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1. Introduction 
In this contribution we present our evaluation results of CoMP joint transmission (JT) in Phase I homogeneous deployment, for intra-site coordination (Scenario 1) and inter-site coordination (Scenario 2).
2. Discussion on CoMP-JT 
2.1. JT beamforming with per-cell power constraint
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Fig 1: CoMP-JP 
CoMP-JT shares some similarities with single-cell MIMO by combining the antennas at each transmission point into a large-scale virtual MIMO array.  As a result of such combining it is possible to treat CoMP-JT similarly to single-cell MIMO where the scheduling pool includes all users in all associated cells (Fig. 1). However, extending single-cell MIMO to CoMP-JT introduces new challenges in the beamforming designs, one of the major implications being the per-cell transmit power constraint. Simply put, the total transmit power across the virtual multi-cell antenna array can not be arbitrarily distributed across each cell (Fig. 2A). This results in a different optimization constraint than single-cell MIMO where each antenna may transmit up to the max power of a cell (Fig. 2B)
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(A) CoMP-JT power constraint 

(B) Single-cell MIMO
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Fig: 2: CoMP JT vs. Single-cell MIMO
From the beamforming perspective, both JT-SU and JT-MU are possible. JT-SU is relatively straightforward as beamforming on each transmission point can simply follow the per-cell PMI feedback and automatically satisfies the per-cell power limitation. For JT-MU, one may argue that it achieves further performance gain by exploiting spatial multiplexing freedom, similar to the observation in Rel.10.  This can be promising due to the SFN diversity gain which boosts a cell-edge UE’s geometry and allows for spatial UE multiplexing. One the other hand, JT-MU beamforming is a non-trivial optimization problem due to the per-cell power constraint discussed earlier. There have been efforts to re-use single-cell MU-MIMO schemes in the JT-MU context under total power constraint with an objective function to either (1) maximize the post-BF SNR or (2) minimize the intra- and inter-cell interference (e.g. BD or SLR). Unfortunately, most popular single-cell MU schemes involve non-linear processing of the multi-cell CSI and therefore do not satisfy the per-cell power in general. To solve this issue there are several approaches:
· Allow the per-cell power to exceed the nominal per-cell limitation Pmax. This may result in an unfair comparison with Rel.10. 
· Jointly scale the transmit power of all transmission points to meet Pmax. In this case some transmission points may not operate at its full power.
· Separately scale the transmit power so that each transmission point operates with full power Pmax. Such separate scaling often destroys the original optimization objection function and reduces the interference alignment effectiveness.
Of course the optimal JT-MU beamforming can be explicitly modeled under the per-cell power restriction. This non-convex optimization problem lacks a closed-form solution to the best of our knowledge.
Due to these implications we only simulated JT-SU in this paper. Note that JT-MU may possibly further improve the system performance, and our view is that practical restrictions (e.g. transmit power) should be clarified in this case for a fair comparison with Rel.10.
2.2. Scheduling for CoMP JT
In this section we briefly describe the scheduling design for a balance between the SFN diversity and the spatial re-use factor.

UE-specific CoMP set: We assume every UE is semi-statically configured in CoMP mode or non-CoMP mode. Each UE performs RSRP measurement for all cells in the cooperation set (3 or 9-cells).  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.
Fallback for CoMP UE
· All non-CoMP UEs are scheduled in Rel.10 single-cell transmission, with dynamic switching between SU/MU. MU-MIMO is based on zero-forcing beamforming.
· CoMP-UE can be either scheduled in Rel.10 single-cell transmission (in its anchor cell), or JT-SU in its CoMP set
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. Fall-back to Rel.10 DL single-cell transmission is supported dynamically on a subframe basis. In addition, although it’s possible for a CoMP UE to fall back to JT transmission in a smaller CoMP set
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, this is not modelled in our evaluation for the sake of simplicity.
Scheduling: For each scheduling unit (subband)
· Step 1: For each cell, perform single-cell scheduling with dynamic SU/MU switching. Both non-CoMP UEs and CoMP-UEs are included in the scheduling pool.
· Step 2: Exhaustively search the combination of CoMP transmission sets 
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 are non-overlapping UE-specific CoMP-sets, and 
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 is the expected throughput of CoMP-set 
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, obtained from exhaustive search over all CoMP-UEs associated with set 
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. The special case of 
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=1 is included to model fall-back to non-CoMP transmission. For a given subband it is possible for all cells in the CoMP region to be scheduled in non-CoMP transmission modes. All throughputs are scaled properly to reflect proportional fairness in time and frequency domain.
2.3. Feedback

