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1. Introduction
The discussion on interference estimation is ongoing but limited progress has been made. Up to now the four interference estimation methods have been mentioned:
· Interference estimation based on CRS: this method is applied in R8 and interference estimation accuracy has been suspected [1]. It has a severe impact on the performance in light load scenarios since the CQI reporting becomes highly pessimistic due to the high probability of collision from CRS in other cells even though there is almost no interference on PDSCH.
· Interference estimation based on CSI-RS w/muting: Introducing muting for removing PDSCH interference may help to solve problem of channel estimation from neighboring cells but consequently it will cause a new problem. It will lead too optimistic CQI reporting since the interference from neighboring cells is not seen by CSI-RS w/muting while this interference does belong to the total interference. If the majority of cells apply muting, this problem will be more seriously.
· Interference estimation based on CSI-RS w/ partial muting: In order to solve interference estimation problem from CSI-RS w/muting, CSI-RS w/partial muting was proposed by some companies [2-3], that is, only a part of the REs corresponding to CSI-RS of other cells are muted. For example, REs are muted in every 2 subframe/PRB carrying CSI-RS. If PDSCH of neighboring cells are not muted in the considered subframe/PRB, interference estimation can be carried out, otherwise not. The problem of this method is that the density of CSI-RS is not sufficient to estimate interference [4].
· Interference estimation based on muted RE: Initially, muting was proposed to improve channel estimation quality of neighbouring cells. However, if muted pattern is configured appropriately and information in muted RE is used adequately, interference measurement can also be made robust and future-proof [5]. 
In this contribution, performance evaluations on the above methods are provided. According to the evaluation results and analysis, a solution based on muted RE is proposed. 
2. Performance evaluation

This section evaluates the interference estimation error of different interference estimation methods. A multi-cell link simulation is performed. The detailed simulation assumptions are listed in the appendix. The cell layout is assumed to be a hexagonal grid, assuming 19 cell sites with 3 sectors (total 57 cells). UEs are uniformly distributed in the cells. A link simulation is performed between a UE and its serving cell. The interference is exported from the system simulation. The actual OFDM signals are generated from the 3 interested cells and the signals from other surrounding 18x3 cells are assumed as random interference in the link level simulation. When light load is considered, the random interference is cumulated by the randomly continuous 4 PRBs of each cell. When heavy load is considered, interference is cumulated by all PRBs of each cell. The CRS, CSI-RS and muted RE pattern apply shift associated with cell Id. The muted pattern is the same as the 2-ports CSI-RS pattern and has 6 different shift values, which means that the locations of REs where the interference measured among 6 cells are not overlapped each other so that only data from other 5 cells is seen on those REs. All RS patterns are configured as 4 ports and just have 3 different shift values. 
There are two types of interference estimators. Interference estimator I firstly obtains a channel estimate per antenna port through MMSE filter and subtracts useful signal from received symbols at RS locations, and finally performs interference averaging. Interference estimator I is used for interference estimation based on RS. Interference estimator II firstly obtains the received energy in specific REs, such as muted RE, and then performs interference averaging. Interference estimator II is used for interference estimation based on muted RE.
Figure 1 and Figure 2 show the cumulative distribution function (CDF) of the interference estimation error with perfect and real channel estimation, respectively. The interference estimation error is defined as the absolute difference between estimated interference and practical interference in data region. Practical interference contains the received energy in data region from all the other cells except the serving cells.
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Figure 1: CDF of interference estimation error (perfect channel estimation)
From the simulation results for perfect channel estimation, we have the following observations:
· For the low load and heavy load cases, the interference estimation error of CSI-RS w/muting is much larger than those of other schemes because the majority of interference could not be seen at CSI-RS of serving cells.
· For the light load case, the interference estimation error of CSI-RS w/partial muting is similar to that of CRS, but larger than that of muted RE. Since CSI-RS w/partial muting and CRS just have 3 shift values, the higher collision probability from RS will lead to higher interference estimation comparing with muted RE, especially for light load case.
· For the heavy load case, the interference estimation performance of CSI-RS w/partial muting, CRS and muted RE are similar. The slight differences among them are coming from the density of RS and muted RE.
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Figure 2: CDF of interference estimation error (real channel estimation)

From the simulation results for real channel estimation, we have the following observations:
· For the low load and heavy load cases, the interference estimation error of CSI-RS w/muting is still much larger than those of other schemes.
· For the light load case, the interference estimation error of CSI-RS w/partial muting is smaller than that of CRS, but still larger than that of muted RE. The difference between real channel estimation and perfect channel estimation is that the interference estimation error gap of CSI-RS w/partial muting is reduced for real channel estimation. The reason for that is the density of CSI-RS is not sufficient to accurately estimate channel and the interference is underestimated for real channel estimation case. Underestimated interference counteracts overestimated interference due to the collision of CSI-RS from different cells. 

· For the heavy load case, the interference estimation error of CSI-RS w/partial muting is larger than those of CRS and muted RE. The difference between real channel estimation and perfect channel estimation is that the interference estimation error gap of CSI-RS w/partial muting is increased for real channel estimation. This is because that insufficient CSI-RS density results in underestimated interference for real channel estimation case.

Note: It should be noted that real channel estimation in simulation is based on ideal PDP and speed are not known accurately in implementation. The performance of interference estimation based on RS will be worse in implementation, especially for CSI-RS with low density.

 From the above simulation results and observations, we have the following proposal:

· Muted RE scheme is proposed in terms of interference estimation performance and robustness.
3. Conclusions

In this contribution, some interference estimation methods are evaluated and from the simulation results, we propose that Muted RE scheme is adopted as interference estimation scheme in Rel-10 for its good interference estimation performance and robustness. Further details of interference estimation on muted REs can be found in a companion contribution [5].
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5. Appendix
Table 1: Simulation assumptions
	Transmission Bandwidth(Hz)
	5M

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

	ISD
	500m

	Path loss
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	Total BS TX power (Ptotal)
	46dBm

	DL noise figure
	9dB

	Thermal noise density
	-174 dBm/Hz

	Carrier Frequency
	2GHz

	Antenna pattern (horizontal)
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	Antenna pattern (vertical)
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	UE speed
	3km/h

	Number of transmitter antennas
	4 （0.5λ）

	Number of  receiver antennas
	2（0.5λ）

	Channel estimation algorithm
	Perfect/2DMMSE

2DMMSE: ideal PDP and speed 
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