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1
Introduction
In this contribution, we evaluate UL SIMO VoIP capacity for E-UTRA. VoIP traffic is run in a scheduled semi-static mode in order to exploit voice activity. A set of time-frequency slots is assigned to each UE at the beginning of a talk spurt and de-assigned when UE stops utilizing assigned resources. 
Details about the scheduling algorithm are given in the Appendix A. Typically, a single (permanent) grant is used to schedule an entire talk spurt. SID frames are scheduled individually.
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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 scenarios are 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 2 state markov model with 2 s average talk spurt duration) 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 + 4 s warm-up

	HARQ
	Max. # of Txs = 6
# of HARQ processes = 18

Retransmission delay = multiple of 9 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
	Assignment of 2 resource blocks - 750 kHz band transport format 2 [Appendix B] for full rate frames (duration infinite)

Resources are deassigned if not utilized for 40 ms (assumed that UEs sends an inband request for deassignment of resources)

Multiple assignments per UE are permitted

SIDs are scheduled 

	Data associated UL control signalling
	No data associated UL control signalling is assumed. UE obeys the BW and TF allocation sent down 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
3
Simulation Results
In Table 6, we show the system performance. For the system interference we use interference over thermal (IoT).   As it can be seen from the table, semi-static approach requires modest downlink overhead. Less than 1 grant every 2 TTIs is necessary, where majority of the grants are used to schedule SID frames. In principle possible semi static scheduling of SIDs would further reduce downlink overhead. 240 UEs can be supported at IoT < 5 dB. Compared to circuit-switched mode [1], system capacity is increased more than 60%. Note that fixed modulation and coding is used for UEs. Geometry aware scheduling would provide further improvements.
	IoT [dB]
	# grants per TTI
	# UEs

	4.40404
	0.520542
	216

	4.51282
	0.536438
	228

	4.82175
	0.493229
	240


Table 6: E-UTRA VoIP capacity.
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 presented E-UTRA UL SIMO VoIP simulation with semi-static resource assignment. Semi-static assignment offers more than 60% increase in system capacity relative to circuit-switch mode shown in [1]. Our findings are proposed for inclusion into [2].
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Appendix A: Scheduling Algorithm

We envision the following procedure for scheduling uplink traffic. Synchronous HARQ is assumed. 

· UE requests assignment of UL resources by sending a special codeword on CQICH

· Multiple codewords could be allocated to differentiate various buffer levels.

· Two codewords work well for VoIP 

· Full rate frame

· SID frame 

· Node B assigns appropriate resources based on requests from UEs

· Persistent resource assignment is reasonable for full rate frames

· Facilitates reduction of downlink control channel overhead

· Non-persistent assignment is suitable for SID frames due to large inter-arrival time 

·  Downlink overhead is reasonable due to infrequent SID frames arrivals

When given persistent assignment, UE retains the resources as long as it transmits data. UE sends inband request with no data indication if it does not transmit on a particular HARQ instance for more than 30 ms. 

Appendix B: 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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