
3GPP TSG RAN WG1 Teleconference
R1-071971
23-24 April, 2007
Agenda Item:
VoIP
Source: 
Samsung
Title: 
E-UTRA Performance Verification: VoIP
Document for:
Discussion/Decision 

1 Introduction
In this contribution, we show system level simulation results to evaluate DL/UL VoIP Capacity for E-UTRA compared with WCDMA Rel’6 (HSDPA/HSUPA). 
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 Traffic model

AMR codec with full rate (12.2Kbps) is used for VoIP packet. 320bits are assumed for 1 VoIP packet including RTP/UDP/IP header and other overhead. SID is not considered in the evaluations. The simplified speech source model (2-state Markov model) with an average voice activity of 0.5 is applied.
2.2 Scheduling of DL VoIP Users
Taking into account the decision of RAN2 #57bis, persistent scheduling with asynchronous adaptive retransmission is considered for the DL VoIP service.
1. Persistently resource allocation for initial transmission.

2. Dynamic scheduling is performed for the retransmissions with asynchronous adaptive HARQ.

3. 2 RBs are allocated per UE and a fixed MCS level (QPSK, 0.62) is used.

4. If a UE changes its state from talk-spurt to silent period, scheduler releases the resource that was persistently allocated for the initial transmission of the UE.
2.3 Scheduling of UL VoIP Users
Taking into account the amount of uplink control signaling overhead, persistent scheduling without frequency-hopping (FH) to transmit VoIP service is considered in this section. 
1. Persistently resource allocation with pre-defined pattern. 
2. 2 RBs are allocated per UE and a fixed MCS level (QPSK, 0.55) is used.

3. If a UE changes its state from talk-spurt to silent period, scheduler releases its resource that was persistently allocated for VoIP transmissions of the UE.

2.4 Performance 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 (50ms), 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 (50ms), 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. 
Note: For UL VoIP, we need to limit the interference level in the uplink considering the impact on the transmission of uplink control channel. Thus, we present the average RoT for WCDMA E-DCH and the average IoT for E-UTRA.
3 Simulation Results

3.1 DL VoIP

In this section, DL VoIP capacity results are summarized. In tables 1 and 2, number of VoIP UEs for WCDMA Rel’6 and E-UTRA are summarised. 

	
	ISD500
	ISD1732

	# of VoIP UEs
	135
	120


Table1: DL VoIP capacity in WCDMA Rel’6 (HSDPA)
	
	ISD500
	ISD1732

	# of VoIP UEs 
	270
	230

	Relative gain (x WCDMA Rel’6)
	2.00x
	1.92x


Table2: DL VoIP capacity in E-UTRA
3.2 UL VoIP
In this section, UL VoIP capacity results are summarized. In tables 3 and 4, number of VoIP UEs for WCDMA Rel’6 and E-UTRA are summarised accompanied with RoT and IoT value. 

	
	ISD500
	ISD1732

	# of VoIP UEs
	77
	73

	Avg. RoT[dB]
	5.73
	5.34


Table3: UL VoIP capacity in WCDMA Rel’6 (HSUPA)
	
	ISD500
	ISD1732

	# of VoIP UEs 
	220
	210

	Avg. IoT [dB]
	7.31
	4.76

	Relative gain (x WCDMA Rel’6)
	2.86x 
	2.9x


Table4: UL VoIP capacity in E-UTRA
4 Conclusion

In this contribution, we evaluated DL/UL VoIP Capacity for E-UTRA compared with WCDMA Rel’6. The results in section 3 indicate E-UTRA baseline system has about 2-3 times better VoIP capacity compared to WCDMA Rel’6. 
5 Reference
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Annex A. DL VoIP
A.1. 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

	2
	2.0
	1732
	5
	20
	3


Table A2: System simulation parameters
	Parameter
	Assumption

	
	HSDPA
	LTE

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

	Inter-site distance
	500 m, 1732m

	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 DCH code
per UE, 

- HS-SCCH codes 
	First 3 OFDM symbols,
Reference signals

	Pilot / other overhead channel power
	- Common channel power:
 20% of total power

- Associated DCH power
 per UE: 0.3% of total
 power 

- HS-SCCH power: 9dB
 offset via associated 
 DCH
	No Power boosting for pilot

	Modulation scheme and Channel coding rate
	TS25.312
	QPSK, 0.62

	Scheduling algorithm
	Proportional fairness with delay multiplier
	Persistent scheduling with asynchronous adaptive retransmission (Working assumption in RAN2)

	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)
	Asynchronous HARQ

	Number of receiver antennas
	2

	Traffic model
	VoIP (12.2Kbps Full rate AMR with a VAF of 0.5, 
SID is not assumed to be transmitted)

	Frequency re-use
	1

	Channel model
	Typical Urban

	UE speed
	3 km/h

	CQI feedback scheme
	SNR per all resource blocks

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

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


A.2 Simulation Results (curves)
Figure1. Performance of VoIP in HSDPA
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a).  Percentage of UEs with BLER < 2% depending on the delay bound (ISD500)
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b). Percentage of UEs with BLER < 2% depending on the delay bound (ISD1732)

Figure2. Performance of VoIP in LTE DL
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a).  Percentage of UEs with BLER < 2% depending on the delay bound (ISD500)
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b). Percentage of UEs with BLER < 2% depending on the delay bound (ISD1732)

Annex B. UL VoIP
B.1. 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

	2
	2.0
	1732
	5
	20
	3


Table A2: System simulation parameters
	Parameter
	Assumption

	
	WCDMA E-DCH
	E-UTRA

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

	Inter-site distance
	500 m / 1732 m 

	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

	UE transmission power
	24 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

	Thermal noise density
	-174 dBm/Hz

	Power Control
	Pilot based, 1.5kHz
	Sounding RS-based, 50Hz

	Overhead channel (pilot and other control channels)
	DPCCH and E-DPCCH
	2 long blocks for DM RS and 4RBs for control channel 

	Modulation scheme and Channel coding rate
	BPSK, 1/3
	QPSK, 0.55

	Scheduling algorithm
	Proportional Fair with delay value
	Persistent scheduling

	Effective SIR mapping function
	Short-term link mapping
	Effective SIR method

	Packet combining method in hybrid ARQ
	Synchronous HARQ with a chase-combining

	Maximum number of retransmission
	4 

	HARQ retransmission process number [TTI]
	11 or 12 

	Number of receiver antennas
	2

	Traffic model
	VoIP (12.2Kbps Full rate AMR with a VAF of 0.5, 
SID is not assumed to be transmitted)

	Frequency re-use
	1

	Channel model
	Typical Urban

	UE speed
	3 km/h

	TTI
	2 ms
	1 ms


B.2. Simulation Results (curves)
Figure3. Performance of VoIP in HSUPA
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a).  Percentage of UEs with BLER < 2% depending on the delay bound (ISD500)
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b).  CDF of RoT (ISD500)
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c). Percentage of UEs with BLER < 2% depending on the delay bound (ISD1732)
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d).  CDF of RoT (ISD1732)

Figure4. Performance of VoIP in E-UTRA
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a).  Percentage of UEs with BLER < 2% depending on the delay bound (ISD500)
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b).  CDF of IoT (ISD500)
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c). Percentage of UEs with BLER < 2% depending on the delay bound (ISD1732)
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d).  CDF of IoT (ISD1732)
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