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1 Introduction
In this contribution, we show system level simulation results to evaluate DL VoIP Capacity for E-UTRA compared with WCDMA Rel’6 HSDPA. 
2 Simulation methodology
In this section, we describe scheduling method and output metric used for simulation. Detail simulation assumptions are described in Annex.
2.1 Scheduling of VoIP UEs

Persistent scheduling is assumed for the DL VoIP transmission. The general scheduling scheme can be summarized like the followings.
1. Resource allocation (Persistent resource assignment)

A. Initially, 32% (Voice activity factor) out of whole UEs are set to be in voice ACTIVE state. Scheduler assigns persistent resources for the UEs. 

B. If a UE changes its state from ACTIVE to INACTIVE, scheduler takes back the resources that have been already assigned to the UE.

C. If a UE changes its state from INACTIVE to ACTIVE, scheduler assigns available resources to the UE.

2. 2 TTIs per 30ms period are assigned to a single UE.
3. One MCS level is used.
A. QPSK and 1/2 code rate is used.

B. One voice packet is transmitted with 2 RBs (24 subcarriers) and 1ms TTI (2 subframes).
4. CQI based power control is performed with 10% initial BLER.
5. Resource can be changed in order to balance the Node B power.

2.2 Output metric
The output metric of VoIP capacity is defined as follows.
1. Perform a simulation with the given number of dropped users per cell.
2. Estimate percentage of UEs with BLER less than 2% with the given delay bound. It means that if the delay of one packet is larger than the delay bound, it is counted as an error.
3. If the delay of 95% of UEs with BLER less than 2% is smaller than the delay bound (100ms), the criterion of the VoIP service is satisfied.

4. The largest number of users which satisfies the criterion on step 3 can be the VoIP capacity of the system. 
3 Simulation Results

In this section, DL VoIP capacity results are summarized. In tables 1 and 2, number of capable VoIP UEs for HSDPA and E-UTRA are summarised. We can observe that E-UTRA achieves 236% gain of VoIP capacity compared to Rel’5 HSDPA and 110% gain compared to Rel’6 HSDPA. Figures 1-3 is showing percentage of UEs with BLER less than 2% depending on the delay bound for each case, which shows all cases satisfy the 100ms delay criterion. 
	# of VoIP UEs
	Note

	125
	Rel’5 (normal DL DPCH)

	200
	Rel’6 (F-DPCH)


Table1. VoIP capacity for HSDPA
	# of VoIP UEs
	Relative gain over HSDPA

	
	Rel’ 5
	Rel’ 6

	420
	236%
	110%


Table2. VoIP capacity for DL E-UTRA
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Figure1. Percentage of UEs with BLER < 2% depending on the delay bound in Rel’5 HSDPA
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Figure2. Percentage of UEs with BLER < 2% depending on the delay bound in Rel’6 HSDPA
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Figure3. Percentage of UEs with BLER < 2% depending on the delay bound in E-UTRA
4 Conclusion

In this contribution, we evaluated DL VoIP Capacity for E-UTRA compared with WCDMA HSDPA using system level simulation. The results in section 3 indicate E-UTRA baseline system has 236% better VoIP capacity compared to Rel’5 HSDPA (110% compared toRel’6 HSDPA).
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Annex. Simulation Assumptions
Table A1.  Simulation test case 
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	5
	20
	3


Table A2: OFDM Parameters
	Parameter
	Assumption

	TTI duration (msec)
	1.0

	FFT size
	512

	OFDM sample rate (Msamples/sec)
	7.68

	CP duration ((sec/ samples)
	(4.69/36) ( 6, (5.21/40) ( 1

	Subcarrier separation (kHz)
	15

	# of OFDM symbols per TTI
	14

	OFDM symbol duration ((sec)
	66.67

	# of useful subcarriers per OFDM symbol
	300

	Transmission bandwidth (MHz)
	4.5

	Bandwidth for Resource Block (KHz)
	180

	Number of resource blocks
	22


Table A3: System simulation parameters
	Parameter
	Assumption

	
	HSDPA
	LTE

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500 m  (Case 1)

	Minimum distance between UE and cell
	35 m

	Distance dependent path loss
	128.1 + 37.6log10(R), R in kilometers

	Antenna pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Total BS Tx power
	43 dBm

	Penetration loss
	20 dB

	Standard deviation of slow fading
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0

	Carrier frequency
	2000 MHz

	BS/UE antenna gain
	14 dB / 0dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Overhead channel (pilot and other control channels)
	- 10 common CH code, 
- 1 associated DPCH code per UE for Rel’5
- 1 associated DPCH code per TTI for Rel’6
-  HS-SCCH codes 
	4 % of subcarriers for reference signal (FDM)
8 % of subcarriers for other overhead (FDM)

	Overhead channel power
	- Common channel power: 20% of total power

- Associated DPCH power  per code channel : 0.3% of total power 

- HS-SCCH power: 9dB  offset over DPCH
	12 % of total power

	Scheduling algorithm
	Proportional fairness with delay factor considered
	Persistent scheduling

	Effective SIR mapping function
	Quasi-static approach with fudge factor 
	Exponential Effective SIR Mapping

	Packet combining method in hybrid ARQ
	Asynchronous HARQ 

(6 channel stop-and-wait)
	Synchronous HARQ

	Number of receiver antennas
	2

	Traffic model
	VoIP

- Full rate AMR (320 bits per packet including header)

- Markov Model with 0,32 voice activity

- SID is not assumed to be transmitted

	Frequency re-use
	1

	Channel model
	Typical Urban

	UE speed
	3 km/h

	CQI feedback period
	10ms (5TTI)
	10ms (10TTI)

	CQI feedback delay
	4ms (2TTI)
	2ms (2 TTI)
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