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1 Introduction

In RAN4 #76, WF [1] was agreed to further evaluate whether to introduce demodulation requirements for CRS colliding scenario. Many assumptions captured in WF [1] were listed in the following.
· Companies are encouraged to provide further evaluation and analysis on the performance gain when CRS-colliding with reasonable reference receiver

· Baseline receiver: MMSE-IRC 

· CRS-IM receiver: MMSE-IRC +CRS-IC

· Whether introducing demodulation requirements for CRS-colliding case depends on further study in RAN4.

· The agreed assumptions for non-TM10 non-colliding cases are suggested to be reused, except for CRS configuration

· First interference cell colliding, second non-colliding.

 In RAN4 #76bis, based on the agreed assumptions in last meeting, simulation results from a few of companies were provided. Because the provided simulation results were based on different test cases and different assumptions, it is difficult to align, no consensus was reached. The concerns from different companies mainly includes,
1) How often the two CRS colliding case happen?

2) The performance gain is from cancelling first stronger colliding CRS or cancelling second weak non-colliding CRS?
Based on the concerns in last meeting, we will further discuss the CRS-colliding scenarios and evaluate colliding CRS test in this contribution.
2 Discussion 
With respect to probability of the CRS colliding happening, it was already discussed in the contribution [2], and we cite some from [2] in the following,
Taking 2TX antenna for example, there are only three non-overlapping CRS options for the network, and CRS-colliding will inevitably occur in well-planed network. And in the future, with more and more Pico cell, it becomes harder to plan a no-colliding CRS-configuration between cells. So, from this point, the CRS-colliding scenarios would be important scenarios.
To verify which aspect the performance gain comes from (the first colliding CRS or second non-colliding CRS?), we give detailed evaluation in the next section.
3 Evaluation 

In this section, we will reuse the simulation assumptions for CRS-no-colliding test cases, except for the CRS-colliding configuration. Detailed parameters were listed in Table 1.
Table 1 Test parameters for CRS-IM gain tests

	parameters
	Units
	Test 1

	bandwidth
	MHz
	10

	scheduled frequency resource
	PRB
	50

	Number of control OFDM symbols
	
	2

	Transmission mode for both serving and interference cell
	
	TM2/3/3

	CRS port 
	
	Port 0, 1

	Cell ID
	
	(0, 6, 11)

	MCS and rank for serving cell transmission
	
	14, rank 1

	Interference modelling
	
	RU=20%

 INR1 = 10.45 dB, INR2 = 4.6  dB

	Propagation channel
	
	EVA5

	antenna configuration
	
	2x2, low

	Time-frequency offset for interference 
	
	1st interference cell: 3us, 300Hz
2nd interference cell: -1us，-100Hz


The simulation results are shown in Figure 1.
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Figure 1 throughput performance of CRS-IM when CRS-colliding 

Based on the evaluation results, it could be observed that:

Observation 

· The demodulation performance gain of CRS-IM is significant compared to MMSE-IRC receiver.)
· The gain from cancelling first colliding CRS is much greater than second non-colliding CRS. 

· Test case TM2/3/3 has significant gain in CRS colliding scenario. 

From the simulating results, we observe that the gain mainly comes from the improved channel estimation rather than cleaning CRS interference on PDSCH tones.
Based on the above discussion and observation, we propose that 

Proposal 

RAN4 should take the test for CRS-colliding scenario into consideration. 
4 Conclusion
In this contribution, we discuss and evaluate the performance of CRS-IM for CRS-colliding scenarios. Based on the above evaluation, we have the following observations:

Observations 

· The demodulation performance gain of CRS-IM is significant compared to MMSE-IRC receiver.

· The gain from cancelling first colliding CRS is much greater than second non-colliding CRS. 

· Test case TM2/3/3 has significant gain in CRS colliding scenario. 

Based on the above discussion and observation, we propose that 
Proposal 
RAN4 should take the test requirement for CRS-colliding into consideration.
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