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1 Introduction
In RAN4#64bis meeting, side conditions for CSI/performance requirement were discussed a bit. Some consensuses are achieved:
· For control channel, normal PHICH can be used for demodulation

· Two aggressor cells can be explicitly modelled, one aggressor is with colliding CRS and one aggressor is with non-colliding CRS
· How to handle two aggressor cells interference is receiver agonistic. 

In this paper, we provide some preliminary simulation results based on different receiver and show our observations on these receivers.  
2 Simulation assumption
According to the current consensus, we investigate following scenario:
· Two aggressor cells are explicitly modelled

· One aggressor is with non-colliding CRS and one aggressor cell is with colliding CRS

Here, we assume two aggressor cells are with physical cell ID [1 3], and the serving cell is with physical cell ID 0. In the simulation, we consider the following receivers:

· IC 2: Both colliding CRS and non-colliding CRS are cancelled

· IC 1: only colliding CRS is cancelled, non-colliding CRS is not handled
Note: In principle, for one UE with capability to cancel one CRS, it can cancel the strongest one. This one can be either colliding CRS or non-colliding CRS. In this paper, we don’t select the strongest one to cancel. We always assume cancel the colliding CRS for comparison. 
· IC + Punc.: colliding CRS is cancelled, and non-colliding CRS is handled with soft puncture
· No IC: Rel-10 baseline receiver is assumed.
For interference level, there is no consensus on the interference level for CSI/demodulation; it should be obtained based on system level simulation. In this paper, we give two interference examples to investigate different receiver performance. One set is with [1dB 9dB] and the other set is with [6dB 9dB]. In each set, the first one is corresponding to the INR (the ratio of interference over thermal noise) of the first interference cell, and the second one is corresponding to the INR of the second interference cell. In these examples, one is with large interference difference, and one is with smaller interference difference. These interference levels will be further updated after the agreed system level simulation results are finalized. 
For PDCCH, the simulation assumption is shown in Table 1, and for PDSCH, the simulation assumption is shown in Table 2. 
Table 1: Simulation assumption for PDCCH

	Parameter
	　Value

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Interfering cell configuration
	Non-MBFSN ABS

	Cell ID
	[Serving pico cell, interference cell 1, interference cell 2] = [0, 1, 3] 

	Antenna configuration
	2x2, low correlation

	Interference modelling
	Aggressor cells are explicitly modelled, including all the key control channels, PSS/SSS/PBCH/SIB-1

	Reference channel
	Serving pico cell: [EVA5]; interfering macro cells: [EVA5]

	Equalizer
	MMSE-IRC

	Number of OFDM symbols for PDCCH
	2 symbols per subframe

	CCE aggregation level
	1

	EVM error 
	6%

	Additional delay 
	2.5 (s for interfering cell with respect to serving cell


Table 2: Simulation assumption for PDSCH TM2

	Parameter
	　Value

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Interfering cell configuration
	Non-MBFSN ABS

	Cell ID
	[Serving pico cell, interference cell 1, interference cell 2] = [0, 1, 3]

	Transmission mode
	TM2

	Antenna configuration
	2x2, low correlation

	Reference channel
	Aggressor cells are explicitly modelled, including all the key control channels, PSS/SSS/PBCH/SIB-1

	Number of OFDM symbols for PDCCH
	2 symbols per subframe

	EVM error 
	6%

	Equalizer
	MMSE-IRC

	Maximal number of HARQ transmission
	4

	Additional delay 
	2.5 (s for interfering cell with respect to serving cell

	Link adaptation
	On


3 Simulation results
In Figure 1 and Figure 3, PDCCH simulation results are provided. In Figure 2 and Figure 4, PDSCH simulation results are shown. All of them are with two explicitly modelled aggressor cells, their cell ID is [1 3]. In Figure 1 and Figure 2, the interference level is [1 9] dB, and in Figure 3 and Figure 4, the interference level is [6 9] dB. From Figure 1 and Figure 2, when the interference levels are [1 9] dB, the performance of cancelling one CRS is very close to that of cancelling two CRSs. Compared with Rel-10 baseline receiver, the gain is more than 2 dB. Based on system level simulation [1] [2] [3], the typical difference of the 1st strongest and 2nd strongest interfere is more than 8 dB in average, even more [1].  Hence, in the typical case, “IC 1” works well, as discussed in [4]. Compared with one CRS cancelation receiver, the “IC + Punc.” and “IC 2” receiver is slightly better, but the gain is marginal. 
Observation 1: In typical case, one CRS IC can achieve pretty good performance
In some extreme case, where the 1st strongest interference strength is close to the 2nd strongest interference strength, for example, [INR1 INR2] = [6 dB, 9 dB]. Simulation results for PDCCH and PDSCH are shown in Figure 3 and Figure 4. In this case, for PDCCH, “IC+Punc.” receiver can get 2.5 dB gain over Rel-10 baseline receiver, and can achieve 0.8 dB gain over the receiver which can only cancel one CRS.  Compared with two-CRS IC receiver, the loss is about 0.6 dB. For PDSCH, “IC+Punc.” receiver can get 2 dB gain over Rel-10 baseline receiver, and can achieve 1 dB gain over the receiver which can only cancel one CRS.  Compared with two-CRS IC receiver, the loss is about 0.5 dB.
From the above two cases, we can see that “IC + Punc.” can achieve pretty good performance in all the cases. If we change the interference conditions, the similar trend can be observed. For “IC + Punc.” receiver, it can combat most of the scenarios. With “IC + Punc.” receiver, only one aggressor’s channel estimation is needed, the receiver complexity can be reduced significantly, and therefore the power consumption can be reduced accordingly. It is very desirable for power-constraint terminal. If puncture receiver is considered, it can be extended to more than two interference cells with almost no complexity increase. 
Observation 2: “IC + Punc.” receiver can achieve pretty good performance in most of the cases with affordable complexity
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Figure 1: PDCCH performance with two aggressor cells whose cell ID is [1 3] and interference level is [INR1, INR2]=[1 9] dB
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Figure 2: PDSCH performance with two aggressor cells whose cell ID is [1 3] and interference level is [INR1, INR2]=[1 9] dB
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Figure 3: PDCCH performance with two aggressor cells whose cell ID is [1 3] and interference level is [INR1, INR2]=[6 9] dB
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Figure 4: PDSCH performance with two aggressor cells whose cell ID is [1 3] and interference level is [INR1, INR2]=[6 9] dB

From above simulation results, two-CRS IC receiver outperforms other receiver especially in low SNR region. But it should be remind that RAN4 should define requirements for minimum requirements, and the requirement shall be receiver agnostic. 
4 Summary
In this paper, we give preliminary simulation results for different kinds of receiver. Based on the results, we have two observations:

· Observation 1: In typical case, one-CRS IC can achieve pretty good performance

· Observation 2: “IC + Punc.” receiver can achieve pretty good performance in most of the cases with affordable complexity

The gain of different receivers depends on the side conditions, which shall be justified by system level simulation. 
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