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1 Introduction
Beamforming has been considered as a promising technique to increase the cell edge spectral efficiencies and cell coverage in LTE-Advanced. But one issue in beamforming operation is the so called flashlight effect, where the interference varies from time to time and it’s hardly to reach accurate channel quality measurement at UE measurement, due to the changes in the UE-specifc beam pattern from the interfering neighbouring cells. The evaluation results in [1] reveal that the flashlight effect has significant impact on performance and the improvement on the CQI measurement and report mechanism is required to solve this problem.
In this contribution, we propose to do the CQI estimation based on the interference measurement in control region to mitigate the flashlight effect in beamforming. This method is equivalent to do the summary of the inter-cell interference estimation at eNB side, which can be used to improve the channel quality estimation at eNB in TDD system.

2 CQI impact on beamforming
2.1 CQI measurement based on PDSCH 
Traditional procedure for UEs to obtain CQI is that firstly UEs calculate the SINR with some level of granularity, and then quantize the SINR to CQI index which corresponds to a combination of modulation and coding scheme [2] and feedback it to eNB for link adaptation and scheduling. Here assuming UEs measure the CQI based on the channel estimation by CRS and the inter-cell interference estimation in the PDSCH region. With this procedure, several factors will result in fluctuation on SINR between UE measurement and eNB transmission:
· The delay of CQI feedback due to processing latency
· The variation of scheduling results and UE-specific transmit weight in interfering cells on PDSCH, i.e. flashlight effect due to the changes in beam pattern of neighbouring cells 

· Traffic change on PDSCH region of interfering cells
To increase the accuracy of CQI estimation based on PDSCH region, usually we can make use of time-domain filtering on measured interference at UE side or eNB side. This method does not performe well after a DTX silent period if with filter at eNB side, since the pre-stored filtered value is outdated. 
2.2 CQI measurement based on control region

Here we propose a control-region based interference measurement method in CQI measurement, which assumes the CQI is measured from control region in the first 1~3 OFDM symbols, so the interference comes from the control region of neighbouring cells. Assuming the control channel transmission uses the transmission diversity, e.g. SFBC or SFBC+FSTD, the received total inter-cell interference is equivalent to the sum of the power of each strong interferer, i.e. equivalent to precode the interference with an identity precoding matrix. 
Compared to PDSCH-based interference estimation in the CQI measurement, the interference measured from control region is similar as using a L3 filter on the interference estimation, which is with better robustness. This method does not need L3 filter either.
Enlightening by this method, the DL inter-cell interference can be estimated at eNB with the knowledge of the channel fading of each strong interferers, in the case of UL/DL channel reciprocity. 
2.3 Performance evaluation
System simulations were carried out to evaluate the performance of these two methods of interference estimation in CQI measurement. Method 1 is based on PDSCH region and method 2 is based on control region. And this is a SU-MIMO simulation with 4x2 beamforming, the space between transmit antennas is 0.5
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. Further simulation assumptions are shown in the Appendix A. 
The CDF curves of the user throughput of these two methods are shown in Figure 1. 
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Figure 1 Throughput CDF of two methods of CQI estimation (20UE per cell)
From the simulation results, we can see that method 2 outperforms the method 1, especially for cell-center UEs, which means that the CQI measurement and MCS selection in method 2 is more accurate than in method 1. Furthermore, the simulation also showed that the flashlight effect in beamforming can be alleviated at a certain extent with CQI method 2. Further solution to the flashlight effect to improve the performance can be achieved by the scheme described in [1].
3 Conclusion

This contribution analyzes the impact of the interference estimation in the CQI measurement on the beamforming and compares two methods of CQI estimation at UE side.
Method 1: CQI measurement based on the interference estimation in PDSCH region
Method 2: CQI measurement based on the interference estimation in control region, which is equivalent to do the summary of the inter-cell interference estimation at eNB side, which can be used to improve the channel quality estimation at eNB in TDD system.
Through the evaluation result, it’s observed that the flashlight effect in beamforming is alleviated with method 2. Moreover, method2 could offer more robustness and has less complexity. Therefore, it proves the usage of UL/DL channel reciprocity (e.g. in TDD) is reasonable, and will not be blocked by the flashlight effect in DL beamforming.
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Appendix A: Simulation Assumption

Table 1 Simulation Assumption

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	Average 20 UE per sector uniformly dropped 

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Channel model
	Spatial Channel Model (SCM)

	UE speeds of interest
	3Km/h

	Number of antenna elements (BS, UE)
	(4, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(0.5, 0.5) 

	Traffic model
	Full buffer

	Link to system interface
	Mutual information

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC, 8 processes, Maximum 3 transmission times

	Receiver algorithm
	MMSE

	Channel Estimation
	Ideal

	Scheduling and Reporting SubBand size
	5 RB’s

	Control Overhead
	31%
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