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1
Introduction
In this contribution we present results for FDD UL and DL VoIP capacity and TDD UL VoIP capacity with Semi Persistent Scheduling (SPS) for various ITU deployment scenarios. 
2
Modeling and Assumptions for VoIP Evaluation
The VoIP capacity is presented for the following ITU-R deployment scenarios: RMa, UMa, UMi and InH [1], [2]  as well as for the legacy 3GPP Case 1 scenario (with 20 dB penetration loss and 2 eNB Rx antennas). As per ITU evaluation guidelines, the 12.2 kbps AMR codec (41 byte voice payload, 15 byte SID payload) with 50% VAF is modeled.
Common simulation assumptions for VoIP evaluation are summarized in Table 1. VoIP performance is evaluated using dynamic system level simulations accounting for PDCCH control signaling limitations.
Table 1 General Simulation Assumptions for VoIP Evaluation
	Parameter
	Assumption

	Scenarios
	ITU Scenarios RMA, UMA, UMI, Indoor. 
3GPP Scenario Case1

	Codec Payload
	AMR 12.2 kbps codec (41 bytes full rate frames, SID frames use 15 byte payload). 50% VAF

	Duplex Method and Used bandwidth
	FDD UL and DL 5MHz, TDD UL 5MHz (Configuration 1) 

	Cellular layout 
	Hexagonal grid, 19 - 3 cell sites (with wrap‑around)
Indoor 2 cells as per ITU evaluation guidelines

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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Table 2 - UL FDD related simulation parameters
	Parameter
	Assumption

	UE distribution
	Users dropped uniformly in entire network

	Inter-cell Interference Modelling
	Explicit modelling

	Antenna configuration
	1 Tx × 4 Rx  (1 Tx × 2 Rx for 3GPP Case 1)

	Scheduler 
	Semi Persistent scheduling with same initial transmission RB allocation for all UEs in the cell.  (SPS configuration details in Annex A1). 1RB per UE for all ITU deployment scenarios. 3RBs/UE for 3GPP Case 1.

	DL Control signalling limitations and UL overhead
	Maximum 8 DCI Format 0 PDCCHs allowed per subframe, 4 UL PRBs reserved for PUCCH

	HARQ
	Full chase combining. HARQ RTT 8ms
Maximum 4 retransmissions allowed.

	Number of MCS candidates
	328 byte TBS for 12.2 AMR (as per 36.213 TBS table)

	Channel Estimation
	Non-ideal channel estimation modeled in simulation

	Receiver algorithm
	MRC

	UL Power control
	Alpha=1.0, 
Po= -108dBm for UMa, RMa, UMi. 
Po = -111dBm for InH. 
Minimum UE Tx power set to -30dBm.

	Outage criterion for computing capacity
	Maximum cell loading at which at least 98% of UEs in the cell can transmit 98% of their VoIP packets within <50ms delay bound. Delay bound includes scheduling delay and retransmission delay.


Table 3 DL FDD related simulation parameters
	Parameter
	Assumption

	UE distribution
	Users dropped uniformly in entire network

	Inter-cell Interference Modelling
	Explicit modelling

	Antenna configuration
	1 Tx × 2 Rx 

	Scheduler 
	Semi Persistent scheduling (SPS configuration details in Annex A1). 

	DL Control signalling limitations
	Maximum 4 DCI Format 1A PDCCHs allowed per subframe. n=2 symbols reserved for PDCCH. 1 symbol (300REs) additionally reserved to account for Pilot overhead

	HARQ
	Full chase combining. HARQ RTT 8ms
Maximum 4 retransmissions allowed.

	TBS
	328 byte TBS for 12.2 AMR (as per 36.213 TBS table)

	Channel Estimation
	Non-ideal channel estimation modeled in simulation

	Receiver algorithm
	MRC

	Outage criterion for computing capacity
	Maximum cell loading at which at least 98% of UEs in the cell can transmit 98% of their VoIP packets within <50ms delay bound. Delay bound includes scheduling delay and retransmission delay.


Table 3 UL TDD related simulation parameters
	Parameter
	Assumption

	UE distribution
	Users dropped uniformly in entire network

	Inter-cell Interference Modelling
	Explicit modelling

	TDD Configuration
	Configuration 1 – DSUUDDSUUD 4 subframes in every frame are used for UL transmissions. Other subframes are not simulated.

	Antenna configuration
	1 Tx × 4 Rx 

	Scheduler 
	Semi Persistent scheduling (SPS configuration details in Annex A2). 

	DL Control signalling limitations
	Maximum 8 DCI Format 0 PDCCHs allowed per subframe,

	HARQ
	Full chase combining. HARQ RTT 10ms

Maximum 3 retransmissions allowed.

	TBS
	328 byte TBS for 12.2 AMR (as per 36.213 TBS table)

	Channel Estimation
	Non-ideal channel estimation modeled in simulation

	UL Power control
	Alpha=1.0, 

Po= -104dBm for UMa, RMa, UMi. 
Po = -111dBm for InH. 
Minimum UE Tx power set to -30dBm.

