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1
Introduction

In TSG-RAN#58 a new study item, “DCH Enhancements for UMTS”, was approved [1].In this contribution, we provide a system performance evaluation on downlink DCH Enhancement for UMTS, with Solution 1 and Solution 3 which stands for 10ms and 20ms TTI described in [1].

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

Here we show the performance of HSDPA BE UE performance under mixed CS voice and BE UE scenario. Both Solution 1 and Solution 3 are compared against R99, with throughput gain summarized in Table 1.
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Figure 1: BE UE cell throughput with AMR 12.2 kbps CS voice UE, PA3  
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Figure 2: BE UE cell throughput with AMR 12.2 kbps CS voice UE, VA30

Table 1: BE UE Throughput Gain Summary
	
	PedA 3km/h
	VehA 30km/h

	Voice UE #
	Solution 1
	Solution3
	Solution 1
	Solution3

	8
	0.58%
	4.28%
	3.02%
	4.42%

	16
	2.22%
	9.81%
	7.37%
	9.24%

	24
	5.79%
	21.62%
	13.42%
	17.27%

	32
	20.47%
	50.34%
	25.73%
	30.67%

	40
	71.10%
	144.16%
	45.97%
	50.55%

	48
	Inf
	Inf
	111.61%
	126.86%


2.2
     Average Tx Ec/Ior per cell used by CS voice and BE users 

Voice users Tx Ec/Ior is listed in in Table 2, for R99, DCH Enhancement Solution 1 and Solution 3. 
The averaged Tx Ec/Ior per cell used by HSDPA is decreasing with more voice users, as shown in Table 3. And with more DCH enhancement voice users, the relative gain for the HSDPA Tx Ec/Ior is increasing, due to more available power left to transmit HSDPA data. This explains that DCH enhancement can effectively bring up the HSDPA BE UE throughput, as indicated by Table 1.

Table 2: Voice User Tx Ec/Ior
	
	PA3
	VA30

	Voice UE #
	R99
	Solution 1
	Solution 3
	R99
	Solution 1
	Solution 3

	8
	13.75%
	9.90%
	7.02%
	11.51%
	6.99%
	6.04%

	16
	26.12%
	18.77%
	13.51%
	22.14%
	13.42%
	11.48%

	24
	38.96%
	27.96%
	20.01%
	32.65%
	19.73%
	16.91%

	32
	54.52%
	38.75%
	27.89%
	45.60%
	27.47%
	22.34%

	40
	67.66%
	47.67%
	34.20%
	56.39%
	33.93%
	27.77%

	48
	80.00%
	58.77%
	41.21%
	67.70%
	40.77%
	33.20%


Table 3: BE User Tx Ec/Ior
	
	PA3
	VA30

	Voice UE #
	R99
	Solution 1
	Solution 3
	R99
	Solution 1
	Solution 3

	8
	65.95%
	69.05%
	72.93%
	68.33%
	72.50%
	73.76%

	16
	53.39%
	59.53%
	65.86%
	57.59%
	65.74%
	68.20%

	24
	40.38%
	49.78%
	59.13%
	46.98%
	59.14%
	62.64%

	32
	24.70%
	38.47%
	50.99%
	33.92%
	51.13%
	57.08%

	40
	11.61%
	29.27%
	44.57%
	23.05%
	44.49%
	51.52%

	48
	0.00%
	18.01%
	37.37%
	11.66%
	37.43%
	45.95%


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
	54.90%
	24.93%
	20.18%

	
	16
	55.44%
	24.65%
	19.91%

	
	24
	55.36%
	25.25%
	19.39%

	
	32
	55.95%
	24.93%
	19.13%

	
	40
	55.54%
	25.36%
	19.10%

	
	48
	55.33%
	25.54%
	19.13%


2.4
     Percentage of voice users with BLER > 3%
The outage performance is defined as the percentage of voice users with BLER over 3%. It is observed that for both R99 and DCH Enhancement, the outage is limited, except that for R99 with 48 voice UEs where voice power reaches the upper bound of available Ec/Ior. For VA30, the outage was not detectable.

