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1. Introduction

In the past several meetings, many companies have proposed macro-diversity in uplink whilst investigating the cons and pros [2] [3] [4] [5] [6], for fulfilling the requirement on improving cell-edge data rate in TR25.913 [1]. This paper presents some investigation results on uplink macro-diversity. Specifically, we compare the cell-edge users’ bit rate performance of inter-NodeB, Intra-NodeB macro-diversity with non-macro-diversity.

2. Inter-Node B and intra-Node B uplink macro-diversity 

Macro-diversity is a powerful technology to improve the coverage, link quality and capacity in cellular system. Our investigation to uplink macro-diversity is based on OFDMA, although the conclusions could be applicable for other FDMA schemes. Macro-diversity gain can be realized with different algorithms, such as maximal ratio combining (MRC), equal gain combining (EGC), and selective combining (SC) etc. 

In this contribution, we propose uplink inter-NodeB and intra-NodeB macro-diversity for cell-edge UEs in EUTRA. Inter-Node B macro-diversity can be applied to “NodeB edge” UEs and intra-NodeB macro-diversity can be applied to UEs in the cell-edge area of the same NodeB. In case that both the Intra-NodeB and inter-NodeB diversity are applicable, intra-NodeB diversity is preferable and should be considered with a higher priority.
Furthermore, Macro-diversity combining can be applied in either time domain or frequency domain at the receiver. We propose that Post-FFT combining. Figure 1 shows the block diagram of OFDM Post-FFT macro-diversity. M antennas (belong to NodeBs or sectors) are involved in macro-diversity. Each NodeB or sector performs the FFT separately, then only the information from cell-edge UEs is transmitted to a certain combining location (probably one of the involved NodeBs or RNC et. cl). 
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Figure 1: M antennas involved macro-diversity

In this contribution, we investigate inter-NodeB macro-diversity and intra-NodeB diversity separately. One receive antenna is assumed in our simulation. For intra-Node B diversity, only cell-edge UEs adopt intra-Node B macro-diversity, 2 sectors are involved in macro diversity. In inter-Node B diversity, 3 NodeBs are involved in macro-diversity to provide better SINR transmission performance. The performance of both selection combining and maximal ratio combining is investigated. It is illustrated as Figure 2.
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Figure 2: Uplink macro-diversity 

3. Simulation Conditions
The cell-edge bit-rate per sub-carrier and total cell-edge bit-rate with or without macro-diversity are investigated based on system-level simulations. Table 1 gives the parameters considered in the simulations, which basically follow the simulation assumptions described in the current TR. Shannon formula is used to calculate the bit-rate of each sub-carrier, where the impairment to the desired signal comes from co-channel interference and noise. For each cell, a threshold 0.8R is used to judge whether to adopt macro-diversity to a UE or not, where R is cell radius. For simplicity, we consider frequency reuse 3. For intra-Node B macro-diversity case, only the users in inter-sector and cell-edge region adopt intra-Node B macro-diversity. 

The simulation only investigates the cell-edge bit-rate performance on a single sub-carrier. Hence the random sub-carrier allocation is adopted.

Table 1 – Simulation Parameters

	Parameter
	Assumption

	Bandwidth per sub-carrier
	15kHz

	Number of sub-carriers
	510

	Cell layout
	Hexagonal grid, 64 cell sites, 3 sectors per site

	Frequency reuse factor
	3

	Cell radius
	500m

	Minimum distance between UE and cell site
	35m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	Typical Urban

	UE speed
	3 km/h

	Number of received antennas per site
	1

	UE transmit power
	21dBm

	Node-B noise Figure
	5 dB

	Number of Macro-diversity sites
	3

	Sub-carrier per user
	1


4. Simulation results

Figure 3 shows the CDF of the cell-edge users’ bit-rate on a single sub-carrier. The simulation results suggest that inter-NodeB macro-diversity can provide better cell-edge performance. And performance of selection combining is worse than that of maximal ratio combining macro-diversity, otherwise better than the non-diversity case.
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Figure 3: Bit-rate CDF of single sub-carrier with Inter-Node B diversity

Figure 4 shows the CDF of cell-edge throughput, which is defined as the sum of cell-edge users’ bit-rate. In this simulation we can find that a better cell-edge performance can be achieved with inter-Node B macro-diversity.
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Figure 4: Throughput CDF of Inter-Node B Macro diversity at cell-edge

Figure 5 shows the CDF of cell-edge users’ bit-rate of a single sub-carrier with intra-NodeB macro-diversity. The simulation results show that intra-NodeB macro-diversity can provide better cell-edge performance. Performance of selection combining is close to maximum ratio combining. In addition, intra-Node B diversity gain is slightly smaller than the inter-NodeB diversity.
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Figure 5: Bit-rate CDF of Intra-Node B diversity single sub-carrier 

Figure 6 shows the CDF of cell--edge throughput. The simulation results suggest that a better performance can be achieved through intra-Node B macro-diversity.
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Figure 6: Throughput CDF of Intra-Node B case cell-edge 

5. Conclusion
In this contribution, we showed that uplink Post-FFT OFDM inter-NodeB and intra-NodeB macro-diversity could substantially improve the cell-edge bit-rate performance over the non-macro-diversity case. In the following section, the suggestion on considering uplink macro-diversity is proposed to TR 25.814 section 9.1.1.5.
6. Text Proposal

---------------------------------------- Start of Text Proposal ---------------------------------------
9.1.1.5 Uplink macro diversity
In uplink Evolved UTRA systems, inter-NodeB and intra-NodeB Macro diversity could both be considered for improving the cell-edge bit rate.

Operational principles of inter-Node B and intra-Node B Macro diversity should roughly be showed in Figure 9.1.1.5-x. Inter-NodeB macro-diversity can be applied for the UEs in the NodeB-edge area, and intra-NodeB macro-diversity can be applied for the UEs users in the cell-edge area of the same NodeB. In case that both the Intra-NodeB and inter-NodeB diversity are applicable, intra-NodeB diversity is preferable and should be considered with a higher priority. Then a certain combining scheme (e.g. Maximum ratio combining, Selective combining, or simply soft-combining) could be adopted between cells or NodeBs. Intra-NodeB and inter-NodeB macro-diversity can effectively improve the SINR of the UEs in the cell-edge area. 
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9.1.1.5-x Uplink macro-diversity 

------------------------------------- End of Text Proposal  ------------------------------------------
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