0.01
	0.01

	
	3
	-26.68
	-31.78
	-32.47
	5.1
	5.79
	6.8
	6.7
	0.01
	0.01
	0.01

	PB3, SID
	-3
	-20.64
	-23.74
	-23.96
	3.1
	3.32
	8.5
	8.2
	0.01
	0.01
	0.01

	
	0
	-22.44
	-25.62
	-25.83
	3.18
	3.39
	8.5
	8.2
	0.01
	0.01
	0.01

	
	3
	-23.78
	-26.84
	-27.06
	3.06
	3.28
	8.5
	8.2
	0.01
	0.01
	0.01

	VA30, Full
	-3
	-18.37
	-20
	-20.04
	1.63
	1.67
	9.1
	8.8
	0.01
	0.01
	0.01

	
	0
	-20.24
	-21.93
	-21.97
	1.69
	1.73
	9.1
	8.8
	0.01
	0.01
	0.01

	
	3
	-21.55
	-23.21
	-23.25
	1.66
	1.7
	9.1
	8.8
	0.01
	0.01
	0.01

	VA30, Null
	-3
	-23.86
	-28.79
	-29.56
	4.93
	5.7
	6.8
	6.7
	0.01
	0.01
	0.01

	
	0
	-25.73
	-30.73
	-31.44
	5
	5.71
	6.9
	6.7
	0.009
	0.01
	0.01

	
	3
	-27.06
	-32
	-32.71
	4.94
	5.65
	6.8
	6.7
	0.01
	0.01
	0.01

	VA30, SID
	-3
	-20.7
	-23.83
	-24.13
	3.13
	3.43
	8.5
	8.2
	0.01
	0.01
	0.01

	
	0
	-22.68
	-25.76
	-26.04
	3.08
	3.36
	8.5
	8.2
	0.01
	0.01
	0.01

	
	3
	-23.87
	-27.05
	-27.32
	3.18
	3.45
	8.4
	8.2
	0.01
	0.01
	0.01

	VA120, Full
	-3
	-18.31
	-20.05
	-20.12
	1.74
	1.81
	9.3
	9
	0.01
	0.01
	0.01

	
	0
	-20.06
	-21.88
	-21.94
	1.82
	1.88
	9.2
	9
	0.01
	0.01
	0.01

	
	3
	-21.28
	-23.1
	-23.15
	1.82
	1.87
	9.2
	8.9
	0.01
	0.01
	0.01

	VA120, Null
	-3
	-23.96
	-28.87
	-29.63
	4.91
	5.67
	7
	6.8
	0.01
	0.01
	0.01

	
	0
	-25.82
	-30.66
	-31.43
	4.84
	5.61
	6.9
	6.8
	0.01
	0.01
	0.01

	
	3
	-26.87
	-31.88
	-32.59
	5.01
	5.72
	6.9
	6.7
	0.01
	0.01
	0.01

	VA120, SID
	-3
	-20.74
	-23.88
	-24.18
	3.14
	3.44
	8.6
	8.4
	0.01
	0.01
	0.01

	
	0
	-22.58
	-25.72
	-26
	3.14
	3.42
	8.6
	8.4
	0.01
	0.01
	0.01

	
	3
	-23.85
	-26.94
	-27.2
	3.09
	3.35
	8.5
	8.3
	0.01
	0.01
	0.01
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