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1. Introduction 
The study item of CoMP in Rel.11 was agreed to be focused on deployment with low-latency high-capacity backhaul link [1]. The following four scenarios were agreed for evaluation:

· Scenario 1：Homogeneous network with intra-site CoMP

· Scenario 2：Homogeneous network with high Tx power RRHs 

· Scenario 3：Heterogeneous network with low power RRHs within the macrocell coverage

· Scenario 4：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

In this contribution we present our evaluation results of CoMP joint transmission (JT) in Phase II heterogeneous setup.
2. Evaluation Assumptions
2.1. CoMP-JT Schemes

It should be possible to scheduled CoMP and non-CoMP transmission together in the same subframe to different UEs based on the dynamic system operation condition. Four types of transmission schemes are possible:

· Single-cell single-user MIMO (SC-SU)
· Single-cell multi-user MIMO (SC-MU)
· Multi-cell single-user MIMO (CoMP-SU)
· Multi-cell multi-user MIMO (CoMP-MU)

For Rel.11, single-cell transmission (SU/MU) is still vital because not all users are appropriate to be scheduled in CoMP transmission. For users located in cell center with a strong signal-to-noise ratio, non-CoMP transmission is more appropriate to exploit the cell splitting gain. 
CoMP-JT exploits transmit diversity gain (e.g. similar to SFN) at the expense of reduced cell-splitting gain, and could be beneficial for cell-edge users experiencing severe co-channel interference. 
· For CoMP-SU, CoMP beamforming is straightforward where the per-point precoding may follow the per-point PMI feedback. Additional inter-point phase feedback can be used to phase shift the precoding vector. 
· For CoMP-MU, beamforming is more challenging than single-cell MU because the per-point transmit power constraint needs to be satisfied. A closed-form JT-MU beamforming expression satisfying such power constraint is unavailable to the best of our knowledge, due to the non-convex nature of the problem.  Resorting to optimization software after converting to dual optimization problem is possible.  
In this paper we assumed each UE is scheduled in either single-cell SU/MU transmission, or CoMP-JT with SU. It’s likely that CoMP-MU may further extend the gain over single-cell transmission, subject to the per-point power constraint.
2.2. Scheduling for CoMP JT
Multi-cell CoMP performance is highly sensitive to the scheduler design. This involves several aspects:

· Selection of CoMP vs. non-CoMP transmission scheme 
· Selection of CoMP transmission set (macro and/or RRH) for each user 

Each UE performs RSRP measurement for all cells in CoMP cooperation cluster.  A cell whose RSRP is within
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dB from the anchor cell is identified as a CoMP cell and included in the UE-specific CoMP set. If a UE has a CoMP set of size 1 (i.e., only anchor cell), the UE is identified as a non-CoMP UE, otherwise the UE is a CoMP UE. A threshold value of 
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 = 6 dB is used in this contribution. A high-level description of the scheduling algorithm used in this paper can be found in a previous contribution [2]. In a nutshell:
· All non-CoMP UEs are scheduled in single-cell SU/MU transmission.

· CoMP-UE can either dynamically fall back to single-cell SU/MU transmission (in its anchor cell), or scheduled with CoMP-SU in its CoMP set 
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2.3. Feedback

Implicit per-cell feedback with PUSCH mode 3-1 is used in this evaluation. 

· Non-CoMP UE:  Single-cell RI/CQI/PMI is reported only to the anchor cell. 
· CoMP UE:  
Per-cell CQI/PMI feedback based on Rel.10 framework is performed for each cell in the CoMP measurement set. In addition, a 2-bit co-phasing component is reported for each non-anchor-cell in the CoMP measurement set for coherent combining of the per-cell PMI.  For instance, assuming two coordinating points, the aggregated beamforming vector for JT-SU with co-phasing value 
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are the per-point PMI feedback. 
3. Evaluation results

Evaluation is performed with full-buffer traffic where 4 RRH are randomly and uniformly distributed in each macro coverage area. Coordination is performed within a CoMP cluster consisting of 1 macro TP and 4 overlaid RRHs. CSI quantization and feedback is modeled with 4-bit CQI table and Rel.10 codebook, and the transmission of CSI is assumed error free. Idealized backhaul with zero-delay infinite capacity is considered, where time and frequency-synchronization error is assumed to be zero. 
Table I: CoMP-JT vs. non-CoMP with 4x2 X-POL antenna configuration
	UE dropping
	Performance Metric
	non-CoMP Rel.10
	CoMP-JT
	Gain

	Case 1
	cell-average
	8.806
	9.279
	5.4%

	
	5% cell-edge
	0.0330
	0.0416
	26.1%

	Case 4b
	cell-average
	10.209
	10.997
	7.7%

	
	5% cell-edge
	0.0685
	0.0817
	19.3%


The following conclusions are drawn from the results:
· Compared to Rel.10 single-point transmission, CoMP-JT improves system performance in terms of both cell-average throughput and cell-edge coverage. 
· Most of the JT gains are observed in cell-edge coverage. The cell-average gain over Rel.10 MIMO is limited. 
4. Conclusions

CoMP-JT in Phase II heterogeneous deployments were presented in this contribution. Evaluation results show that CoMP-JT, assuming ideal time/frequency synchronization and backhaul link, achieves further performance gain over Rel.10. The performance gains of CoMP-JT are mostly observed in terms of cell-edge coverage, while cell-average gain is marginal. 
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Appendix: Simulation assumptions

Table II: Simulation Assumptions
	Parameter
	Assumptions

	Feedback scheme
	Per-point implicit RI/CQI/PMI with Rel.10 PUSCH mode 3-1, 
subband 6RB,  4-bit CQI, Rel.10 codebook

	Inter-cell feedback
	2-bit co-phasing component for each non-anchor cell

	CSI Feedback delay
	6 ms

	CSI Reporting periodicity
	5 ms

	Link adaptation
	Non-Ideal

	Scheduler
	Proportional fair in time and frequency

	ACK/NACK based outer loop link adaptation adjustment 
	Yes: target BLER=10%

	Number of macro
	57

	Deployment model
	Homogeneous deployment with high power RRH

Hexagonal grid, 3 sector sites

	Number of low-power RRH per macro cell
	N = 4

	Backhaul 
	Point to point fiber,  zero latency and infinite capacity

	Inter site distance
	500 m

	Average number of users per cell
	10

	Traffic model
	Full buffer

	UE speeds 
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Tx power at macro
	46 dBm

	Tx power at RRH
	30 dBm

	BS antenna configuration
	X-POL with 0.5 wavelength spacing

	UE antenna configuration
	X-POL with 0.5 wavelength spacing
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