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1. Introduction

In this contribution, evaluation results are presented for downlink CoMP with JP (joint processing) and MU-MIMO and compared with single-cell MU-MIMO results according to Scenario 2 of the CoMP Simulation Assumptions contained in [1]. The evaluation results show that downlink CoMP has a significant gain especially for the cell-edge user spectral efficiency compared to single-cell MU-MIMO for the evaluated deployment scenario of Scenario 2.
2. Evaluated JP-CoMP Scheme
Coordinated multi-point processing (CoMP) is one of the techniques that can improve the coverage and cell-edge user spectral efficiency in wireless systems by utilizing cooperation among multiple cells. Several different schemes have been proposed for CoMP which can be generally divided into two categories: Joint processing (JP) in which data is shared among multiple cells for joint transmission to one or multiple UEs simultaneously, and coordinated scheduling/beamforming (CS/CB) in which coordination of scheduling decisions and transmit beam selection among multiple cells is used to reduce inter-cell interference.

In this contribution, we focus on JP for downlink CoMP and apply zero forcing beamforming (ZFBF) [2][3]. Following the assumptions of Scenario 2 in [1], a homogeneous network with adaptive SU/MU-MIMO and JP-CoMP transmission is considered for the full-buffer traffic model. We consider rank-1 transmission for both SU-MIMO and MU-MIMO transmission. The cell layout for the simulations is assumed to be a hexagonal grid with 19 eNBs and 3 cells per each site with wrap-around as shown in Figure 1. UEs are considered to be uniformly distributed across all 57 cells.  
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Figure 1: Cell layout for Scenario 2 according to [1]
The CoMP measurement set is assumed to be UE-specific and consists of the serving cell and up to eight potential cooperating cells as shown in Figure 1. Each UE makes the decision about a cell being in its CoMP measurement set by computing the difference between the path loss from that cell and the serving cell and comparing it with a threshold.
Each UE reports to its serving cell the preferred subband-specific PMI which is filtered by the long-term signal covariance matrix for both serving and cooperating cells. The long-term covariance matrix is quantized and fed back to the serving cell every 50 ms. In addition to that, each UE reports the single-cell CQI for its serving cell as well as the CQI for each cooperating cell assuming the channel of the cooperating cell as the useful signal. More precisely, the CQI for UE ‘k’ from cooperating eNB ‘c’ corresponds to the SINR value 
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 is the signal power received by UE ‘k’ from cooperating eNB ‘[image: image7.png]


’ when there is no cooperation (single-cell CQI assumption) and [image: image9.png]


 is the interference at UE ‘k’ from all sources other than eNB ‘[image: image11.png]


’. In the above equations, [image: image13.png]H.
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 stand for the channel matrix and precoding vector from eNB ‘c’ to UE ‘k’, respectively, and [image: image17.png]


 is the noise variance.
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Figure 2: JP-CoMP transmitter-receiver model

Regarding the system model, each eNB is assumed to be equipped with [image: image20.png]


 transmit antennas and each UE has [image: image22.png]


  receive antennas. We consider joint transmission from [image: image24.png]
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 UEs where the UEs can be from same cell or different cells. As illustrated in Figure 2, this system will be equivalent to a [image: image28.png]Cn, Xn,



  MU-MIMO system with [image: image30.png]


 UEs. 
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 channel matrix for each UE ‘k’ can be written as
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 be the compound beamforming vector used for transmission to UE ‘k’. In order to mitigate the interference from other UEs to this UE, we need to have  [image: image38.png]
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. By stacking the channels matrices of all other UEs in a CoMP set, we can define 
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Then, the interference cancellation requirement can be written as [image: image44.png]HV, =0
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 is the solution for this equation when it is equal to the normalized k-th column of the pseudo-inverse of [image: image48.png]


. 

After computing the ZFBF matrix of the CoMP set, the CQI for each UE is updated by considering the MU interference and taking into account the mismatch between the reported precoding vector by each UE and the actual transmission beamforming vector for this UE. More precisely, the adjusted CQI is computed as
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 is the size of the cooperating set for UE ‘[image: image53.png]
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 is the correlation coefficient between the reported precoding vector by the UE and the actual precoding vector that is used for signal transmission to UE ‘[image: image57.png]
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’, and SINRc,k is defined in (1).
An example of such a system is illustrated in Figure 3 where eNB1 and eNB2 serve their own users, UE2 and UE4, respectively, and also cooperate to serve UE3. 
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Figure 3: JP-CoMP system
3. Evaluation Results

In this section, the evaluation results are presented for downlink JP-CoMP with MU-MIMO and compared with single-cell MU-MIMO according to Scenario 2 of the CoMP Simulation Assumptions [1]. The summary of the system-level simulation parameters used in the simulations are given in Table 2 of the Appendix. 
Table 1: System performance for different schemes

	
	Cell spectral efficiency 

(b/s/Hz)
	Cell-edge user spectral efficiency (b/s/Hz/user)

	Rel-10 MU-MIMO
	2.90
	0.089

	JP-CoMP (Scenario 2)
	3.05
	0.118


According to the results of Table 1, JP-CoMP offers approximately 5% cell spectral efficiency and 32% cell-edge user spectral efficiency gain over Rel-10 single-cell MU-MIMO, i.e., JP-CoMP enables significant gains especially for the cell-edge users in the network who benefit from the coordination of eNBs belonging to the same CoMP set. 
4. Conclusion
In this contribution, evaluation results are presented for downlink JP-CoMP with MU-MIMO and compared with single-cell MU-MIMO according to Scenario 2 of the Rel-11 CoMP SI Simulation Assumptions. The evaluation results show that JP-CoMP offers gains for both cell and cell-edge user spectral efficiencies compared to Rel-10 single-cell MU-MIMO, with the cell-edge user spectral efficiency gain being higher than 30% for the evaluated scenario.
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Appendix: Summary of System-Level Simulation Parameters
Table 2 Simulation Assumptions

	Parameters
	Assumption

	Channel model
	3GPP Case 1 with 3D antenna pattern

SCM-UMa (15 degrees angular spread)

	System BW
	FDD, 10MHz (50 RBs)

	Carrier frequency
	2 GHz

	Downlink transmit power
	46 dBm

	Number of UEcells
	57

	Number of UEs
	10 per cell (570 total) 

	Number of antennas at UE
	2

	Number of antennas at cell
	4

	Power threshold for CoMP set selection
	10 dB

	Antenna configuration at UE
	Co-polarized antennas

	Antenna configuration at eNB
	Co-polarized (0.5
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spacing)

	Outer-loop for target FER control
	10% FER for 1st HARQ transmission

	Link adaptation
	MCSs based on LTE transport formats according to TR 36.213

	HARQ scheme
	Chase combining

	DL overhead
	3 for PDCCH

	Scheduler
	Greedy + Proportional fair for CoMP

	UE speed
	3km/h

	Scheduling granularity
	5 RB subband

	Traffic model
	Full buffer

	Rank per UE
	1

	Maximum of MU-MIMO UEs per cell
	2

	Receiver type
	MMSE-IRC 

	Channel estimation 
	Based on CSI-RS for link adaptation and DMRS for demodulation

	Feedback mode
	Subband PMI filtered by long-term signal covariance matrix, subband CQI, phase correction in the case of cooperation quantized with 2 bits

	Feedback periodicity
	5 ms

	Feedback delay
	6 ms

	Codebook for PMI feedback
	4-bit LTE codebook

	Phase corrector among CoMP cell ( in JP case )
	Quantized with 2 bits

	Beamforming
	ZFBF 
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