Implicit per-cell feedback based on Rel.10 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 cells, the aggregated beamforming vector for JT-SU with co-phasing value 
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where 
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are the per-cell PMI feedback for cell 1 and 2.
2.4. Performance reference

We use Rel.10 single-cell SU/MU with dynamic switching as the performance benchmark. It is important to keep in mind that Rel.10 DL MIMO has been extensively enhanced over Rel.8 through key features including CSI-RS, multi-layer DMRS. Choosing Rel.10 MU-MIMO as the benchmark provides a realistic and accurate assessment of CoMP-JT gain.
3. Evaluation results

Evaluation is performed in a high-loaded scenario with 10 UEs per cell with full buffer data traffic. Realistic CSI measurement is modeled where the measurement error is extracted from the link-level MSE statistics. CSI quantization and feedback is realistically modeled with the 4-bit CQI table and Rel.10 codebook, and the transmission of CSI is assumed error free. Ideal backhaul with zero-delay infinite capacity is considered, and time and frequency-synchronization error is assumed to be zero. Table I and II summarize the cell-average and cell-edge performance for Rel.10 non-CoMP vs. CoMP JT transmission, with 3-cell and 9-cell cooperation. 
Table I: CoMP-JT vs. non-CoMP with 4x2 cross-polarized array

	Receiver
	Performance
	Single-Cell
	3-cell JP
	Gain
	9-cell JP
	Gain

	MMSE
	Average
	1.5149
	1.6088
	6.2%
	1.6134
	6.5%

	
	5%
	0.0387
	0.0455
	17.6%
	0.0482
	24.6%

	
	Jain index
	0.0686
	0.0722
	NA
	0.738
	NA


Table II:  CoMP-JT vs. non-CoMP with 4x2 ULA array
	Receiver
	Performance
	Single-Cell
	3-cell JP
	Gain
	9-cell JP
	Gain

	MMSE
	Average
	2.4672
	2.5215
	2.2%
	2.5437
	3.1%

	
	5%
	0.0547
	0.0670
	22.5%
	0.0676
	23.5%

	
	Jain index
	0.647
	0.691
	NA
	0.692
	NA


The following conclusions are drawn from the results:
· Compared to Rel.10 non-CoMP MIMO, 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 marginal. 
4. Conclusions

In this contribution we presented our evaluation results of CoMP-JT in Phase I homogeneous deployments. Some issues with CoMP-JT processing, particular the MU beamforming under per-cell power constraint are discussed. Evaluation results show that CoMP-JT, assuming ideal time/frequency synchronization and backhaul link, achieves further performance gain over Rel.10. The performance gain of CoMP-JT is however mostly observed in cell-edge coverage, while the cell-average gain is marginal. 
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Appendix: Simulation assumptions
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Figure 3- Reference CoMP Coordination Cell Layout for Scenario 2

Table III: Simulation Assumptions
	Parameter
	Assumptions

	Feedback scheme
	Per-cell 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 cells 
	57

	Deployment model
	Homogeneous deployment with high power RRH

Hexagonal grid, 3 sector sites

	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

	Control OFDM symbols 
	3

	Max number of HARQ retransmissions
	3

	Channel model
	3GPP Case 1 (SCME Urban Macro 15° angular Spread)

	Tx power per transmission point
	46 dBm

	BS antenna configuration
	4Tx cross-polarized or ULA with 0.5 λ separation. 

3D pattern with 15° electric downtilt

	UE antenna configuration
	2 RX with 0.5 λ separation, same polarization as BS 

	UE receiver 
	MMSE without inter-cell interference suppression
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