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1
Introduction

In this contribution, we provide a system performance evaluation on uplink DCH Enhancement for UMTS, which is considered in SI of DCH Enhancement. Related link level results could be found in [1]. System simulation assumptions for R99 as well as DCH Enhancement are listed in appendix.

2
Simulation Results
2.1
     Average cell throughput vs. number of voice users per cell

Figures 1, 2 provide system performance results for HSUPA BE UE throughput, with given number of R99 CS voice UEs or DCH Enhancement CS voice UEs. There is a significant increase in the BE UE throughput with DCH Enhancement voice, as compared with legacy R99 voice. Throughput gain are summarized in Table 1.
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Figure 1: HSUPA cell throughput with AMR12.2K CS voice, PA3  
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Figure 2: HSUPA cell throughput with AMR12.2K CS voice, VA30

Table 1: Throughput Gain Summary – AMR 12.2 kbps voice
	Voice UE Number
	8
	16
	24
	32
	40
	48

	PA3
	8.30%
	20.72%
	38.12%
	61.66%
	100.56%
	182.57%

	VA30
	11.04%
	27.11%
	53.53%
	104.92%
	283.02%
	4420.30%


2.2
     Average Ec/No per cell used by voice and BE UE 

Table 2 is showing the reduction of Ec/No of CS voice users due to DCH Enhancement. 

It is observed that the BE UE Ec/No goes down linear with increasing number of CS voice UE(shown in Table 3), which fills up the RoT. With the reduction of required Ec/No, DCH enhancement can allow more Ec/No used by HSUPA BE UE. The gain on BE UE Ec/No is increasing more with more DCH enhancement voice users available in the system, which was indicated in Table 1. 
Table 2: Voice User Ec/No
	
	PA3
	VA30

	Voice UE #
	R99
	DCH-Enh
	R99
	DCH-Enh

	8
	0.34
	0.19
	0.43
	0.22

	16
	0.68
	0.38
	0.85
	0.43

	24
	1.03
	0.57
	1.29
	0.65

	32
	1.37
	0.76
	1.71
	0.87

	40
	1.72
	0.95
	2.14
	1.09

	48
	2.08
	1.14
	2.65
	1.30


Table 3: BE User Ec/No
	
	PA3
	VA30

	Voice UE #
	R99
	DCH-Enh
	R99
	DCH-Enh

	0
	2.93
	2.93
	2.94
	2.94

	8
	2.60
	2.75
	2.52
	2.73

	16
	2.27
	2.57
	2.10
	2.52

	24
	1.92
	2.38
	1.67
	2.30

	32
	1.59
	2.19
	1.24
	2.09

	40
	1.24
	2.01
	0.80
	1.87

	48
	0.88
	1.82
	0.41
	1.65


2.3
     Percentages of voice users with active set size of 1, 2, 3
Table 4 shows the statistics of the active set sizes for different numbers of voice users.
Table 4: Active set size statistics
	Active Set Size #
	1
	2
	3

	Voice UE #
	8
	51.97%
	25.88%
	22.15%

	
	16
	52.96%
	25.66%
	21.38%

	
	24
	53.58%
	26.02%
	20.39%

	
	32
	53.45%
	27.19%
	19.35%

	
	40
	53.68%
	26.89%
	19.43%

	
	48
	54.31%
	26.17%
	19.52%


2.4
     Percentage of voice users with BLER > 3%
Voice outage is an important metric that have impact on voice call quality and user experience. For all cases (PA3 and VA30 channel, R99 and DCH-Enhancement configuration), no voice users with BLER>3% were observed in the system simulations.
3
Conclusions

In this contribution, system level simulation performance results and comparison for uplink DCH enhancement for AMR 12.2 kbps voice codecs are provided. Simulation results show significant gain for the required Ec/No used by voice users, which further improves the BE UE throughput when data and voice UEs coexist.
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Appendix

