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1. Introduction
At the 3GPP RAN #50 meeting, a revised coordinated multi-point (CoMP) study item was agreed upon for Rel.11 [1], and the scenarios for CoMP investigation were  extended further compared to the CoMP study item in Rel. 10. At the RAN1 #63bis meeting, two research phases for the investigation of CoMP [2] were agreed upon, and homogeneous and heterogeneous networks will be the focus in phase 1 and phase 2, respectively. Furthermore, the CoMP simulation assumptions [3] were discussed during the RAN1 #63bis meeting, and were updated and approved in the subsequent E-mail discussion.

This contribution shows our preliminary system performance investigation on joint processing (JP) CoMP for research phase 1, i.e., a homogeneous network with high Tx power Remote Radio Heads (RRHs).
2. Assumptions for CoMP Evaluation

(1) Cell Deployment and Coordinating Cluster for CoMP
We assume the cell deployment in scenario 2, i.e., a homogeneous network with high Tx power RRHs. In addition, two sizes of the CoMP coordinating cluster are considered. 
· Coordinating cluster size of 3 cells
The corresponding coordination layout is illustrated in Fig. 1 [4], in which 3 adjacent cells with the same color comprise one CoMP coordinating cluster, and different clusters are non-overlapped and can be scheduled independently. 
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Fig. 1 – Coordinating cluster size of 3 cells 
· Coordinating cluster size of 57 cells

To investigate the CoMP performance potential, we further consider the coordinating cluster size of 57 cells in the simulation, i.e., the 57 cells can be controlled by a central scheduler. To reduce the computational complexity of joint scheduling within the 57 cells, a hybrid set selection scheme as described in [5] is employed in the evaluation. The network first defines two coordinating patterns as shown in Fig. 2, and in each pattern, only coordination of 3 adjacent cells for each UE is allowed as in Fig. 1. In the hybrid set selection scheme, each UE can select its preferred coordinating cluster from pattern A or B based on long-term interference measurements. In each subband, the central scheduler will compare the total (weighted) estimated throughput of the 57 cells with the assumption of using pattern A or pattern B, and select the one yielding better performance.
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(a) Coordinating cluster pattern A
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(b) Coordinating cluster pattern B


Fig. 2 – Coordinating cluster size of 57 cells
(2) Decision of Cell-Edge UE
In this contribution, CoMP transmission is only applied to cell-edge UEs. A cell-edge UE is determined based on comparison of the downlink average received power from multiple cells. More specifically, if the difference between the signal power from the best cell and that from other cells within the cluster is lower than a given threshold, the UE is determined to be a cell-edge UE. 
(3) UE Feedback
In this contribution, we assume that the cell-edge UEs employ feedback of both CoMP and non-CoMP (i.e., conventional single cell transmission), to support dynamic switching between CoMP and non-CoMP transmission [6], while the other UEs employ non-CoMP feedback only. In addition, we assume that the number of coordinated points is two for CoMP transmission and two CoMP schemes, joint transmission (JT) CoMP and dynamic cell selection (DCS), are utilized. More specifically, the CoMP feedback in the case of JT and DCS includes

· JT-CoMP
· Per-cell PMI using Rel-8 codebook [7]
· Inter-cell phase difference quantized by 2-bits codebook {1, -1, j, -j}
· CQI assuming JT-CoMP
· DCS
· Index of selected cell with the highest instantaneous SINR
· PMI and CQI of the selected cell
Note that DCS could be supported for JT-CoMP by including cell selection information to inter-cell phase information.
(4) Scheduling
When employing the coordinating cluster size of 3 cells, the cells within the same cluster are jointly scheduled, and each cluster is scheduled independently. More specifically, in each cluster, CoMP and non-CoMP transmission switching is allowed for cell-edge UEs, and exhaustive search is utilized to schedule the UE group and the corresponding transmission modes (CoMP or non-CoMP) to provide the highest total (weighted) estimated throughput. With the coordinating cluster size of 57 cells, in each subband, the central scheduler will compare the total (weighted) throughput of the 57 cells with the assumption of using either pattern A or pattern B as in Fig. 2, and select the one with better performance. When using either pattern, the same scheduling method as that for the coordinating cluster size of 3 cells is used.
3. Simulation Results
Table I gives the simulation parameters used in the evaluation. We assume that two OFDM symbols are used for the PDCCH, and the overhead for the common control channel is ignored. We also assume the use of cell-specific reference signal (CRS) of 2 antenna ports within a 4/10 non-MBSFN subframe and the density of the demodulation reference signal (DM-RS) is 12 REs/RB. We do not assume the impairments of JP-CoMP such as collision between CRS and PDSCH and different control regions. The overhead of the CSI-RS is ignored. In addition, the assumed traffic model is FTP traffic model 2 in TR36.814 [9]. The file size used in the evaluation is 0.005 Mbytes, and the average reading time is set to 0.18 sec. Under these traffic model parameters, the resource utilization (RU) of non-CoMP with SU-MIMO is approximatedly 0.50 and 0.40 with 2x2 and 4x2 antenna configurations, respectively. The receiver on the UE side is assumed to be the MMSE receiver in [10].
Table I – Simulation Parameters
	Carrier frequency
	2 GHz

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

	Inter-site distance (ISD)
	500 m

	Antenna pattern at eNode B 
(antenna gain)
	70-deg. sectored beam with tilt 
(14 dBi, etilt = 15 deg.)

