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1. Introduction

During RAN1#59bis meeting, it was agreed that
· For Rel-10, any DL CoMP scheme will not include any new standardized X2 interface communication for support of multi-vendor inter-eNB CoMP
In order to confirm benefits of intra-eNodeB CoMP, simulation assumptions were discussed and agreed in [1]. In this contribution, we provide evaluation results of intra-eNodeB CoMP according to assumptions listed in [1].
2. Performance Evaluation
2.1. MU-MIMO with intra-eNodeB CS/CB
System description
Since intra-eNodeB coordination is set as the baseline, the coordination area is configured to consist of three co-located cells. As shown in Figure 1, cells controlled by the same eNodeB constitute a cell group. Cells in a group coordinate the scheduling / beamforming decisions in the group. 
Scheduling and UE pairing

An iterative scheduling algorithm is conducted:
· Cell 0 updates its scheduling decisions based on the scheduling decisions of the other two cells, and the decision results are then delivered to scheduler of the other two cells;
· Cell 1 receives the scheduling decision of Cell 0, and then updates its scheduling decision based on the scheduling decisions of the other two cells, with updated decisions of Cell 0, and the decision results are then delivered to other two cells;
· ……

· After all cells have already updated their decision results, a new iteration begins from Cell 0.
The delivered decisions results include resource allocation information and transmit beamforming weight. While calculating transmit beamforming weight, interference toward tentatively scheduled UEs in other two cells is controlled by maximizing the signal to leakage plus noise ratio (SLNR). Within each cell, maximum 2 UEs can be scheduled simultaneously on the same resource. All UEs are fixed to single layer transmission. We find out that, performance improves little with more than 4 iterations, and hence, the maximum number iterations is 4 in the simulation
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Figure 1: Illustration of MU-MIMO with intra-eNodeB CS/CB
Channel state information
We assume that eNodeB acquires channel state information via uplink SRS signal. SRS signal is sent with a period of 5ms. CSI obtained from SRS is used with 5ms delay. Ideal channel estimation and ideal channel reciprocity are assumed.
Overhead calculation
· 3 OFDM symbols for DL CCHs
· CRS for antenna ports 0-3
· 12REs/PRB for DM-RS.
Evaluations results
Performance of MU-MIMO with intra-eNodeB CS/CB is summarized and presented in Table 1 and Table 2. For purpose of comparison, we also gives the result of system-wide (57 cells) coordination.
Table 1: Results of MU-MIMO with intra-eNodeB CS/CB evaluation, 4x2, cross-polarized, 10UE/cell
	
	Cell average spectrum efficiency [bps/Hz]
	5% cell edge throughput [bps/Hz/user]

	
	Value
	Gain over MU-MIMO
	Value
	Gain over MU-MIMO

	Single cell MU-MIMO
	2.95
	0%
	0.120
	0%

	Intra-eNodeB CS/CB
	3.19
	7.82%
	0.132
	11.0%

	System-wide CS/CB
	3.26
	10.4%
	0.144
	20.0%


Table 2: Results of MU-MIMO with intra-eNodeB CS/CB evaluation, 4x2, co-polarized, 10UE/cell
	
	Cell average spectrum efficiency [bps/Hz]
	5% cell edge throughput [bps/Hz/user]

	
	Value
	Gain over MU-MIMO
	Value
	Gain over MU-MIMO

	Single cell MU-MIMO
	3.47
	0%
	0.155
	0%

	Intra-eNodeB CS/CB
	3.71
	6.93%
	0.158
	1.86%

	System-wide CS/CB
	3.81
	9.70%
	0.178
	15.9%


Several observations can be made from the evaluation results:

· For both cross-polarized and co-polarized antennas, system-wide coordination provides 10% gains on cell average spectrum efficiency and 15%~20% gain on cell edge throughput.
· Intra-eNodeB coordination provides about 10% gain for cross-polarized antennas, and marginal gain for co-polarized antennas.

