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1. Introduction

In previous RAN#63bis meeting, simulation assumption for downlink CoMP performance evaluation was discussed and summarized in [1]. Following deployment scenario 1 and 2 in [1], we evaluated the performance of coordinated beamforming (CB) and joint transmission (JT). For scenario 1, homogeneous network with intra-site CoMP, we simulate JT and CB and for scenario 2, homogeneous network with high Tx power RRHs, CB is evaluated. 
2. Setup for CoMP Evaluation

In this section, we explain channel feedback and scheduler when CB is evaluated. In JT case, the same procedure of feedback and scheduling is applied but the serving cell channel of each UE is replaced by the composite channel from JT cells. More detail illustration about the procedure in JT is described in [3].
2-1. UE feedback

UE first measures each channels from CoMP cells and then feeds back the channel information in the form of RI, CQI, and CDI (Channel Direction Indicator). In simulations, the receive rank of each UE is restricted to 1. In addition, CQI for each CoMP cell is calculated in the same way as alternative 1 in [2]. That is, each CQI indicates SINR in which a desired signal power comes from one of CoMP cells and an interference power from non-CoMP cells. For CDI feedback, UE calculates an effective channel, which means a channel after applying receiver beamforming, and reports a quantized version of it. 

· Effective channel feedback

We introduce an effective channel defined as channel after post processing, i.e., receive beamforming, at UE side and UE reports it to CoMP cells. Naturally, before computing the effective channel, UE first determines its’ receive beamforming matrix, which may be tuned toward the strongest channel direction from serving cell. Details on effective channel generation and feedback are explained below.

UE ‘j’ calculates an effective channel as follows.
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 are the effective channel from cell ‘i' to UE ‘j’, receive beamforming matrix, and channel matrix from cell ‘i' to UE ‘j’, respectively and 
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 is a sub carrier. In simulation, 
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 is calculated based on MMSE-IRC method on the assumption that there is no interference from CoMP cells. In other words, when setting receive beamforming matrix to find effective channel, the UE does not consider interference from CoMP cells and only takes serving cell and uncontrollable interference from outside of CoMP cells into account.

For sub band CDI feedback, representing the strongest channel direction, a right dominant singular vector of covariance matrix of the effective channel from cell ‘i' to UE ‘j’, 
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, is computed, and then quantized as follows.
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​ is a set of sub carrier corresponding to a  sub band. 

· CQI feedback

CQI for each of CoMP cells is calculated in the same way as alternative 1 in [2]. When calculating CQIi, which stands for CQI for CoMP cell ‘i’, the UE assumes that the cell ‘i' is the serving cell and others in CoMP cell set do not cause any interference. CQI for a pair of UE ‘j’ and CoMP cell ‘i', 
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where 
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 is a noise plus interference power from outside of CoMP cell set, 
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 is PHY abstraction effective SINR mapping function and 
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 is a quantization function with 1.2 dB granularity.
2-2. eNB scheduling procedure
When scheduling UEs at each cell, eNB considers non-serving CoMP cells’ UEs that request coordinated beamforming to a serving cell as well as UEs in the serving cell in order to mitigate interference to such non-serving CoMP cells’ UEs. The interference mitigation is implemented based on SLNR maximization beamforming scheme; however, the first cell that finish scheduling among 3 CoMP cells cannot take account of other cells’ UEs since other cells does not finish scheduling UEs yet. Thus, an iterative scheduling algorithm among cooperative cells is used.

· Coordinated beamforming scheme

Based on SLNR maximization criterion, cell ‘i' sets its transmit beamforming vector for UE ‘j’, 
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, as follows.
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where 
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A

 is a set of scheduled UEs at cell ‘i', and 
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B

 is a set of other cell’s scheduled UEs, requesting cell ‘i' to participate in collaboration in order to reduce interference. 
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L

 is the number of scheduled UEs at cell ‘i'. 

· CQI compensation

Obviously, CQI compensation is needed because a reported CQI from UE is computed based on single cell SU-MIMO, not taking interference which occurred in the case of MU-MIMO and CoMP into account. 
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where 
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A

 is a set of scheduled UEs at cell ‘i', and 
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C

 is a set of CoMP cells which are requested to participate in collaboration by UE ‘j’. 
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L

 is the number of scheduled UEs at cell ‘i'.   

