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1. Introduction

This document provides system simulation results evaluating downlink VoIP capacity for LTE. 
2. Simulation Details 
Simulation assumptions are aligned with [1] with one exception. Results shown in this contribution assume ideal channel estimation and are hence slightly optimistic. Other simulation assumptions including details on overhead allocation are shown in Annex A.
3. Downlink system simulation results

System simulation results are summarized in Table 1.  Additional details are given in Annex B and Annex C.  Results are shown for two different control channel overhead scenarios where the n=2 scenario assumes two symbols in each DL subframe are reserved for L1/L2 control signaling and the n=3 scenario assumes three symbols are reserved.
Table 1 - Downlink VoIP Capacity 
	Deployment Scenario
	DL VoIP Capacity (n=2)
	DL VoIP Capacity (n=3)

	Case1
	320
	285

	Case3
	260
	220


4. Conclusion

In this contribution, the system simulation results evaluating E-UTRA downlink VoIP capacity are presented. Results are shown for deployment scenario Case 1 and Case 3.  Comparing the results with uplink assessment provided in [2] indicates that LTE VoIP performance for these scenarios is uplink limited.  Even higher capacities are expected by increasing the number of NB TX antennas beyond 2 and also through the use of MU-MIMO.
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ANNEX A – Simulation assumptions
	Parameter
	Assumption

	Deployment Scenarios
	Case1 and Case3 (Geometry Distribution for these scenarios is given in [3])

	Carrier Bandwidth, RB allocation
	5MHz , 25RBs (1RB = 12 subcarriers.)

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

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB 

	Minimum distance between UE and cell
	35 meters

	E-UTRA eNodeB Transmitter/ UE Receiver
	1x2  (1 antenna / 2 antennas – rx diversity)

	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	43dBm

	UE Noise Figure
	9dB

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	VoIP Traffic details
	VoIP Full rate AMR (12.2 kbps)

50% VAF with 2 state Markov model [1]

Voice frame = 40Bytes. SID frame = 15Bytes

SID Frames modeled.

Call duration : 50s  (10s for Case3 simulations)

	Overhead allocation
	Each RB has 14 symbols. 

1 symbol reserved to model reference symbol overhead

n=2 or n=3 symbols reserved for control (results shown for both cases).

	Outage definition
	UEs with FER>2% @ 50ms delay bound are considered to be in outage. VoIP frames whose delay exceeds the delay bound are dropped. Both queuing delay at the scheduler and HARQ retransmission delay are considered when measuring VoIP frame delay.

	MCS
	QPSK 

2RB allocation for each UE (QPSK rate 0.60 for n=2, QPSK rate 0.66 for n=3)

	HARQ
	Synchronous HARQ with N=5

Maximum number of retransmissions determined by delay bound.

	Scheduler
	Delay based (details in Annex B)

	CQI
	Wideband CQI reported every 20ms

	Power control 
	Downlink power control based on wideband CQI measurements 

	Link Mapping
	EESM 

	Channel Estimation
	Ideal


ANNEX B – Scheduler Description

· UEs are pre-assigned to scan a subset of  time frequency resources for DL VoIP allocation
· Each UE scans all 25 Resource Blocks every 5th subframe (note HARQ , N=5)

· Delay based scheduling is used to assign resources to each UE within the pre-defined subset of resources

· UEs receiving retransmissions are given higher priority 
ANNEX C – Additional details on simulation results
C1 Outage plots
Figures C1.1 and C1.2 show outage plots for results shown in Table 1.
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Figure C1.1 – Outage plot for Case 1
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Figure C1.2 – Outage plot for Case 3
C2 FER CDFs
Figures C2.1 and C2.2 show FER CDFs for results shown in Table 1.
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Figure C2.1 – FER CDF for Case 1
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Figure C2.2 – FER CDF for Case 3
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