· Compared with system-wide coordination, gain of intra-eNodeB coordination is lower, since co-located cells are not always strong interfering cells.
2.2. MU-MIMO with intra-eNodeB JP-CoMP
System description

The coordination area is also configured to consist of three co-located cells. As shown in Figure 2, cells controlled by the same eNodeB constitute a cell group. All the UEs in the system are served by a cell group. Specifically, a UE is served by the group that contains its serving cell.
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Figure 2: Illustration of MU-MIMO with intra-eNodeB JP-CoMP
Scheduling and UE pairing
Within each cell group, a resource block will be allocated to multiple UEs belonging to the same cell group. Single layer transmission is assumed for each UE, and maximum 6 UEs can be served simultaneously on a resource block.
Preprocessing

A simple Block Diagonalization (BD) algorithm is implemented to mitigate inter-user interference. The basic idea behind BD algorithm is that a UE’s precoding matrix is designed to be orthogonal to all of its companion UEs’ channels. Theoretically, inter-user interference can be eliminated. In practice, the interference may not be mitigated completely due to channel estimation errors and channel variations in time and frequency domain. After BD algorithm, eigen-beamforming (BD+SVD) is used to further improve the performance.
Channel state information
Assumption for channel state information is the same as that in the evaluation of CS/CB. 
Overhead calculation
· 3 OFDM symbols for DL CCHs
· CRS for antenna ports 0-3
· 12REs/PRB for DM-RS
Evaluation results

Performance of MU-MIMO JP-CoMP is summarized and presented in Table 3 and Table 4.
Table 3: Results of MU-MIMO JP-CoMP evaluation, 4x2, cross-polarized, 10UE/cell
	
	Cell average spectrum efficiency [bps/Hz]
	5% cell edge throughput [bps/Hz/user]

	
	Value
	Gain over MU-MIMO
	Value
	Gain over MU-MIMO

	Single cell MU-MIMO
	2.95
	0%
	0.120
	0%

	JP-CoMP
	3.50
	18.6%
	0.139
	15.2%


Table 4: Results of MU-MIMO JP-CoMP evaluation, 4x2, co-polarized, 10UE/cell
	
	Cell average spectrum efficiency [bps/Hz]
	5% cell edge throughput [bps/Hz/user]

	
	Value
	Gain over MU-MIMO
	Value
	Gain over MU-MIMO

	Single cell MU-MIMO
	3.47
	0%
	0.155
	0%

	JP-CoMP
	3.91
	12.7%
	0.158
	2.48%


Several observations can be made from the evaluation results:

· For cross-polarized antennas, intra-eNodeB JP-CoMP provides 18% gain on cell average spectrum efficiency, and 15% gain on cell edge throughput;
· For co-polarized antennas, intra-eNodeB JP-CoMP provides 12% gain on cell average spectrum efficiency, and marginal gain on cell edge throughput;

· Non-ideal factors, such as channel estimation error (measurement and demodulation) may further degrade the performance of JP-CoMP.
3. Discussion and Conclusions
In this contribution, the performance of intra-eNodeB CS/CB and JP-CoMP are evaluated based on the discussion in RAN1#59bis meeting. The evaluation results show that both CS/CB and JP-CoMP can provide apparent gain under certain conditions, such as ideal channel state information; however, the performance under realistic situation still needs further study.
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5. Appendix
The assumptions of system-level evaluation are summarized in Table 5.
Table 5: System-level simulation assumptions

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Simulation scenarios
	3GPP Case1-3D

	Inter-site distance
	500m

	Users per cell
	10

	Channel model
	SCM-Uma

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	 SHAPE  \* MERGEFORMAT 




	Users dropped uniformly in entire cell
	 SHAPE  \* MERGEFORMAT 




	Minimum distance between UE and cell
	>= 35 meters

	BS antenna configuration
	4, cross-polarized or co-polarized, 0.5 wavelength

	UE antenna configuration
	2, cross-polarized or co-polarized, 0.5 wavelength

	Antenna pattern
	Follow 36.814 

	Noise figure at UE
	9dB

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Shadowing standard deviation
	8dB

	Penetration loss
	20dB

	Bandwidth
	10MHz

	Carrier frequency
	2GHz

	UE speed
	3km/h

	Subcarrier spacing
	15kHz

	Channel estimation for demodulation
	Ideal

	Receiver processing
	MMSE-IRC

	Link to system
	EESM

	eNodeB Tx power
	46dBm

	BS antenna gain plus cable loss
	14 dBi 

	Service type
	Full buffer

	HARQ
	Asynchronous adaptive

	Maximum number of retransmission
	4
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