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Introduction

In this document we evaluate the gain of macro diversity in the EUTRA uplink. In our view the main motivation for applying SHO is indeed the performance aspect which can be measured in terms of coverage, increased cell edge performance and cell throughput. However as investigated in [3] the gain depends strongly on the assumed diversity profile and is reduced e.g. in case channel dependant scheduling is utilized. Another resource to further mitigate the gain is the introduction of a proper interference coordination scheme [4] or to apply a very fast hard handover and rely on softer handover only.

For a fair comparison besides looking at the gain we cannot ignore the burdens of inter cell macro diversity on the system architecture. To fully support uplink SHO additional expenditure is needed in terms of:

· Increased demand of NodeB base band processing

· Additional delay induced due to combining at a central combining node

· Higher signaling overhead in the network and on the air interface

· More capacity on Iub interface and central combining node

Another issue to consider is that a cooperation of frequency domain scheduling and SHO is not easily possible. Looking at all these restrictions and the cost needed to enable SHO it is essential to assess the gains thoroughly and not to overestimate the advantages. 

Cell Topology 

The used topology is a sector layout with 3 sectors per cell and a hexagonal shape per sector. 5 UEs are randomly placed per sector (uniform distribution) and one is allowed to transmit at a time using the total available bandwidth. With this topology a UE has 6 neighbor sectors for SHO and thereof two allow softer handover. In Figure 1 the six neighboring cells for one UE are shown. In the simulation the shadowing correlation to the serving cell is considered. For the depicted topology, it is 1 to cell 2 and cell 3 (same site) and 0.5 to the other neighbored cells according to [2].
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Figure 1: Used cell topology 
Simulation Conditions 

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 single path Rayleigh fading channel. At the NodeB we employ a single receive antenna 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)

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

	Performance Measure
	User throughput

	Bandwidth
	10 MHz

	TTI Length
	0.5 ms

	Cell Layout
	19 sites (57 sectors)

	Cell Radius
	500 m

	Traffic Model
	Full Buffer

	Path Model
	1-path Rayleigh Fading

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

	Handover Method
	SHO window 3 dB

	Handover Delay
	No considered

	Number of Receive Antennas
	1

	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 a system without uplink macro diversity and a system applying soft handover are compared. Figure 2 indicates the CDF of the user throughput. We used a proportional fair scheduler and pure time domain scheduling. It can be seen that by increasing the number of radio links the probability that at least one radio link is good is increased due to independent fast fading channels. For the 5th percentile bit rates a gain of 16% is achieved. From the depicted gains on average a gain of around 11% results.
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Figure 2: CDF of User throughput (Shannon relationship, full buffer)

Conclusion

From simulation results and the expected additional expenditure of uplink macro diversity our recommendation is not to consider inter-site soft handover for the EUTRA uplink. In order to achieve the challenging cell edge data rate requirements other resources are the introduction of a proper interference coordination scheme, to apply a very fast hard handover, to rely on softer handover only and to further investigate the possibility of introducing frequency domain scheduling in the uplink. However besides the cell edge data rate there might be further aspects that need to be investigated further e.g. the impacts on coverage and the site density.
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