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1. Introduction

In this contribution, VoIP performance results of LTE Rel-8 for ITU scenarios and using IMT-A evaluation methodology are presented.  The results show that IMT-A VoIP requirements can be met using LTE Rel-8 functionality with dynamic scheduling at 5% outage.  At 2% outage, requirements for all scenarios except UMa are met.  In this case, semi-persistent scheduling is needed to meet UMa requirement at 2% outage as shown in [2].  
2. Simulation Assumptions
VoIP assumptions are shown in Table 1, while simulation assumptions for uplink and downlink are shown in Table 6 and Table 7, respectively.
Table 1.  VoIP Assumptions.
	VoIP Codec
	AMR 12.2 

	Packet size
	VoIP – 41 bytes including overhead

SID – 15 bytes including overhead

	One-way delay budget
	50 ms

	Outage criteria
	User is in outage if 2% or more of the packets are lost or discarded

	VoIP capacity definition
	Number of supported users at 2% and 5% outage


Dynamic proportional-fair based scheduling is used.  Scheduling limitation due to PDCCH is modeled with 3 OFDM symbols reserved for downlink control overhead.  The VoIP capacity is determined by the number of users that can be supported at 2% or 5% outage.
3. Simulation Results
VoIP capacity for FDD is shown in Table 2 at 5% outage with dynamic scheduling and taking into account PDCCH limitation.  The results are based on a 5 MHz system bandwidth and normalized to show the number of supported VoIP capacity per MHz.  VoIP capacity for TDD Configuration 1 is shown in Table 3.  Note that TDD results have also been scaled by the corresponding UL/DL ratio.  Results for 2% outage are shown in Table 4 - Table 5.  Uplink IoT numbers are shown in Table 8.
Table 2.  VoIP capacity with dynamic scheduling for FDD (5% outage).

	Case
	IMT-A Requirements
(VoIP users/MHz)
	VoIP Capacity 
	IMT-A Requirements Met?

	
	
	Downlink
(4x2)
	Uplink
(1x4)
	

	InH
	50
	114
	62
	Yes

	UMi
	40
	78
	51
	Yes

	UMa
	40
	47
	49
	Yes

	RMa
	30
	56
	47
	Yes


Table 3.  VoIP capacity with dynamic scheduling for TDD (Configuration 1, 5% outage).

	Case
	IMT-A Requirements
(VoIP users/MHz)
	VoIP Capacity 
	IMT-A Requirements Met?

	
	
	Downlink

(4x2)
	Uplink

(1x4)
	

	InH
	50
	116
	63
	Yes

	UMi
	40
	73
	52
	Yes

	UMa
	40
	44
	40
	Yes

	RMa
	30
	54
	40
	Yes


Table 4.  VoIP capacity with dynamic scheduling for FDD (2% outage).

	Case
	IMT-A Requirements
(VoIP users/MHz)
	VoIP Capacity 
	IMT-A Requirements Met?

	
	
	Downlink

(4x2)
	Uplink

(1x4)
	

	InH
	50
	112
	60
	Yes

	UMi
	40
	74
	50
	Yes

	UMa
	40
	44
	42
	Yes

	RMa
	30
	54
	36
	Yes


Table 5.  VoIP capacity with dynamic scheduling for TDD (Configuration 1, 2% outage).

	Case
	IMT-A Requirements
(VoIP users/MHz)
	VoIP Capacity 
	IMT-A Requirements Met?

	
	
	Downlink

(4x2)
	Uplink

(1x4)
	

	InH
	50
	114
	58
	Yes

	UMi
	40
	72
	45
	Yes

	UMa
	40
	43
	32
	No

	RMa
	30
	52
	30
	Yes


From the results, it is seen that IMT-A VoIP requirements can be met using LTE Rel-8 functionality with dynamic scheduling at 5% outage.  At 2% outage, requirements for all scenarios except UMa are met.  In this case, semi-persistent scheduling is needed to meet UMa requirement.  FDD and TDD VoIP results can be significantly increased with SPS scheduling as shown in [2] and the UMa requirements are also met.
4. Conclusion
This contribution presents VoIP results for ITU scenarios.  The results show that IMT-A VoIP requirements can be met using LTE Rel-8 functionality with dynamic scheduling at 5% outage.  At 2% outage, requirements for all scenarios except UMa are met.  In this case, semi-persistent scheduling is needed to meet UMa requirement [2].
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Table 6.  Uplink simulation assumptions.
	System bandwidth
	5 MHz

	Number of PUCCH RBs
	4

	Antenna configuration
	1Tx-4Rx, linear array with 10 separation

	Channel estimation
	Non-ideal

	Receiver algorithm
	MMSE

	Scheduling algorithm
	Frequency non-selective scheduling

	HARQ
	IR

	PDCCH modeling
	Realistic – 3 OFDM symbols assumed for DL control overhead with 9 CCEs reserved for UL scheduling grants

	Scheduling fairness
	Proportional fair

	Link Adaptation
	Realistic

	Power control
	Fractional power control with X-2 based adaptation, =0.6

	Inter-cell Interference 
	Explicitly modeled

	Duplex mode
	FDD and TDD configuration 1


Table 7.  Downlink simulation assumptions.
	Antenna configuration
	4 Tx-2Rx, SU-MIMO closed loop rank-1

	Scheduler
	Dynamic Frequency selective scheduling

	HARQ
	IR

	PDCCH modeling
	Control channel limitations, 3 OFDM symbols assumed

	Channel estimation
	Non-ideal

	Scheduling fairness
	Proportional fair

	Inter-cell Interference
	Explicitly modeled

	Duplex mode
	FDD and TDD configuration 1
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Figure 1.  Uplink VoIP capacity for FDD (5 MHz).
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Figure 2.  Uplink VoIP capacity for TDD – Configuration 1 (5 MHz).
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Figure 3 Downlink VoIP capacity for FDD (5 MHz)
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Figure 4 Downlink VoIP capacity for TDD – Configuration 2 (5 MHz)

Table 8.  Uplink IoT (5% outage).

	Case
	FDD
	TDD

	InH
	7.12
	6.39

	UMi
	9.72
	9.69

	UMa
	9.92
	9.01

	RMa
	9.43
	8.23


