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1. Introduction

It is known that CRS is used for RRM measurement. RSRP/RSRQ which is used in cell association is measured based on CRS. As CRS is cell-specific signal, it is transmitted towards a fixed direction in vertical domain. When elevation beamforming and FD-MIMO are introduced, cell association based on CRS may cause certain performance degradation. The problem of cell association and the corresponding evaluation results are discussed in this contribution.
2. Discussion
In the baseline calibration of the 3D channel model, a vertical weighted vector is required to calculate RSRP for RRM measurement [1]. A beamforming weight vector for CRS targeting a fixed direction in vertical domain is assumed in calculating RSRP. A UE is associated with the cell that has the highest RSRP. In the following, performance of FD-MIMO with this cell association method is evaluated. 
Evaluation and analysis of conventional cell association method
In the evaluation of FD-MIMO, it is assumed that channel coefficients from all the antenna elements to UE are available to UE. UE selects precoding matrix from a predefined codebook designed for the overall antenna array. The overall codebook is derived from a vertical domain codebook and a horizontal domain codebook. Each codeword in the overall codebook is constructed by Kronecker product of a codeword in the vertical domain codebook and a codeword in the horizontal domain codebook. The Rel-12 codebook is reused for the horizontal codebook. The vertical codebook is formed by a set of array response vectors targeting direction in [70, 110] and [90, 120] in 3D-UMi and 3D-UMa scenarios respectively. Size of the vertical codebook is 16.
For the baseline transmission, CSI-RS is virtualized using the same beamforming vector as CRS in the vertical domain. One CSI-RS resource with multiple antenna ports is configured to each UE. UE calculates and reports the CSI based on the configured CSI-RS resource. Detailed simulation assumptions could be found in Table A1 in appendix.
The evaluation results for SU-MIMO are given in Table 1. Despite beamforming in elevation domain is employed, cell edge user SE of FD-MIMO degrades significantly compared with baseline performance.
Table 1: System level results for conventional cell association method
	
	3D-UMa
	3D-UMi

	
	Cell avg. SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)
	Cell avg. SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)

	Baseline 
	2.59(100%)
	0.0845(100%)
	2.63 (100%)
	0.0811(100%)

	FD-MIMO
	2.62 (101.2%)
	0.0537(63.6%)
	2.85 (108.4%)
	0.0526(64.9%)


The performance degradation is caused by inappropriate cell association method for elevation beamforming and FD-MIMO transmission. The problem is illustrated in Figure 1 and Figure 2. In Figure 1 two cells cell A and cell B are transmitting CRS towards a fixed direction in the vertical domain. UE A is close to the site of cell A, but the angle of LoS direction with respect to direction of CRS of cell A is large leading to small antenna gain. On the other hand, UE A happens to be covered by CRS beams of cell B. Though cell B is further to UE A than cell A, the coupling loss including pathloss and antenna gain from cell B to UE A is smaller due to smaller antenna gain. That is, according to conventional cell association method, UE will be associated with cell B.
However, if elevation beamforming and FD-MIMO is used for PDSCH transmission, signal transmitted from cell A could cause severe interference to UE A. This is illustrated in Figure 2. Another UE, UE B, is scheduled in cell A. It is possible that cell A schedules a UE close to UE A in elevation domain as no coordination is assumed between cell A and cell B. In this case, UE A suffers strong inter-cell interference from cell A, resulting in significant cell edge performance degradation. This can be confirmed by SINR measured on pilot in FD-MIMO transmission system shown in Figure 3. Cell edge user (5%-tile) could only achieve SINR of about 0dB.
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Figure 1: Cell association based on CRS with cell-specific elevation beamforming
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Figure 2: Problem with elevation/FD-MIMO transmission with convention cell association method
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Figure 3: Empirical CDF of SINR measured in FD-MIMO transmission system
Modified cell association method
To circumvent this problem, a modified cell association method may be considered. We consider a simple modification to the RSRP calculating method assumed in baseline evaluation. Specifically, beamforming weight vector assumed in calculating RSRP is derived based on LoS ZoD of the UE. With this simple modification, performance of elevation beamforming and FD-MIMO is re-evaluated. The results are given in Table 2. With the new cell association method, FD-MIMO provide 16% cell edge gain in 3D-UMa scenario, 12% cell average gain and 22% cell edge gain in 3D-UMi scenario.
Table 2: System level results for modified cell association method
	
	3D-UMa
	3D-UMi

	
	Cell avg. SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)
	Cell avg. SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)

	Baseline 
	2.59(100%)
	0.0845(100%)
	2.63 (100%)
	0.0811(100%)

	FD- MIMO
	2.61(100.5%)
	0.0983 (116.4%)
	2.96 (112.4%)
	0.0989 (121.9%)


It is worth pointing out that RSRP calculating based on LoS ZoD is not realistic in practical deployments. How to realistically model cell association in evaluation needs further study.
3. Conclusions
In this contribution, influence of cell association method on FD-MIMO performance is investigated. Problem of conventional association method is observed and analyzed. It is found that conventional cell association method causes significant performance degradation to cell edge user when FD-MIMO is used. To circumvent this problem, an association method is proposed and evaluated. Based on the analysis, it is suggested that cell association method should be studied in RAN1.
4. References
[1] 3GPP TR36. 873 v12.0.0
5. Appendix
Table A1: Evaluation assumptions 
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 10 elements, 0.5λ space

	Scenario
	3D-UMa, 3D-UMi

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UEs per cell
	10

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer 

	Scheduling algorithm
	PF

	Receiver
	Ideal channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	PMI/CQI feedback periodicity
	5ms

	RI feedback periodicity
	100ms

	Overhead
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB

	Wrapping  method
	Radio distance based

	Handover margin
	0 dB
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