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1 Introduction
This contribution provides some simulation results of uplink CoMP for phase 1 evaluation.
2 Simulation assumptions
The simulation assumptions in the contribution are listed below, based on the proposal for system simulation parameters for UL CoMP Evaluation in [1].
	Parameter
	Values used for evaluation

	Deployment scenarios
	1. Homogeneous network with intra-site CoMP

2. Homogeneous network with high Tx power RRHs 

· The central entity can coordinate 9 cells [2]

	Simulation case
	3GPP-Case1

	Number of UEs per cell
	10

	Duplex mode
	FDD

	System bandwidth
	10 MHz

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB/RRH/Pico nodes
	2, 4

	Antenna configuration
	2 Rx antennas: 1 column, cross-polarized: X

4 Rx antennas: 2 columns, cross-polarized on each column, closely-spaced: X X

	Antenna pattern
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2

	eNB Antenna tilt
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2 

3D

	Channel estimation
	· Ideal channel estimation

· Practical channel estimation (Based on link-level MSE simulation results)

	Placing of UEs
	Uniform distribution for homogeneous networks

	Scheduler
	Proportional Fair

	Traffic model
	Full buffer 

	HARQ
	CC, Maximum 3 transmission 

	UL power control
	P0 = -80, α = 0.8

	UL receiver type
	MMSE+MRC (MMSE at each cell in the CoMP set; MRC for combination of signals from cells in the CoMP set at the serving cell)

	UL overhead assumption
	· SRS overhead according to UL scheduler and transmission scheme

· 4 PRBs for PUCCH

	Maximum cooperative cells
	3

	Cooperative cell selection
	RSRP-based (RSRP threshold is 6dB for basic evaluation) [3]

	Interference modelling
	· No interference cancellation (IC)
· Ideal IC (interference from CoMP UE to cooperative cells can be cancelled)


3 Basic evaluation results

This section presents evaluation results using RSRP threshold=6dB without any IC techniques. The baseline denotes single-user transmission without UL CoMP.
3.1 CoMP UE probability

The probability of CoMP UEs is shown below.
Table 1 Probability of CoMP UEs

	Probability of UEs
	Scenario 1
	Scenario 2

	UEs served by 1 cell 
	85.05% 
	78.74% 

	UEs served by 2 cell 
	11.41% 
	16.00% 

	UEs served by 3 cell 
	3.54% 
	5.26% 


3.2 CoMP UE distribution

The distribution of CoMP UEs is shown below.
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a) Scenario 1
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Scenario 2
Fig. 1 The distribution of CoMP UEs
3.3 1x2 Configuration
3.3.1 Throughput results using ideal channel estimation

Table 2 System evaluation results for 1x2 with ideal channel estimation 
	1x2, ideal channel estimation
	Cell Average throughput improvement over Baseline (non-CoMP)
	Cell Edge throughput improvement over Baseline (non-CoMP)

	CoMP, Scenario1
	3.85%
	4.47%

	CoMP, Scenario2
	4.81%
	11.32%


3.3.2 Throughput results using practical channel estimation

Table 3 System evaluation results for 1x2 with practical channel estimation 
	1x2, practical channel estimation
	Cell Average throughput improvement over Baseline (non-CoMP)
	Cell Edge throughput improvement over Baseline (non-CoMP)

	CoMP, Scenario1
	3.20%
	9.08%

	CoMP, Scenario2
	4.07%
	12.36%


3.4 1x4 Configuration
3.4.1 Throughput results using ideal channel estimation

Table 4 System evaluation results for 1x4 with ideal channel estimation 
	1x4, ideal channel estimation
	Cell Average throughput improvement over Baseline (non-CoMP)
	Cell Edge throughput improvement over Baseline (non-CoMP)

	CoMP, Scenario1
	3.95%
	5.89%

	CoMP, Scenario2
	5.18%
	11.96%


3.4.2 Throughput results using practical channel estimation

Table 5 System evaluation results for 1x4 with practical channel estimation 
	1x4, practical channel estimation
	Cell Average throughput improvement over Baseline (non-CoMP)
	Cell Edge throughput improvement over Baseline (non-CoMP)

	CoMP, Scenario1
	3.13%
	2.69%

	CoMP, Scenario2
	4.40%
	7.82%


Observation:

· Performance gain with UL CoMP is no more than 6% for cell-average throughput and no more than 13% for cell edge throughput, using a simple receiver and the current design for UL transmission in Rel-10.
4 Performance improvement with interference cancellation
From the results above, the performance gain with UL CoMP is quite limited when a simple receiver is implemented. In the following, the performance using IC is provided. Note that since IC modeling has not been determined for UL CoMP, ideal IC is considered in the section. The results below can be regarded as the upper bound for UL CoMP.
Table 6 System evaluation results for 1x2 with ideal channel estimation and ideal IC
	1x2, ideal channel estimation, ideal IC
	Cell Average throughput improvement over Baseline (non-CoMP)
	Cell Edge throughput improvement over Baseline (non-CoMP)

	CoMP, Scenario1
	10.34%
	12.84%

	CoMP, Scenario2
	13.15%
	20.56%


Table 7 System evaluation results for 1x2 with practical channel estimation and ideal IC
	1x2, practical channel estimation, ideal IC
	Cell Average throughput improvement over Baseline (non-CoMP)
	Cell Edge throughput improvement over Baseline (non-CoMP)

	CoMP, Scenario1
	10.29%
	15.86%

	CoMP, Scenario2
	13.49%
	25.55%


Observation:

· IC technique can provide additional performance gain. When ideal IC is assumed, the performance gain can achieve 13% for cell-average throughput and 25% for cell edge throughput for UL CoMP.
5 Performance improvement with larger threshold for cell selection
The previous evaluation used 6dB as the RSRP threshold for cooperative cell selection. This section provides results in Scenario 2 with several higher threshold values. 
Table 8 System evaluation results for 1x2 with ideal channel estimation, ideal IC and larger cell selection threshold for Scenario 2
	1x2, ideal channel estimation, ideal IC
	Cell Average throughput improvement over Baseline (non-CoMP)
	Cell Edge throughput improvement over Baseline (non-CoMP)

	CoMP, Scenario2 (Th*=6dB)
	13.15%
	20.56%

	CoMP, Scenario2 (Th=12dB)
	20.05%
	37.70%

	CoMP, Scenario2 (Th=infinity, all UEs are CoMP UEs)
	28.79%
	56.91%


* “Th” denotes RSRP threshold for cooperative cell selection 
Observation:

· Performance gain with UL CoMP can achieve 28% for cell-average throughput and 56% for cell edge throughput when the threshold for cooperative cell selection is larger. 
6 Summary
This contribution provides simulation results of uplink CoMP with both ideal channel estimation and practical estimation. The system throughputs with ideal IC technique and various thresholds for cooperative cell selection are also presented.
Observations: 

· Performance gain with UL CoMP is no more than 6% for cell-average throughput and no more than 13% for cell edge throughput, using a simple receiver and the current design for UL transmission in Rel-10.

· IC technique can provide additional performance gain. When ideal IC is assumed, the performance gain can achieve 13% for cell-average throughput and 25% for cell edge throughput for UL CoMP.
· Performance gain with UL CoMP can achieve 28% for cell-average throughput and 56% for cell edge throughput when the threshold for cooperative cell selection is larger. 
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