	Receiver algorithm
	MRC

	Outage criterion for computing capacity
	Maximum cell loading at which at least 98% of UEs in the cell can transmit 98% of their VoIP packets within a 50ms delay bound. Delay bound includes scheduling delay and retransmission delay.


 3
VoIP Performance Results
A summary of the VoIP UL capacity for FDD is presented in Table 3a. Average IoT for each deployment scenario is shown in Table 3b. Annex B1 shows the outage plots and BLER distribution for each scenario.
Table 3a UL FDD VoIP Performance (Capacity)
	Deployment Scenario
	Capacity for 5MHz Bandwidth
	ITU Target for 1MHz
	Capacity (scaled to 1MHz)

	Indoor
	680
	50
	136

	Umi
	390
	40
	78

	Uma
	440
	40
	88

	Rma
	485
	30
	97

	3GPP Case 1 (1Tx – 2Rx)
	187
	NA
	NA


Table 3b UL FDD VoIP Performance (IoT)
	Deployment Scenario
	Cell load
	Avg. IoT (dB)

	Indoor
	700
	6.73

	Umi
	440
	6.79

	Uma
	400
	6.43

	Rma
	480
	5.72


A summary of the VoIP DL capacity for FDD is presented in Table 4. Annex B1 shows the outage plots and BLER distribution for each scenario

Table 4 DL FDD VoIP Performance (Capacity)

	Deployment Scenario
	Capacity for 5MHz Bandwidth
	ITU Target for 1MHz
	Capacity (scaled to 1MHz)

	Indoor
	800
	50
	160

	Umi
	380
	40
	76

	Uma
	370
	40
	74

	Rma
	410
	30
	82


A summary of the VoIP UL capacity for TDD is presented in Table 5a. Average IoT for each deployment scenario is shown in Table 5b. Annex B1 shows the outage plots and BLER distribution for each scenario.
Table 5a UL TDD VoIP Performance (Capacity)

	Deployment Scenario
	Capacity for 5MHz Bandwidth (not scaled for UL/DL split)
	Capacity for 5MHz Bandwidth (scaled by UL/DL split)
	ITU Target for 1MHz
	Capacity (scaled to 1MHz)

	Indoor
	260
	650
	50
	130

	Umi
	140
	350
	40
	70

	Uma
	190
	475
	40
	95

	Rma
	210
	525
	30
	105


Table 5b UL TDD VoIP Performance (IoT)
	Deployment Scenario
	Cell load
	Avg. IoT (dB)

	Indoor
	260
	6.41

	Umi
	160
	10.1

	
	140
	9.75

	Uma
	200
	9.49

	Rma
	220
	8.49


4
Conclusion

UL VoIP capacity results for different ITU-R deployment scenarios are presented in this document. Results show that for the four ITU scenarios that were simulated (RMa, UMa, UMi and InH), both FDD UL and DL VoIP capacity is exceed the required ITU-R minimum performance requirements. 
References

[1] Rep. ITU-R M.2135, “Guidelines for evaluation of radio interface technologies for IMT-Advanced”, 2008
[2] Rep. ITU-R M.2134, “Requirements related to technical performance for IMT-Advanced radio interface(s)”, 2008
Annex A1 – SPS Configuration for FDD
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Figure A1 – FDD SPS Configuration

Figure A1 shows SPS configuration for FDD. As shown in the figure, transmissions from a single UE are mapped to two HARQ process (either 0 or 4). SPS is configured as follows
· Initial transmission periodicity is 20ms 

· Initial transmission resources are semi-statically assigned using a PDCCH grant at the beginning of a talk spurt.
· Initial transmission resources released when there is no voice activity for more than 30ms

· Resources for SID dynamically assigned using PDCCH grants
· Adaptive retransmissions if required are scheduled every 8ms on the same HARQ process as initial transmission

· As shown in the figure, a maximum 4 adaptive retransmissions are possible for each packet.
Annex A2 – SPS Configuration for TDD UL
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Figure A2 – TDD UL SPS Configuration

Figure A2 shows SPS configuration for TDD. SPS is configured as follows

· Initial transmission periodicity is 20ms 

· Initial transmission resources are staggered by +/-1 subframe every 20ms to avoid overlap with retransmissions

· Initial transmission resources are semi-statically assigned using a PDCCH grant at the beginning of a talk spurt.
· Initial transmission resources released when there is no voice activity for more than 30ms

· Resources for SID dynamically assigned using PDCCH grants
· Adaptive retransmissions if required are scheduled every 10ms on the same HARQ process as initial transmission

· As shown in the figure, a maximum 3 adaptive retransmissions are possible for each packet.

Annex B1 – Outage and BLER Plots for FDD
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Figure B1 – UL FDD VoIP Outage for various ITU deployment scenarios
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Figure B2 – BLER statistics for various ITU deployment scenarios (FDD UL)
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Figure B3 – DL FDD VoIP Outage for various ITU deployment scenarios
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Figure B2 – BLER statistics for various ITU deployment scenarios (FDD DL)

Annex B2 – Outage and BLER Plots for TDD 
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Figure B3 – UL TDD VoIP Outage for various ITU deployment scenarios
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Figure B4 – BLER statistics for various ITU deployment scenarios (TDD UL)
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