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1 Introduction
In 3GPP’s ITU-R submission for IMT-Advanced (IMT-A), coordinated multipoint (CoMP) transmission is listed as one of the enabling technologies for LTE-A [1]. In 3GPP RAN #50 meeting, a revised CoMP study item is agreed for Rel-11 [2]. In 3GPP RAN1 #63bis, CoMP study item was initiated. Some high level views were discussed and evaluation methodology was defined [3]. 

The schedule for CoMP evaluation is specified as follows

· Phase 1 

· Homogeneous network with high Tx power RRHs 

· Starts now

· Aim to conclude in RAN1#65

· Phase 2

· “Heterogeneous network with low power RRHs within the macrocell coverage”, and “network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell”

· Starts after RAN1#64

In the chairman’s notes, the following issues should be investigated for #64 meeting

· Initial evaluation results for Phase 1

· Further details of scenarios, especially for Scenario 4

· Proposals for backhaul constraint modelling (latency, capacity)

In this contribution, we address the first bullet and provide some preliminary evaluation results for CoMP JP based on the MMSE receiver specified in [4].
2 CoMP JP Operation
In this section, we will describe the overall CoMP JP operation and show the preliminary system level simulation results for CoMP JP.

2.1 Simulation Environment

The following parameters are used for system evaluation:

· Deployment scenarios: we focus on homogeneous network where altogether 9 cells are coordinated together for performing CoMP JP operation as suggested in Figure 1. 
[image: image1.emf]
Figure 1: Cell layout and CoMP Measurement Set
In Figure 1, the CoMP measurement set is set to include the cells with the same colour. However, within each CoMP measurement set, the CoMP reporting set is UE-specific. 
· Simulation case: 3GPP Case 1 (Urban Macro)
· RRH Tx power: 46 dBm
· Number of UEs per cell: 10 UEs with full buffer traffic model
· System bandwidth: 10 MHz
· Possible DL transmission schemes: SU/MU-MIMO, SU/MU-MIMO CoMP JP
· Antenna configuration at eNB: 4 Tx (2 columns, cross-polarized on each column, closely-spaced: X X)
· Antenna pattern: 8 degrees angle spread and 15 degrees down-tilting
· Feedback mechanism: PMI for each cell with inter-channel phase information
· UE receiver: mandatory MMSE 

· System overhead: 3 OFDM symbols for PDCCH, 2 CRS as well as 2 DRS ports (5/14)
2.2 CoMP JP Operation

In this section, we will describe the CoMP JP operation. 

2.2.1 CoMP reporting set 

For each UE, a cell-specific CoMP measurement set is uniquely determined by the cell layout (9-cell CoMP measurement set). In our simulation, the determination of CoMP report set is UE-specific and is based on the RSRP measurement from each cell. To be specific, a cell (non-serving cell) is in the CoMP reporting set only if the RSRP of the corresponding cell is within α offset of that of the serving cell. To be specific, for a particular UE, assuming RSRP0 is the RSRP of the serving cell, then we have the following relationship:
Cell i ( CoMP reporting set, if and only if RSRPi ( RSRP0 – α.
That is, the CoMP reporting set is semi-statically configured by eNB. In the system level evaluation, α is chose to be 3 dB as suggested in [5].
2.2.2 UE feedback and Scheduling
In the simulation, UE is feeding back the following information according to the size of the CoMP reporting set:

· If size of CoMP reporting set  == 1,
· UE feeds back single-cell PMI/CQI/RI;
· If size of CoMP reporting set  >  1,

· UE feeds back multi-cell PMI/CQI/RI.
For multi-cell PMI/CQI/RI feedback, the following approach/scheme is used:
· Rank 1 hypothesis (see Figure 2), 
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Figure 2: CoMP JP Rank 1 transmission
· PMI feedback: UE feeds back single-cell PMI for each cell as well as inter-cell phase information (quantized to 2 bits). For the example shown in Figure 2, UE1 feeds back PMI1 (w1) for Cell 1, PMI2 (w2) for Cell 2 as well as the 2-bit quantized phase information (. 

· CQI feedback: UE feeds back a multi-cell rank 1 CQI based on 
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· High rank hypothesis (see Figure 3),
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Figure 3: CoMP JP Rank 2 transmission
· PMI feedback: UE feeds back single-cell PMI for each cell. For the example shown in Figure 3, UE feeds back PMI1 (w1) for Cell 1 and PMI2 (w2) for Cell 2 based on joint optimization of the PMIs.
· CQI feedback: UE feeds back multi-cell high rank CQI based on the hypothesis that different streams will be sent from different cells.  For the example shown in Figure 3, rank 2 multi-cell CQI is computed based on
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Multi-cell proportional scheduling [6] is used to balance the cell-edge user throughput as well as the average user throughput. The scheduler will optimize over the generalized proportional fair metric for a 2-cell CoMP system by comparing 2-cell CoMP proportional fair metric to the sum of the single-cell proportional fair metric. By doing this, the following transmission schemes are dynamic switched:
· Single-Cell SU/MU-MIMO

· SU/MU-MIMO with intra-eNB JP-CoMP (9-cell cell specific CoMP measurement set)
Note that the proposed scheduler is proven to be optimal in the 2-cell CoMP system, however, for a general N-cell CoMP system (N > 2), it is highly non-optimal. 

2.3 Simulation Results

Preliminary system level simulation result is shown in the following table.
Table 1: Performance Comparison: Single-Cell Operation and Multi-Cell Operation

	
	Average User Throughput (bps/Hz)
	Gain
	Cell-edge User

Throughput (bps/Hz)
	Gain

	Single-cell Operation
	1.7009
	0
	0.047
	0

	Multi-cell Operation
(9-Cell CoMP JP)
	1.7255
	1.5%
	0.054
	14.89%


Note that in the system level evaluation, we assume that 

· only rank 1 CoMP JP is performed;

· the MMSE receiver structure is taken into account for MU-MIMO CQI prediction.  
In the system level evaluation, the CRS collision issue has the following modelling: 
· CoMP PDSCH is transmitted only on the OFDM symbols that do not collide with any CRS of the cells within the CoMP reporting set.
Observation:

From the preliminary CoMP evaluation, we found that 

· CoMP JP with reasonable feedback overhead could help improve both the average user throughput and the cell-edge user throughput.

· Performance of CoMP JP is very sensitive to the scheduling algorithm, since the scheduler in [6] is highly suboptimal in 9-cell case, we expect the performance of CoMP JP to increase significantly once a better multi-cell multi-user scheduler is in place.  

3 Conclusion 
In this contribution, we conducted system level evaluation for the CoMP homogeneous network. The result suggests that with implicit feedback and the mandatory MMSE receiver, CoMP JP could provide potentially 15% gain on cell-edge user throughput with a sub-optimal multi-cell scheduler.
Further investigation on the scheduling of multi-cell operation is needed for right assessment of CoMP gains over single-cell operation.
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