Table 5: Uplink System Simulation Assumptions for R99 CS Voice
	Parameters
	Comments

	Traffic Type
	RAB: AMR12.2K

SRB:  not transmitted

	TBS ,Spreading Factor and DPDCH Power Boost
	Packet
	TBS
	Spreading Factor
	DPDCH/DPCCH power ratio(dB)

	
	Full-AMR12.2K
	(81,103,60) for DTCH-A,B,C
	64
	-0.5993

	
	SID-AMR12.2K
	39
	256
	-6.6199

	
	Null-AMR12.2K
	0
	N/A*
	N/A*

	TTI Configuration
	20ms 

	Encoder
	rate  of 1/3, 1/3, 1/2 convolutional code for Class A,B,C

	CRC
	12-bit CRC on Class-A and on SID frames.

	Modulation
	BPSK

	DPCCH slot format
	0 (6 pilots, 2 TPC, 2 TFCI bits per slot)

	TFCI Decoding Error Modelling
	0% error rate

	OLPC
	1% target residual BLER at TTI end

+0.5dB when packet decoding error

	ILPC
	1500Hz ILPC rate

2 slot feedback delay

+1dB/-1dB step size

4% error rate


Table 6: Uplink System Simulation Assumptions for DCH Enhanced CS Voice

	Parameters
	Comments

	Traffic Type
	RAB: AMR 12.2K

SRB:  not transmitted

	TBS ,Spreading Factor and DPDCH Power Boost
	Packet
	TBS
	Spreading Factor
	DPDCH/DPCCH power ratio(dB)

	
	Full- AMR12.2K
	244
	64
	2.694

	
	SID- AMR12.2K
	39
	128
	-5.4600

	
	Null- AMR12.2K
	0
	N/A*
	N/A*

	TTI Configuration
	10ms and repeated twice.

	Modulation
	BPSK

	Encoder
	rate 1/3 convolutional code

	CRC
	16 bits

	DPCCH slot format
	5 (2 TPC, 8 pilot, 0 TFCI bits per slot)

	TFCI Decoding Error Modelling
	0% error rate

Send on slot 0 and slot 1, with 0dB power offset to DPDCH

	Frame Early Decoding Attempts
	Once every 2ms, starting from 2ms till packet ends or successfully decoded

	Early Decoding ACK Feedback
	2slots delay from the successful decoding attempts to DTX the DPDCH at UE

0% miss detection and false alarm probability

	Early Termination Modelling
	UE DTX entire DPCCH and DPDCH upon receiving ack. 

	OLPC
	target 15% residual BLER by 10ms
+0.5dB if the packet is not successfully decoded by 10ms

2 frames delay

	ILPC
	1500Hz ILPC rate

2 slot feedback delay

+1dB/-1dB step size

4% error rate

1 warm-up slots before the next TTI transmission


* Null packet transmission is gated together with DPCCH 

Table 7: UL System Simulation Assumptions for mix of CS voice on DCH and BE data on HSUPA

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 NodeB, 3 sectors per NodeB with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
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                                                                              = 70 degrees,   Am = 20 dB



	Channel Model
	100% PA3 (ITU), 100% VA30 (ITU). 

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	2 (not in SHO), 4 (in SHO)

	
	NACK [dB]
	2 (not in SHO), 4 (in SHO)

	
	CQI [dB]
	2 (not in SHO), 4 (in SHO)

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	4 (BE users on E-DCH)
0, 8, 16, 24, 32, 40, 48 (CS Voice on DCH)

	NodeB Receiver
	PWC Rake (2 antennas per cell)

	Uplink HARQ
	2ms TTI, Max # of transmissions =4, Target BLER=1% after 4th transmission, 8 HARQ processes.

	Maximum active set size
	3

	Inner Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [radio frames]
	2

	UL TPC Error Rate [%] 
	4

	HSUPA Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair

	Target RoT
	6dB


� EMBED Equation.3 ���





� EMBED Equation.3 ���
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