Table 5: Outage User Percentage
	
	PA3
	VA30

	Voice UE #
	R99
	Solution 1
	Solution 3
	R99
	Solution 1
	Solution 3 

	8
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	16
	0.00%
	0.11%
	1.10%
	0.00%
	0.00%
	0.00%

	24
	0.07%
	0.07%
	0.73%
	0.00%
	0.00%
	0.00%

	32
	0.11%
	0.11%
	0.77%
	0.00%
	0.00%
	0.00%

	40
	0.13%
	0.31%
	1.23%
	0.00%
	0.00%
	0.00%

	48
	97.88%
	1.43%
	0.80%
	0.00%
	0.00%
	0.00%


3
Conclusions

In this contribution, system level simulation performance results and comparison for downlink DCH enhancement with AMR 12.2 kbps voice codecs are provided.  Simulation results show significant gain over legacy R99 voice for the required Tx Ec/Ior used by voice users, which further improves BE UE throughput when data and voice UEs coexist. Also the outage performance is close when comparing legacy R99 voice and DCH enhancement.
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Table 6: Downlink System Simulation Assumptions for R99 CS Voice

	Parameters
	Comments

	Traffic 
	RAB: AMR 12.2 kbps; SRB: not transmitted

	TBS on DTCH
	Null: 0, SID: 39; Full-AMR 12.2 kbps: (81,103,60) for DTCH-A,B,C; 

	RM attributes
	AMR 12.2 kbps: 180,175,234,180 for DTCH-A,B,C, DCCH.

Using fixed position rate matching in both cases.

	DL DPCH Slot format
	Slot format 8 

	Encoder
	1/3, 1/3, 1/2 rate convolutional code for Class A,B,C (Class-C only for AMR 12.2 kbps codec)

	CRC
	12-bit CRC on ClassA

	OLPC
	1% target BLER
+0.5dB when packet decoding error

	ILPC
	1500Hz

1 slot delay

+1dB/-1dB step size

4% error rate

	DL DPCH TxEc/Ior limits
	Maximum = -10dB, minimum = -40dB.


AMR is modeled based on a two stage Markov model with two Active and Inactive states, where in the Active state, only Full packets are generated, and in the Inactive state, SID and NULL packets are generated with SID packet being sent after every 7 NULL packets. The transition probability between the two Active and Inactive states is 0.01 for each. The AMR Markov model described above is used for both uplink and downlink.

Table 7: Downlink System Simulation Assumptions for DCH Enhanced CS Voice

	Parameters
	Comments

	Traffic 
	RAB: AMR 12.2 kbps; SRB: not transmitted

	TBS on DTCH
	Solution 1: Full:245 ; SID: 40; Null: 1 (includes DCCH indicator bit)

Solution 3: Full:244 ; SID: 39, Null: 0

	RM attributes
	205 for DTCH, 180 for DCCH

Solution 1: Using fixed position rate matching

Solution 3: pseudo flexible position rate matching [1]

	Slot format
	Solution 1: 21 and 22 (Table 1 in [1])

Solution 3: 26 (Table 5.4.1.1 in [1])

	Encoder
	1/3 rate convolutional code

	CRC
	16 bits

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

	Early Decoding ACK Feedback
	2 slots delay from the decoding attempts to DTX the DPDCH at NodeB transmitter

0% miss detection and false alarm probability

	Early Termination 
	NodeB terminates DPDCH and DPCCH transmission after receiving ACK 

	OLPC
	1% target BLER

+0.5dB when packet decoding error at the end of the packet

	ILPC
	1500Hz

1 slot delay

+1dB/-1dB step size

4% error rate

1 warm-up slot before the next TTI transmission

	DL DPCH TxEc/Ior limits
	Solution1: Maximum = -6.24dB; Minimum = -40dB

Solution 3: Maximum = -10dB; Minimum = -40dB


Table 8: DL System Simulation Assumptions for mix of CS voice on DCH and BE data on HSDPA

	Parameters
	Comments

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

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

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

	Penetration loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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	Number of UEs/cell
	BE: 4

Voice: 0, 8, 16, 24, 32 ,40, 48

UEs dropped uniformly across the system

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

	Finger Location
	PA3: [0], VA30: [0 9] (see Table 2 in [2])

	CPICH Ec/Ior
	-10 dB

	Total Overhead power including C-PICH
	20%

	Total Overhead channel OVSF code
	24 out of 512(including CPICH, PICH, AICH, PCCPCH, SCCPCH, AGCH, 3 HS-SCCH for BE UE)

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver 
	Type 3i for BE UE.  

PWC-Rake with 1 receive antenna for Voice UE.

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

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


	HS-DSCH 
	Up to 15 SF-16 codes per carrier for HS-PDSCH

HS-SCCH transmit power being driven by 1% HS-SCCH BLER.

0.5dB fixed margin is applied to CQI for rate control.

	CQI
	9 slot CQI delay

CQI estimation noise is Gaussian with mean of 0 dB and variance of 1dB

CQI Decoding at Node-B is ideal. Feedback cycle every 1 TTI for BE UE.

	Number of H-ARQ processes
	6

	Maximum number of HARQ transmissions
	4

	Maximum active set size
	3

	DL Scheduling
	Proportional Fair.


� EMBED Equation.3 ���





� EMBED Equation.3 ���
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