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1. Introduction 
In 3GPP RAN1 #65 meeting, it was agreed that the performance metrics for scenario 3 and 4 should follow [1]
· Macro + LPN + association value 0 dB (Baseline) 
·  No resource partitioning between Macro and LPN layer on the subframe level

· Macro + LPN + association value X dB
· Static resource partitioning between Macro and LPN layer on the subframe level

· Partition ratio and X should be described.

· Macro + LPN + CoMP

In this contribution, we provided the TDD CoMP evaluation results with joint transmission (JT) scheme for the employment scenario 3 [2].  At the very beginning, we assume that the association bias value is 0 dB and no resource partition between Macro and LPN layer in the simulation. This initial result can give some insight on how much CoMP JT gain can be achieved under the assumption of heterogeneous network.
2. CoMP scenario 3
As defined in [2], the depolyment scenario 3 for CoMP evaluation is a Heterogenous network with N low power RRHs within the macrocell coverage as shown in Fig.1. In this scenario, the RRHs have different cell IDs as the macro cell. 0 dB bias is applied in cell association. ITU UMa and UMi models are applied to model the channels of Macro cell and LPN cell, respectively.
Two configurations will be considered:

-
Configuration 1:  25UEs/ macro cell, UEs are uniformly distributed in each cell.

-
Configuration 4b: 30UEs/macro cell, 2/3 of the UEs are distributed within a 40m range of  LPNs.

The coordination area for CoMP includes 1 macro cell with the N low power nodes inside this cell.
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Figure 1. CoMP Scenario 3

3. Evaluation details
For the starting point of scenario 3 evaluation, the cooperation among points is performed based on the two-step scheduler architecture shown in Fig.2. The first step is the single point scheduling, including SU-MIMO and MU-MIMO scheduling. Based on the first step scheduling results, a multi-point scheduling is carried out. Then the scheduling results are sent to the transmission points. The detailed descriptions are given as follows.
Firstly, UE feedbacks CQI to its serving point. In TDD system, no PMI and RI are reported in this contribution. This reported CQI is modified by its serving point according to the downlink beamforming matrix. Due to the channel reciprocity, the beamforming matrix could be generated based on the uplink channel matrix obtained with the help of uplink sounding reference signal (SRS).  Each point decides which UE to be scheduled in SU-MIMO or MU-MIMO mode. And the corresponding proportional fairness (PF) metric is saved for multi-points scheduling. 
3.1 MU-MIMO scheduling 
For MU-MIMO, exhaustive searching for all possible UE combinations is too complex and time consuming, even when the number of UEs is limited based on the geometry rule [3]. So in the evaluation, we further refined the dimension to

· Maximum 2 co-scheduled layers per RB 

· Maximum 2 layers per UE  

· Maximum 2 UEs paring

The dynamic switching between SU-MIMO and MU-MIMO is enabled in the evaluation. The switching decision is made by the scheduler who schedules a UE in SU-MIMO or MU-MIMO operation based on the estimation of the spectral efficiency attainable for each transmission mode. Then, the marginal utility metric [4] is used to switch the UE between SU-MIMO and MU-MIMO mode.
3.2 CoMP scheduling
After single-point scheduling, the PF metric on each allocated resource block group (RBG) is recorded. In the second step multi-point scheduling, we exhaustively search the UE whose PF metric on RBG m meets,
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Figure 2. Scheduling structure for CoMP JT scenario 3
4. Evaluation results
In this section, the PDSCH performance was evaluated in the HetNet configuration 1 and 4b. We assume 2 transmit antennas deployed in each transmission point. UE is associated with one point according to the received power from macro point and LPN. A UE could be scheduled for CoMP transmission when the size of its corresponding CoMP measurement set is larger than 1. Its CoMP measurement set could be determined based on the comparison of the downlink received power from multiple cells. If the difference between the signal power from the serving point and that from the other point is lower than a given threshold, the point belongs to its measurement set. In this contribution, we set the threshold to 3 dB. Other simulation assumptions could be found in the appendix.
The baseline for the comparison is single cell SU-MIMO and MU-MIMO, in which each point is configured as an independent cell. Table 1 and Table 2 show the performance of CoMP joint transmission. We could find that CoMP JT provides significant gain over single cell SU-MIMO and MU-MIMO. And because the cluster UE distribution in configuration 4b improves the geometry of the cell edge UE, its performance in configuration 4b is better than that in configuration 1. 
Table 1.  HetNet Configuration 1 (2 TX antenna for macro cell)
	Scheme
	Cell average spectral efficiency (bps/Hz)
	Cell edge spectral efficiency (bps/Hz)

	SU-MIMO
	1.739 (100%)
	0.026 (100%)

	MU-MIMO
	1.861 (107.0%)
	0.033 (126.9%)

	CoMP JT
	1.932 (111.0%)
	0.037 (142.3%)


Table 2.  HetNet Configuration 4b (2 TX antenna for macro cell)
	Scheme
	Cell average spectral efficiency (bps/Hz)
	Cell edge spectral efficiency (bps/Hz)

	SU-MIMO
	2.234 (100%)
	0.040 (100%)

	MU-MIMO
	2.387 (106.9%)
	0.050 (125.0%)

	CoMP JT
	2.515 (112.6%)
	0.061 (152.5%)


5. Conclusion 
This contribution shows simulation results to compare the performance of CoMP JT with single cell SU-MIMO and MU-MIMO. Simulation results show that CoMP JT could provide remarkable performance improvements for both cell average and cell edge spectral efficiency with HetNet configuration 1 and 4b.
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Appendix-Simulation assumptions

	Parameter 
	Assumptions used for simulation 

	Deployment scenario 
	CoMP scenario 3 in TR 36.819

	Duplex method and bandwidths 
	TDD: 10MHz 

	Cell layout 
	Hexagonal grid 19 sites, 3 cells per site, 1 cell with N low-power nodes as starting point.

N=25 for HetNet configuration 1

N=30 for HetNet configuration 4b

	Number of low-power node per macro-cell
	4

	Antenna configuration (macro node and low-power node)
	Value for combinations (number of antennas at macro node, number of antennas at low-power node) is (2, 2) 
2 Tx antennas for Macro:

1  column, cross-polarized: X                                                                    
2 Tx antennas for LPN:

1  column, cross-polarized: X

	Antenna configuration (UE) 
	2 RX cross-polarized

	Antenna calibration
	NA

	Traffic
	Full-buffer

	Downlink scheduler 
	Proportional fair in time and frequency 

	TDD uplink downlink configuration
	1

	CoMP scheme
	Joint transmission

	Cooperation set RSSP threshold
	3 dB

	Maximum number of coordinated points 
	3 

	Downlink HARQ scheme 
	Incremental redundancy 

	Downlink receiver type 
	LMMSE 

	Channel estimation error
	NA

	Feedback channel error
	N(0,1)

	Control channel and reference signal overhead 
	0.3075 (3 OFDM symbols for normal sub-frames, 2 OFDM symbols for special sub-frames; CRS: 6 RE/sub-frame; DMRS: 12 RE/sub-frame; CSI-RS with muting (4 LPNs): 10 RE/10 ms; Special sub-frame 2/10 ms
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