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1. Introduction
In RAN4 #62bis the work item on advanced receivers was started. During that meeting first discussions took place whether in addition to demod requirements also CSI reporting requirements should be defined within the WI time frame. Some concerns were raised that defining CSI requirements may not be possible due to the limited amount of time for the WI. On the other side, several companies expressed their view that defining tests for CSI reporting should be integral part of the WI [1] covering a minimal set of requirements.
In this contribution we provide a first analysis of post-equalizer SINR statistics and share our view on defining CSI reporting requirements. 
2. Discussion
So far, in all CSI reporting tests in TS 36.101 (except for eICIC) other cell interference is modeled as additive white Gaussian noise. In the demod tests to be defined for advanced receivers, however, interference will be explicitly modeled. The impact of the explicitly modeled interference on the SINR requirements of data and control channels will be captured in the demod tests to be defined. However, it is expected that the explicitly modeled interference also impacts the CSI reporting accuracy. Therefore, it is important to study those impacts before any decision is made whether CSI reporting accuracy tests should be defined within the WI time frame or not.

In RAN4 #62bis the simulation assumptions for the advanced receiver WI were agreed [2]. In order to test the inter cell interference suppression capabilities of the MMSE-IRC, the test setup foresees that either one or two interfering cells are explicitly modeled. The PMI matrices used in the interfering cell(s) are updated with a granularity of 1ms and 10ms, respectively. The rank of the interfering signal is either one or two and the probability of rank-1 interference varies between 70% - 80% depending on the transmission mode being applied in the interfering cells.
In this contribution we investigate the impact of the explicitly modeled interference on the CSI reporting accuracy if a MMSE-IRC receiver is applied. We do so by measuring the post-equalizer SINR, i.e. the SINR observed directly after the MMSE-IRC receiver. Statistics like the mean and the standard deviation of this SINR give a insight into the reported CQI and its statistics like mean and standard deviation.    

For the simulations we follow mainly the simulation assumptions of [2]. We assume in the simulations either zero, one or two explicitly modeled interfering cells. In all cases the geometry is fixed either to G = 0 dB or G = -2.5 dB, the MCS is #11. In order to get a better insight into the CQI statistics, we only apply rank-1 interference in the explicitly modeled interfering cells and consider an AWGN channel instead of the EVA5 channel model. The simulation assumptions are summarized in Table 1.
Table 1: Simulation Assumptions

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM6

	Transmission mode in interfering cell
	TM6

	MIMO configuration
	2x2, low correlation

	Channel model
	AWGN

	Number of interfering cells
	0, 1 or 2

	Geometry 
	G = 0 dB, G = -2.5 dB

	DIP values
	At G=-2.5dB: DIP1= -1.73dB and DIP2=-8.66dB

At G=0dB: DIP1=-2.0561dB and DIP2=-8.2463dB

	CRS configuration
	2 CRS ports (non-colliding)

	MCS for target signal
	MCS 11

	PMI for target signal
	Follow wideband PMI

	PMI granularity and rank of interfering signals
	Randomly changing per sub-band from subframe to subframe

	Modulation in interfering cells
	QPSK

	Receiver 
	MMSE-IRC


In the simulations we compare the post-equalizer SINR for zero, one or two explicitly modeled cells. The geometry is fixed at G = 0 dB and G = -2.5 dB, respectively. Figure 1 shows the PDFs of the post-equalizer SINR in case that zero, one or two cells are explicitly modeled. Table 2 shows the mean and the standard deviation of the post-equalizer SINR distributions for the three scenarios. Note that the SINR plotted below does not include the serving cell precoding gain. 
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Figure 1: SINR PDF for AWGN TM6, MCS 11 – left) Geometry = -2.5 dB, right) Geometry = 0 dB
Table 2: SINR Statistics for AWGN TM6, MCS11
	Scenario
	Geometry = -2.5 dB
	Geometry = 0 dB

	
	Mean
	StdDev
	Mean
	StdDev

	1 Cell
	0.14
	0.22
	2.63
	0.22

	2 Cells
	0.67
	0.45
	3.05
	0.40

	3 Cells
	0.16
	0.46
	2.62
	0.41


It is seen that the post-equalizer SINR PDF widens in case of one or two explicitly modeled interfering cells. If no interfering cell is explicitly modeled, the PDF of the SINR distribution is very narrow. Also the mean of the distribution changes based on the number of interfering cells. This verifies that a MMSE-IRC receiver has impact on the SINR distribution and, hence, on the CSI reporting. The results also show that the Rel-8/9 CSI reporting requirements do not provide sufficient insight into the expected behavior of the CSI reporting in those scenarios being considered in this WI.
The reason for this change in SINR statistics is the nature of interfering signal. The system model for explicitly modeled interfering cells can be written as
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where H0 and B0 denote the channel matrix and the precoding matrix of the serving cell. respectively. Hi and Bi denote the channel matrix and the precoding matrix of the i-th interfering cell. The inter cell interference can be obtained from the diagonal elements of the interference covariance matrix, i.e.
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For the chosen 2x2 antenna configuration, the matrices Bi are 2x2 unitary matrices in case of rank-2 interference, i.e. it holds Bi(BiH = I. In this case the interference does not depend on the particular choice of the precoding matrix and the covariance matrix reduces to:
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However, in case of rank-1 interference, Bi are vectors of dimension 2x1. The product Bi(BiH has then also dimension 2x2 but Bi(BiH ( I. In this case the interference depends on the instantaneously chosen precoding matrix in the interfering cell. Therefore the impact of rank-1 interference is different to rank-2 interference.
In case of implicitly modelled interference, the interference covariance matrix is just given by the additive white noise, i.e.
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From this analysis and the simulations it becomes obvious that the post-equalizer SINR values follow different distributions for explicitly and implicitly modelled inter cell interference. In case of rank-1 interference the SINR depends on the instantaneously chosen precoding matrix in the interfering cell which leads to a widening of the SINR distribution. 

It is obvious that the existing Rel-8/9 CSI reporting test cases do not represent the performance to be expected when explicitly modelled interference is considered. It can be expected that both CQI spread and CQI mean will be impacted by explicitly modelled interference in conjunction with a MMSE-IRC receiver. Therefore, we believe that CSI reporting accuracy should be investigated during the WI phase and test cases should be defined to ensure that CSI reporting is still reliable in case that a MMSE-IRC receiver is applied.
Proposal 1: It is proposed to investigate CSI reporting accuracy within the time frame of the WI.

On the other side, the time schedule of the WI needs to be taken into account. It is planned that the WI ends in RAN4 #65, which leaves only five meetings to finalize the WI. Therefore, only a minimal set of CSI reporting test cases should be introduced during the WI phase. For example, since the focus of the WI is cell edge performance it may not be needed to introduce RI reporting test cases in Rel-11. 

Proposal 2: A minimal set of CSI reporting test cases should be defined within the WI time frame to ensure CSI reporting reliability at cell edge when a MMSE-IRC receiver is applied.  
3. Conclusion

In this contribution we investigated the impact of rank-1 interference. It was shown that explicitly modelled interference changes the post-equalizer SINR distributions and, therefore, impacts the CSI reporting. We believe it is necessary that within the WI also a minimal set of CSI reporting test cases is defined. 
Proposal 1: It is proposed to investigate CSI reporting accuracy within the time frame of the WI.

Proposal 2: A minimal set of CSI reporting test cases should be defined within the WI time frame to ensure CSI reporting reliability at cell edge when a MMSE-IRC receiver is applied.

We suggest to take this proposals into account for the work plan of the WI.
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