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1 Introduction
This contribution provides further simulation results of uplink CoMP Scenario 2 for the phase 1 evaluation.
2 Simulation assumptions
The simulation assumptions in the contribution are listed below in Table 1, based on the agreed system simulation parameters for UL CoMP Evaluation in [1].
Table 1 Simulation parameters and assumptions 
	Parameters
	Values used for evaluation

	Deployment scenarios
	1. 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
	2

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

	Link adaptation 
	Ideal (i.e., assumes that interference covariance is perfectly known for MCS selection)

	Placing of UEs
	Uniform distribution for homogeneous networks

	Scheduler
	Channel dependent Proportional Fair, cell independent scheduling

	Traffic model
	Full buffer 

	HARQ
	CC, Maximum 4 transmission 

	UL power control
	P0 = -60, α = 0.6

	UL receiver type
	MMSE-IRC (multi-cell MU-MIMO receive processing for CoMP users within the CoMP cluster)

	UL overhead assumption
	Demodulation RS ( 2 Symbols per subframe ); 
Sounding RS 10 ms period; 
PUCCH, 4/50 RBs

	Maximum cooperative cells
	9 cells for scenario 2;
3 cells for scenario 1

	Cooperative cell selection
	Fixed

	Intercell interference modelling
	Explicit


3 
Basic evaluation results

Exending the results presented in [5], further evaluation results of UL CoMP for Scenario 2 as well as Scenario 1 are shown in Tables 1 and 2. The performance of single-cell single-user transmission without UL CoMP is shown as a benchmark for comparison.  
Table 1 System evaluation results for 1x2 CoMP Scenario 2 with ideal channel estimation 

	Schemes
	IoT(dB)

	Avg. spectrum efficiency
	cell edge spectrum efficiency
	Jain's Index
	Avg. gain
	Edge gain

	Single cell
	6.7951
	1.7694
	0.05822
	0.8573
	
	

	Scenario 2
	3.3109
	2.3261
	0.09658
	0.9029
	31%
	66%


Table 2 System evaluation results for 1x2 CoMP Scenario 1 with ideal channel estimation
	Schemes
	IoT(dB)1
	Avg. spectrum efficiency
	cell edge spectrum efficiency
	Jain's Index
	Avg. gain
	Edge gain

	Single cell
	6.7951
	1.7694
	0.05822
	0.8573
	
	

	Scenario 1
	4.2188
	2.1631
	0.0822
	0.8873
	22%
	41%


Observation:

· Under these assumptions, the performance gain with UL CoMP is significant compared with single cell processing. With ideal channel estimation and joint linear MMSE-IRC receiver, up to 31% average throughput gain and 66% edge throughput gain could be achieved.
4 Summary
This contribution provides 1x2 UL CoMP simulation evaluations with ideal channel estimation and ideal link adaptation for Scenario 1 and Scenario 2. 
We observe that: 

· Up to 31% average throughput gain and 66% edge throughput gain could be achieved by using UL CoMP with ideal channel estimation, compared with single-cell single-user transmission.
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Appendix
The ITU evaluation guidelines [3] state that an IoT (Interference over Thermal noise) measurement should reflect the averaged ‘effective’ interference observed, as explained in detail in [4]. For UL CoMP, the UL transmissions received in the neighbouring cells, which in the absence of CoMP were considered as inter-cell interference, are now incorporated as part of the received signals for MIMO decoding by some of cells in the cooperative set. 
The co-channel interference in the IoT calculation will depend on the CoMP scheme. For CoMP with coordinated scheduling or coordinated beamforming, the co-channel interference includes inter-cell interference from all neighbouring cells, which includes cell both inside and outside the cooperating set. The inter-cell interference from the cells in the cooperating set is suppressed through coordination in the CoMP CS/CB schemes. For CoMP with joint processing , the co-channel interference only accounts for inter-cell interference from cells outside the cooperating set. The effective IoT computations therefore need to reflect the specific CoMP scheme employed. 
For UL CoMP JP, the UL received signals from cells in the cooperating set are forwarded to the serving cell. The combined received signals from L cells in the cooperating set could be represented as follows, 
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 denotes the matrix of channel coefficients from the UE to the cells in the cooperating set and 
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 denote the channels from other UEs in the cooperating set sharing the same radio resource and from UEs not in the cooperating set, respectively. 
To simplify the description in remainder of the document, we use 
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 to denote the sum of signals from UEs within the CoMP cooperating set, which is considered as cross-antenna interference from multiple users in the MIMO decoding. 
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 is the sum of signals from cells outside the CoMP cooperating set. Using a linear receiver with weights 
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 for users within the serving cell, the processed signal could be represented as follows, 
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                                    LISTNUM eq \l 4 
The effective SINR can be derived from this equation. Similarly, the effective SNR can be derived by removing the co-channel interference, so that the equation for effective SNR calculation can be written as follows: 
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                                                   LISTNUM eq \l 4 
Therefore, the effective IoT on each cell can be defined as the ratio of the effective SNReff to the effective SINReff:
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  LISTNUM eq \l 4 
Apart from JP CoMP with linear equalization scheme, this effective IoT calculation could be further extended to non-linear receivers and combining schemes, such as inter-site SIC and soft-bit based multi-point combining. With this kind of combining scheme, the post-combining effective SINR is derived based on the specific CoMP JP scheme. The effective IoT for CoMP depends on the selection of the CoMP scheme. The physical meaning and value range of the effective IoT therefore provides useful information along with the selected CoMP scheme to enable performance evaluation and comparison between different proposals.  
� The IoT values are given for background information only. It should be noted that for UL CoMP, the method of computing effective IoT is modified to take into account whether the “interfering” cells are in the cooperating set or not, depending on the CoMP scheme. Full details of the IoT derivation used here are given in the Appendix. In summary:


All co-channel interference need to be counted into measurement of effective IoT. 


The SINR after CoMP processing and SNR without interference are adopted to calculate the effective IoT for the corresponding serving cell.





�moved to a footnote
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