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1. Introduction

RAN WG1 discussed the realizable gain from UL macrodiversity in its #42 meeting. The benefits from UL macrodiversity reported by different companies varied a lot not only due to different simulation cases, but also to the extent which each company modelled various physical layer features. After no conclusion in RAN working groups, the discussion on UL MD continued at TSG RAN #29 meeting with agreement on the way forward [1] and aligned simulation assumptions [2]. This document presents UL macrodiversity performance results based on the agreed simulation assumptions.
2. Performance evaluation

Table 1 – Simulation Parameters 


	Parameter
	Assumption

	Bandwidth
	5 MHz

	TTI length
	0.5 msec

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter- site distance
	1732m as default, variation of ISD if possible within the time frame

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	UE transmission power
	21 dBm (125 mW)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	6-path GSM Typical Urban

	UE speed
	3 km/h (fD = 5.55 Hz)

	Number of receiver antennas
	2

	Multipath interference
	Ideal suppression

	Handover add and delete threshold
	4 dB, 6 dB


Performance results are shown in Figure 1 - Figure 4. 8 users/cell/5 MHz is assumed in Figure 1 and Figure 2 while 16 users/cell/5 MHz is assumed in Figure 3 and Figure 4, respectively. Round Robin scheduler with Full Buffer was used in both cases. 
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Figure 1. Normalized 95% throughput as a function of Normalized average cell throughput, 8 users/cell/5 MHz.
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Figure 2. Cumulative distribution function of normalized cell throughput, 8 users/cell/5 MHz.  Average cell throughput level equals to 0.91/0.92 (HHO/SHO) bit/s/Hz
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Figure 3. Normalized 95% throughput as a function of Normalized average cell throughput, 16 users/cell/5 MHz.
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Figure 4. Cumulative distribution function of normalized cell throughput, 16 users/cell/5 MHz.  Average cell throughput level equals to 0.93/0.96 (HHO/SHO) bit/s/Hz.
3. Discussion

The performance gains of UL macrodiversity are summarized in Table 2 below.

Table 2 – Summary of performance gains of UL macrodiversity
	
	8 users/cell/5 MHz
	16 users/cell/5 MHz

	95% throughput
	5% - 11%
	5% - 9%

	Average throughput
	0.7% - 1.5%
	1.7% - 2.7%


UL macrodiversity performance was modeled with the presence of techniques that are expected to be part of LTE in UL: HARQ (CC), AMC (controlled only by one serving BS) and slow power control. With the extra diversity gain provided by these techniques, it can be seen that the extra gain from macrodiversity is negligible. 

4. Conclusion

This contribution presented performance gain from UL macrodiversity in the presence of default UL techniques that also increase available diversity. The simulations assumptions were in line with the agreement made at TSG RAN #29 meeting. We conclude that UL macrodiversity only provides negligible gain on physical layer performance. We recommend RAN WG1 to provide these results to RAN WG2 and WG3 to help them conclude on the benefit of UL macrodiversity.
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