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Introduction

In [4] we showed further system level results based on the agreed simulation assumptions. In this document we further want to show that the 5% CDF as evaluation criterion has to be defined precisely to make the simulation results comparable. We want to further draw attention to the fact that especially for downloads and not delay critical services the user throughput can be evaluated over a couple of packet calls and therefore an averaging effect over the fast fading occurs and thus the gain by SHO is reduced further.

Simulation assumptions

In the simulation we set the UE transmit power to 24  dBm and an environment with indoor users is assumed which is reflected in an outdoor to indoor penetration loss of 20  dB. A lognormal shadow fading with a standard deviation of 8 dB is applied together with a TU channel. At the Node B we employ two receive antennas and the UEs do not support transmit diversity. Table 1 summarizes the simulation assumptions.

	Simulation Method
	System Level Simulation

	AMC
	No

	HARQ
	No

	Channel Dependant Scheduling
	On (Proportional Fairness 5 users)

	Evaluation Method
	Instantaneous SINR is mapped to instantaneous throughput (Shannon relationship)

	Performance Measure
	User throughput

	Bandwidth
	1 MHz

	TTI Length
	0.5 ms

	Cell Layout
	19 sites (57 sectors)

	Cell Radius
	1000 m

	Traffic Model
	Full Buffer

	Path Model
	TU

	Criterion for Selection Connection Cell
	Based on distance dependent pathloss considering shadowing variation

	Handover Method
	SHO window 6 dB

	Number of Receive Antennas
	2

	Number of Transmit Antennas
	1

	Antenna Pattern
	70-degree sectored beam

	Power Control
	On (slow PC compensating distance depended path loss and shadow fading)


Table 1: Simulation Assumptions

Results

In our simulation the two scenarios following two scenarios are compared: a system with uplink macro diversity only within one cell (softer handover) and a system applying inter-cell soft handover.
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Figure 1: SHO gain dependent on the fairness of the scheduler. Fairness is dependent on the fading margin we allow for the target reception level, the lower the fading margin the more users are transmitting at their maximum power.

In the right part of Figure 1 we show the throughput of each user dependent on the attenuation of each user. We took 40 areas of the attenuation each with the same frequency of users having this area, and show the mean attenuation for each of this areas. One can see that this typically lies in the range of 70 to 130 dB for the simulation conditions agreed in [5].

Table 1: Gain of SHO in average and at the two possible 5% points. dependent on the scheduler

	Radius
	very unfair
	Unfair
	little unfair
	little fair
	fair
	very fair

	
	HHO
	SHO
	HHO
	SHO
	HHO
	SHO
	HHO
	SHO
	HHO
	SHO
	HHO
	SHO

	Mean Throughput
	2.50
	2.61
	2.17
	2.28
	1.81
	1.91
	1.44
	1.51
	1.05
	1.09
	0.68
	0.69

	Gain of SHO
	
	4.5
	
	5.1
	
	5.4
	
	4.9
	
	3.5
	
	1.5

	5% instant TP
	0.26
	0.29
	0.30
	0.34
	0.31
	0.36
	0.27
	0.31
	0.23
	0.26
	0.19
	0.22

	Gain of SHO
	
	11.3
	
	13.5
	
	15.7
	
	15.3
	
	15.1
	
	15.6

	5% averaged TP
	0.89
	0.93
	0.98
	1.05
	1.07
	1.15
	1.10
	1.17
	0.99
	1.03
	0.67
	0.69

	Gain of SHO
	
	5.3
	
	7.1
	
	6.9
	
	6.0
	
	4.1
	
	3.0


From Table 1 and Figure 1 it can be seen that the gain of SHO is increased the fairer the scheduler becomes but saturating at around 15%. More important however is, if we average over the fast fading and show the gain of SHO dependent on the attenuation of each user (considering the pathloss, antenna pattern, and shadowing, but not the fast fading), the gain of SHO is reduced to around one half. However the 5% throughput itself is increased a lot by a factor of 3 to 4.
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Figure 2:  Throughput to cell edge user throughput curve as it was agreed at RAN for the evaluation of SHO. The lower two curves show the instantaneous 5% user throughput versus the mean cell throughput. The upper two curves show the averaged (over the fast fading) 5% user throughput. The gain of SHO is reduced after averaging. To see this effect we used a logarithmic scale on the y axis.

In Figure 2 we show the mean cell throughput versus the 5% throughput. Again, it can be seen that the gain of SHO is reduced a lot if we evaluate the user throughput over a couple of packet calls.

Summarizing the results it turned out that the 5% CDF throughput can be seen in two different ways: 

1) The experience of the 5% worst users in a given deployment, i.e., the 5% worst packet calls of the user distribution. The packet call throughput will average over the individual packets of the packet call. It is irrelevant what the throughputs of the individual packets are.

2) The throughput of the 5% worst transmitted packets, i.e. the size of the smallest packet divided/TTI. Due to fading, the next packets of an affected user will typically not suffer, but another user will be hit, i.e., this is not a measure to characterize a user experience
As a consequence we note that there may be an ambiguity or unclearness regarding the evaluation criteria to be used. We have used 2) for the evaluation in [2] and [4], but we are unsure whether this methodology is actually relevant., probably 1) better reflects the users experience.

Conclusion

With this contribution we wanted to draw attention that the 5% CDF as evaluation criterion has to be defined precisely to make the simulation results comparable.
· The time period for evaluating the user throughput can be one or multiple packet calls. 

· Due to the averaging of fading statistics the throughput of highly attenuated users (based on pathloss, antenna pattern and shadowing) is much higher than the 5% CDF of instantaneous packet throughput ....

Taking these effects and the here presented results into account we do not see the need for inter-cell handover in 3G LTE uplink.
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