· Scheduling algorithm
We use a scheduling algorithm base on greedy UE search. Scheduling is done sequentially from cell 1 to cell N and then repeated from cell 1 again, so that cell ‘i' can re-schedule UEs by taking account on CoMP cells among cell i+1 to N as well as among cell 1 to i-1. We note that in simulation, iterative scheduling is repeated only once. For cell ‘i', UEs are scheduled as follows. First, on the assumption that transmission rank is 1, a scheduler first determines a UE to occupy a single transmission layer, and then finds a second UE to occupy the second transmission layer.
3. Simulation Results
3.1. Simulation assumption

Details on simulation assumption are described in Table 1. CoMP cells of each UE are determined based on RSRQ difference between serving cell and neighboring cells within the predefined cluster. 
Table 1. Simulation assumption
	Parameters
	Assumption

	Channel model
	3GPP Case 1 with 3D antenna pattern

SCM-UMa (
[image: image29.wmf]o

15

spread )

	System BW
	FDD 10MHz 

	# of UEs, # of cells
	(570, 57) 

	# of antennas at UE,  # of antennas at cell
	(2, 4)

	Maximum # of CoMP cells, RSRQ threshold
	(3, 10dB)

	Antenna configuration
	eNB: co-polarized (0.5
[image: image30.wmf]l

spacing)

UE: co-polarized antennas

	Outer loop for target FER control
	10% FER for 1st HARQ transmission

	link adaptation
	MCSs based on LTE transport formats according to TR 36.213

	HARQ scheme
	IR

	DL overhead
	4.2 symbols per RB (3 for PDCCH+1.2 for RS)

DRS density: 12RE/RB

CRS density: 0.6*4RE/RB

	Scheduler
	PF

	Velocity of UEs
	3km/h

	Scheduling granularity
	Per RB

	Traffic load 
	Full buffer

	Rank per UE
	1

	Maximum # of SDMA UE per cell
	2

	Receiver type
	MMSE-IRC or MMSE

	Channel estimation (DM-RS)
	Non-Ideal

	Channel estimation (CSI-RS)
	Non-Ideal

	CQI quantization granularity
	1.2 dB

	Feedback periodicity
	5ms

	Feedback delay
	6ms

	CQI & CDI feedback granularity
	6RB sub band

	Codebook for CDI feedback
	4bits LTE codebook

	Phase corrector among CoMP cell ( in JT case )
	Ideal


3.2. simulation result in scenario 1 and scenario 2
Table 2 shows initial performance evaluation results when the average number of UEs per cell is 10. Comparative gain over Non-CoMP MUMIMO system is also described in bracket. Given that LTE Rel-8 codebook, which has not enough optimized to enhance CoMP performance, is used in this simulation, we expect that more CoMP gain can be achieved by introducing more advanced codebook and CDI compression.
Table 2. Simulation results (Receiver type: MMSE-IRC)
	
	Avg. cell SE

(bps/Hz/cell)
	5% tile UE SE

(bps/Hz/UE)
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	Non-CoMP MUMIMO
	3.26
	0.111
	0.752

	9 sector RRH CB
	3.35 (2%)
	0.121 (8%)
	0.767

	57 sector RRH CB
	3.36 (2%)
	0.133 (19%)
	0.781

	Intra CB
	3.35 (2%)
	0.116 (4%)
	0.761

	Intra JT
	3.18 (-3%)
	0.133 (19%)
	0.823


Table 3. Simulation results (Receiver type: MMSE)
	
	Avg. cell SE

(bps/Hz/cell)
	5% tile UE SE

(bps/Hz/UE)
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	Non-CoMP MUMIMO
	2.61
	0.093
	0.755

	9 sector RRH CB
	2.72 (4%)
	0.103 (10%)
	0.773

	57 sector RRH CB
	2.77 (6%)
	0.115 (24%)
	0.793

	Intra CB
	2.71 (4%)
	0.098 (5%)
	0.763

	Intra JT
	2.59 (-1%)
	0.115 (24%)
	0.833


4. Conclusion

In this contribution, we have the following observations:

· In scenario 1 (homogeneous network with intra-site CoMP), CB and JT achieve 5% and 19~24% more edge UE’s throughput compared with Non-CoMP MU-MIMO, respectively.

· In scenario 2 (homogeneous network with high Tx power RRHs), 9 sectors RRH CB and 57 sectors RRH CB achieve 9% and 19~24% more edge UE’s throughput compared with Non-CoMP MU-MIMO, respectively.

Further optimization of codebook for channel feedback will help to achieve more CoMP gain. 
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Annex
Table 4 shows the ratio of CoMP UEs in each evaluation scenarios. The number of CoMP cells of each UE is determined based on RSRQ difference between serving cell and neighboring cells within the predefined cluster. The threshold is 10 dB in here.

Table 4. CoMP participating UE statistics
	
	Percentage of CoMP UEs on 3 cells CoMP
	Percentage of CoMP UEs on 2 cells CoMP

	9 sector RRH CB
	(12.1%)
	(31%)

	57 sector RRH CB
	 (27.4%)
	(29.1%)

	Intra CB
	(5.7%)
	(28.7%)

	Intra JT
	(5.7%)
	(28.7%)
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