Page 1

3GPP TSG-RAN WG1 LTE Ad Hoc
R1-061807
Cannes, France

June 27th – 30th, 2006
Agenda item:
8.1
Source: 
Qualcomm Europe

Title: 
Evaluation of Uplink VoIP Capacity Evaluation for E-UTRA and comparison with Rel-99
Document for:
Discussion and Decision
1
Introduction
In this contribution, we evaluate baseline UL SIMO VoIP capacity for E-UTRA. VoIP traffic is run is circuit-like mode. A set of time-frequency slots is assigned to each UE at the beginning and the assignment remains static throughout the simulation. 

E-UTRA results are compared to Rel-99 WCDMA results.  
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Simulation Setup in E-UTRA UL
In the simulation we focus on TU channel model.  Its channel delay and power profiles are given in Table 1.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10

	Delay (ns)
	0
	200
	500
	1600
	2300
	5000


Table 1: Delay and Power Profile

The considered deployment scenario is listed in Table 2.

	Scenario
	Carrier Frequency

(GHz)
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

R in Km

	D1
	2 
	500
	20
	3
	L = 128.1 + 37.6 Log10R


Table 2: Deployment Scenarios

The overall system configuration has been set as shown in Table 3. 

	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

	Traffic model
	AMR 12.2 kbps (40% activity) ROHC and other overhead added; 

1 VoIP frame over the air: 333 bits

	Max UE Tx Power
	21 dBm

	Channel update
	per sub-frame

	TTI
	0.5 ms

	Control overhead 
	2 symbols out of 7

	Duration
	20 s + 2.5 s warm-up

	HARQ
	Max. # of Txs = 5
# of HARQ processes = multiple of 6

Retransmission delay = multiple of 3 ms 

Ack/Nack errors = 0%
Re-transmissions are  synchronous with same RB and TF allocation

	CQI rate
	50 Hz

	Intra-cell power control
	Based on CQI, once every 20ms – 50 bps

	Tx PSD
	Static offset relative to reference level provided by CQI

	Scheduling algorithm
	Static assignment of 2 resource blocks at the beginning of the simulation - 750 kHz band transport format 2 [Appendix A]

	Data associated UL control signalling
	No data associated UL control signalling is assumed. UE obeys the BW and TF allocation sent from Node-B. PSD offset and Tx PSD are adjusted accordingly when UE reaches the max. Tx power.

	Decoding
	AWGN link level curves with EESNR mapping [1] together with corresponding payload size penalty [Appendix A]. 

	Channel Estimation
	Realistic [Appendix A]


Table 3: System configuration
2
Simulation Setup for Rel. 99 WCDMA
The simulation is performed for PB3 channel model.  Its channel delay and power profiles are given in Table 4.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10

	Delay (ns)
	0
	200
	500
	1600
	2300
	5000


Table 4: Delay and Power Profile

The considered deployment scenario is the same as for E-UTRA and is listed in Table 2.

The overall system configuration has been set as shown in Table 5. 

	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

	Traffic model
	AMR 12.2 kbps (40% activity) 
circuit switched voice

	Max UE Tx Power
	21 dBm

	Channel update
	1500 Hz

	TTI
	20 ms

	Duration
	20 s + 2.5 s warm-up

	Power control
	Inner loop at 1500 bps
error rate 4%

	Decoding
	Short term link curves 

	Channel Estimation
	Realistic


Table 5: System configuration
3
Simulation Results
In Table 6, we compare the system performance between E-UTRA and Rel-99 WCDMA. For system loading of E-UTRA we use interference over thermal (IoT) and for Rel-99 WCDMA we use Rise over Thermal (RoT).   
	RoT [dB] (Rel-99)
	# UEs (Rel-99)
	IoT [dB] (E-UTRA)
	# UEs (E-UTRA)

	5.2
	50
	1.77
	72

	
	
	2.78
	108

	
	
	4.33
	144


Table 6: E-UTRA and Rel-99 WCDMA voice capacity comparison.
In Figure 1, the cumulative density function for the 98% of the VoIP frame delays for each UE is shown.
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Figure 1: CDF for 98% delay per UE
4
Summary

