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1 Introduction

This document provides the RL system level results for R99 voice users according to [1]. The short-term link curve and the optimal T/P are based on the analysis given in [2]. The channel decoding is done by modelling the short-term FER piecewise linear in logarithm domain.

2 Voice Outage Criteria

In [1] the voice outage criteria are defined as:

a. average FER being less than 2%

b. short term FER exceeding 2% no more than 5% of the time where the short term FER of the voice service is calculated by averaging over 2 seconds.

Assume the outer loop power control drives the average FER to be around 1% (
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), given that TTI is 20ms, the probability of the short term FER exceeding 2% is the probability of more than 3 frames in error in a 100 frame period, i.e.:
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Given that there are 2N seconds in a simulation run, the probability that the user goes to outage is:
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The probability of a user in outage vs. simulation time can be shown in Fig.1.  From this figure we can see that with the simulation time sufficiently long, the user goes to outage with 100%, which means the system cannot support a single voice user.

There are several ways to make the voice outage criteria meaningful,

a.  let the outer loop drive average FER to be smaller (this will entail a higher ROT)

b.  increase 2% to x% or increase 5% to y%.

The above calculation is done with the assumption that each frame error is independent of any other frame, therefore it gives an upper bound of the outage probability where there is a single user in the system. With outerloop power control enabled, the error events are correlated so the outage proability can go down to some extent.
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Figure 1 Outage probability vs. simulation time (p = 7.9%)

3. Simulation Results

In the simulation 25,000 frames over 19 Node-Bs are considered. Other simulation assumptions are given in the appendix. All the cells in the 19 Node-Bs, 3 cells/Node-B system are uniformly loaded with 45, 60, 75 and 90 users in different simulation runs. Corresponding to each loading, average system voice outage probability and average ROT are listed in Table 1 and plotted in Fig.1 and Fig.2. 

	# of MS per cell
	Average 

ROT (dB)
	Voice Outage Probability

	45
	2.95
	29.9%

	60
	4.67
	31.52%

	75
	7.54
	32.19%

	90
	16.19
	41.8%


Table 1 Average Statistics
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Figure 2 Average Rise-over-Thermal (ROT)
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Figure 2  System Voice Outage Probability

Fig.3 to Fig.6 show the histogram of average Tx pwr per UE with different loading. As more and more users are loaded in the system, more and more users transmit at a higher power. For instance, with 90 users per cell 40% of the users are transmitting with more than 9dBm. 
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Figure 3 Histogram of Average Tx Pwr with 45 UEs/Cell

[image: image12.emf]Histogram of the Avg Tx Pwr with 75 UEs/Cell
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Figure 4 Histogram of Average Tx Pwr with 60 UEs/Cell
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Figure 5 Histogram of Average Tx Pwr with 75 UEs/Cell
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Figure 6 Histogram of Average Tx Pwr with 90 UEs/Cell

If we let the outer loop drive the long term FER to be 0.5% instead of 1%, we have:
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With 45 users/cell, the voice outage probability goes down from 29.9% to 0.156%. Meanwhile the average ROT is increased to 3.36dB as expected.
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Figure 7 Outage probability vs. simulation run (p = 1.4%)

In fact there is a mapping from 
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 to the outage probability. Fig.8 gives an indication how small 
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 should be assuming we fix the simulation time as 4000 seconds which is long enough.
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Figure 8 Outage probability vs. short term frame error rate

4 Comments and Conclusions

With current voice outage criteria, high voice outage will be observed even with few users in the system.  We therefore propose to relax the short-term voice outage criterion.
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Appendix

The simulation assumptions are outlined below.

	Parameter
	Value

	TTI
	20 ms

	ILPC
	Up/Down  1 dB

	OLPC
	Up 0.5 dB

	Channel – Ped A
	30%

	Channel – Ped B
	30%

	Channel – VehA @ 30 
	20%

	Channel – VehA@120
	20%

	Voice Rate
	12.2kbps
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