	Subframe (TTI) length
	1 msec

	Transmission bandwidth 
	10 MHz

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 RBs)

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Transmission power of eNode B/ RRH
	46 dBm

	Control delay (scheduling, AMC)
	6 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)

64QAM (R = 3/5 - 4/5)

	Channel model
	SCM-UMa with high angular spread, 3km/h

	Antenna configuration 
	Cross-polarized antenna

eNB: 0.5 wave lengths 4Tx: XX
/ 2Tx: X  (+45/-45)
UE: 0.5 wave lengths 2Rx:  + (90/0)

	Rank adaptation
	Rank adaptation, and up to 2 for one UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Model 2 in 36.814

	Feedback interval
	10 TTIs

	Granularity of PMI and CQI feedback
	Mode 3-1: Wideband PMI, subband CQI

	Granularity of rank adaptation
	200 TTIs

	CoMP scheme 
	JT with SU-MIMO and DCS

	Coordinating cluster size
	3 cells and 57 cells

	Number of coordination points for CoMP transmission
	2

	Channel state information feedback 
	CoMP JT: Individual per-cell feedback +
 inter-cell phase difference
DCS: Index of preferred cell + single cell feedback 

	Channel estimation / CQI measurement
	Non-Ideal (DM-RS based) / Ideal

	UE receiver assumption
	MMSE

	Overhead of RS and PDCCH 
	PDCCH (2 symbols per subframe)

DM-RS (12 REs per PRB)

CRS (2 ports in 4/10 non-MBSFN subframes)

	Threshold for cell-edge UE decision
	3 dB

	Number of UEs per sector
	10

	Modelling of the out-of-coordinated area interference
	Realistic interference assuming precoding and scheduling in other cells

	Time/frequency synchronization impairments
	No

	
Feedback error

	No

	Antennas mis-calibration for DL Tx antennas with 0.5λ spacing
	No


Table II and Table III show the cell-edge user experience throughput at the 5% CDF and the average cell throughput assuming SU-MIMO and 2x2 and 4x2 antenna configurations, respectively. Compared to single cell transmission, all CoMP schemes can improve the cell-edge user experience throughput while almost the same cell average throughput is achieved. More specifically, with the coordinating cluster of 3 cells and a 2x2 antenna configuration, the cell-edge user experience throughput is increased by approximately 5.6% and 4.0% compared to single cell SU-MIMO by applying JT SU-MIMO and DCS, respectively. With increasing the coordinating cluster size to 57 cells, the cell edge user experience throughput gains could be further improved to 15.1% and 11.7% with JT SU-MIMO and DCS, respectively. Moreover, the JT SU-MIMO achieves higher cell edge user experience throughput than DCS due to full utilization of the transmission power of the coordinated cells. With a 4x2 antenna configuration, JT SU-MIMO and DCS with the coordinating cluster size of 3 cells could achieve approximately 4.2% and 2.0% higher cell-edge user experience throughput gains compared to that for single cell SU-MIMO. Furthermore, when the coordinating cluster size of 57 cells is utilized, the gain can be increased to 15.4% and 14.2% in terms of the cell-edge user experience throughput with JT SU-MIMO and DCS, respectively.
Table II – Comparison of 5% Cell-edge User Experience Throughput and Cell Average Throughput with 2x2 Antenna Configuration
	Coordinating cluster size
	Transmission scheme
	Cell average throughput (Mbps)
	5% Cell-edge user experience throughput (Mbps)

	1 Cell (single cell transmission)
	SU-MIMO
	5.69
	1.725

	3 Cells
	JT with SU-MIMO
	5.71(0.4%)
	1.821(5.6%)

	
	DCS 
	5.69(0.0%)
	1.794(4.0%)

	57 Cells
	JT with SU-MIMO
	5.72(0.5%)
	1.985(15.1%)

	
	DCS 
	5.70(0.2%)
	1.927(11.7%)


Table III – Comparison of 5% Cell-edge User Experience Throughput and Cell Average Throughput with 4x2 Antenna Configuration
	Coordinating cluster size
	Transmission scheme
	Cell average throughput (Mbps)
	5% Cell-edge user experience throughput (Mbps)

	1 Cell (single cell transmission)
	Single cell SU-MIMO
	5.88
	2.827

	3 Cells
	JT with SU-MIMO
	5.86(-0.3%)
	2.947(4.2%)

	
	DCS 
	5.89(0.2%)
	2.883(2.0%)

	57 Cells
	JT with SU-MIMO
	5.89(0.2%)
	3.262(15.4%)

	
	DCS 
	5.89(0.2%)
	3.227(14.2%)


4. Conclusions
This contribution showed our preliminary system performance investigation on JP-CoMP with SU-MIMO. The simulation results show the following. (Assuming FTP traffic model 2 in TR36.814 with the resource utilization of 0.5 (0.4) for 2x2 (4x2) SU-MIMO, 5 kbytes file size, and 0.18 sec average reading time)
· With the coordinating cluster size of 3 cells, JP-CoMP with SU-MIMO achieves a gain of approximately 2%-6% in terms of the cell-edge UE experience throughput compared to single cell SU-MIMO
· The CoMP performance gain can be further improved by increasing the CoMP coordinating cluster size. With the coordinating cluster size of 57 cells, the gain from JP-CoMP with SU-MIMO will be increased to approximately 12%-15% in terms of the cell-edge throughput compared to single cell SU-MIMO
· Compared to single cell SU-MIMO, JP-CoMP with SU-MIMO exhibits similar performance in terms of the average cell throughput
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