In this document, we present baseline E-UTRA UL SIMO VoIP simulation with static resource assignment. The results are compared with Rel-99 WCDMA circuit switch voice. The results indicate the E-UTRA offers more than 100% improvement in voice capacity. 
The proposed text for inclusion into [1] is provided below.
Text Proposal for 25.814

--------------------- Start of Text Proposal ---------------------
10.1.1.3.3 VoIP Capacity

The results presented in Table 10.1.1.3.3-1 are based on the case 1 defined in Table A.2.1.1-1. SC-FDMA results are compared to Rel-99 WCDMA. 

SC-FDMA VoIP is run in circuit-switch like mode. ROHC and other overhead are included so that the total VoIP frame size is equal to 333 bits. A set of time-frequency slots (750 kHz band) is assigned to each UE at the beginning and the assignment remains static throughout the simulation. The results are presented for a range of interference-over-thermal (IoT) values. 

The results in 10.1.1.3.3-1. show the performance gain of SC-FDMA uplink VoIP over Rel-99 WCDMA CS voice. The delay for Rel-99 WCDMA voice is equal to TTI duration of 20 ms. In case of SC-FDMA, due to HARQ, the delay is variable. In Figure 10.1.1.3.3-1 the cumulative distribution function for the 98% delay per UE is illustrated. The goal is to keep delay below 100 ms.

	RoT [dB] (Rel-99)
	# UEs (Rel-99)
	IoT [dB] (E-UTRA)
	# UEs (E-UTRA)
	Relative Gain 
of SC-FDMA VoIP 
over Rel-99 voice

	5.2
	50
	1.77
	72
	44%

	
	
	2.78
	108
	116%

	
	
	4.33
	144
	188%


Table 10.1.1.3.3-1: E-UTRA VoIP and Rel-99 WCDMA voice capacity comparison, 5 MHz, 2Rx
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Figure 10.1.1.3.3-1: 5 MHz, TU 3 km/h
--------------------- End of Text Proposal ---------------------
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Appendix A: Link to System Interface

The MCS table used in the simulation is listed in Table 7.
	Transport Format
	Modulation
	Code Rate
	10% EsNt Threshold [dB]
	Beta Parameters for EESNR

	-5
	QPSK
	1/8
	-5.7
	1.49

	-4
	QPSK
	1/7
	-5.1
	1.49

	-3
	QPSK
	1/6
	-4.4
	1.49

	-2
	QPSK
	1/5
	-3.6
	1.49

	-1
	QPSK
	1/4
	-2.5
	1.49

	0
	QPSK
	1/3
	-1.4
	1.49

	1
	QPSK
	½
	1
	1.57

	2
	QPSK
	2/3
	3.1
	1.69

	3
	QPSK
	3/4
	4.2
	1.69

	4
	QPSK
	4/5
	4.9
	1.65

	6
	16QAM
	1/2
	6.2
	4.56

	7
	16QAM
	2/3
	8.9
	6.42

	8
	16QAM
	3/4
	10.3
	7.33

	9
	16QAM
	4/5
	11.1
	7.68


Table 7: 

TF, 10% BLER threshold and Beta parameters

Figure 2 contains the reference AWGN BLER curves for use when modelling link-level performance within the system simulator.
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Figure 2: Reference BLER curves in AWGN

The channel estimation plus equalization loss is given in Table 8.

	Received SNR [dB]
	Backoff [dB]

	Below -2
	1.2

	[-2  1]
	0.95

	[1  6]
	0.7

	[6  9]
	0.65

	[9  13]
	0.55

	Above 13
	0.5


Table 8: Channel estimation and equalization loss as a function of received SNR
The payload size penalty is listed in Table 9.
	Payload size
	Backoff [dB]

	Below 50
	1.5

	[-50  100]
	1.25

	[100  200]
	1

	[200   300]
	0.75

	[300  400]
	0.5


Table 9: SNR backoff as a function of payload size
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