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1. Introduction
Coordinate Multipoint transmission and reception (CoMP) has been widely studied through LTE-A Study Item. A dedicated CoMP Study Item has been approved at RAN#47, to start in June 2010, but was kept on hold for the remaining part of Rel-10. It was agreed at the RAN#50 meeting that discussion on Rel-11 study items regarding CoMP would begin from RAN1 #63bis meeting. After last meeting, RAN 1 has reached some consensus on the simulation assumption [1] and CoMP scenarios priority, and decided to start on scenario 2 “Homogeneous network with high Tx power RRHs”.
Two modes of operation are introduced within CoMP joint processing category [2], that is, CoMP can serve a single UE in the CoMP-SU-MIMO mode, or CoMP can serve multiple UEs simultaneously in the CoMP-MU-MIMO.  In this contribution, a system-level simulation of CoMP SU-MIMO in scenario 2 is presented as an example to show the performance of downlink CoMP joint transmission. The evaluation results support that downlink CoMP would help to increase the cell-edge user throughput. Moreover, it is observed that the not only 5% cell-edge UE’s throughput is improved, but also the homogeneity of the user throughput by applying CoMP for cell-edge UEs. 
2. CoMP SU-MIMO System Model
2.1. Coordinating set

According to [1], the central entity can coordinate 9 cells as a baseline and these cells comprise a coordinating cluster, as shown in Figure 1. In the CoMP SU-MIMO mode, the cells within the cluster could serve the target UE simultaneously. However, forcing all the cells within the cluster to serve a single UE may lead to bad utilization of the system resource and reduce the system throughput. To be specific, with high probability, only one or two cells cause a severe interference to the target UE. Therefore, we choose one cell within the coordination cluster to comprise a coordinating set with serving cell to operate CoMP. This coordinating set can be viewed as the basic unit of the CoMP SU-MIMO system where the cell-edge UEs within each set are jointly processed by these two cells. 
[image: image1.emf]
Figure1: Layout of 9 Cells per Coordinating Cluster [1]
2.2. CoMP UEs
CoMP operation is especially beneficial for cell-edge UEs while may be harmful for cell-center UEs. Therefore, we only operate CoMP for cell-edge UEs. The definition of cell-edge UEs, which are so called “CoMP UEs”, can be made based on the difference of received signal power between the serving cell and interfering cell. For example, a threshold on the difference of received signal power can be used to define CoMP UEs. That is, a UE is a CoMP UE if and only if
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where 
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 is a predetermined threshold. 
3. Simulation Results and Analysis
Application of RRH is effective in coordinating geographically separate cells with negligible coordination latency [3]. Therefore, the latency of backhaul in simulations can be negligible, and both data and channel information are shared among cells. 
Reference case is a non-CoMP case with R8 codebook-based precoding, which means one UE is only served by one cell. Here we evaluate joint transmission mode for CoMP operation. Data to single UE is simultaneously transmitted from the cells of coordinating set. The predetermined threshold 
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is set to 6dB. That is, a UE is treated as a CoMP UE when the difference of received signal power between the serving cell and interfering cell is less than 6 dB.

System level simulation assumptions are listed as follows:
Table 1 Simulation Assumption
	Parameter
	Assumption

	Inter-site distance
	500m

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Channel model
	Spatial Channel Model (SCM)

	UE speeds of interest
	3Km/h

	Number of antenna elements (BS, UE)
	(2, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(0.5, 0.5) 

	Precoder
	R8 codebook

	Traffic model
	Full buffer

	Subband size
	5 RBs

	Feedback scheme
	CQI PMI per subband 
5ms periodicity, 
6ms delay total (measurement in subframe n is used in subframe n+6)

	Scheduler
	Proportional Fair

	HARQ
	Chas-combining;

Maximum 3 transmission times

	Receiver algorithm
	MMSE


From simulation results, There are about 14% UEs served by two coordinating cells with CoMP JT. The simulation results are shown in Table 2. The results are compared with the baseline approach of single cell SU-MIMO operation. Although there is minor improvement on cell spectral efficiency, which is only about 3%, we can see that CoMP SU-MIMO JT system can bring significant gain on cell edge UE spectral efficiency about 26%. It seems that CoMP SU-MIMO JT is more beneficial for cell-edge UE spectral efficiency. In addition to the cell spectral efficiency and cell-edge spectral efficiency, it also brings gain on Jain index. That is, CoMP SU-MIMO JT also assesses the improvement on the homogeneity of the user throughput. More simulation results details are shown in Appendix.
Table 2 system level simulation results for SU-MIMO and SU-MIMO CoMP JT
	
	Cell average SE   (bps/Hz)
	5% UE SE      (bps/Hz)
	50% UE SE (bps/Hz)
	Jain index
	CoMP UE percentage

	SU-MIMO (reference case) 
	2.344
	0.0674
	0.1288
	0.719
	-

	CoMP JT 
	2.412
	0.0846
	0.141
	0.804
	14%

	Gain 
	2.9% 
	25.5% 
	9.4% 
	11% 
	-


4. Conclusions
In this contribution, a system-level simulation of CoMP SU-MIMO in scenario 2 is given to show the performance of downlink CoMP SU-MIMO joint transmission. The evaluation results show that CoMP SU-MIMO JT is more beneficial for cell-edge UE spectral efficiency. Moreover, it also assesses the improvement on the homogeneity of the user throughput.
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Appendix A: Simulation results details
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Figure A1: Normalized throughput CDF of SU-MIMO and SU-MIMO with CoMP 
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