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1 Introduction

In last RAN4 meeting, a contribution [1] was raised to discuss the performance and test feasibility of CRS-IC gain in non-TM10 CRS-colliding scenarios. During online and offline discussion, WF[2] was approved in which:

· 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.

So, in this contribution, we will further discuss the CRS-colliding scenarios and the feasibility of test cases.
2 Discussion 

With respect to the CRS-colliding condition, it was already discussed and observed in contribution [1] and approved WF [2] that:

Observation in [1]:
· CRS-IC would introduce benefit on reducing CRS interference on PDSCH or improving channel estimation for CRS-non-colliding and CRS-colliding scenarios respectively. 
· It’s possible for operator to deploy different CRS-configuration, CRS-colliding and CRS-non-colliding. 

· The CRS-colliding scenarios would be an important case even in PCI-planed network. 

Background in [2]:
· In R.11 FeICIC, PDSCH demodulation requirements are introduced for CRS-colliding cases, and obvious performance gains are observed. 

· CRS-colliding is unavoidable even with well PCI planning in current network. 

Based the above observation, it’s already the common understanding in RAN4 to realized the feasibility of CRS-colliding scenarios in real-network and the benefit of CRS-IC handling. The remaining issues would be:

· Based on which baseline receiver, how much benefit would be achieved of CRS-IC when CRS-IM?
The issues of baseline receiver for CRS-colliding scenarios had already existed in Rel-8 because of un-matched interference estimation issues, and it's a fact that we don't have a good solution for this. As clarified in online and offline discussion, we don't intend to trigger the discussion on baseline receiver for CRS-colliding, what we want to study is that with certain implementation of PSDCH baseline receiver, how much is the performance different between CRS-IC and no-CRS-IC? Each companies could provide evaluation based on own understanding on the baseline receiver, and keep the same implementation for CRS-IC and no-CRS-IC, and then achieve the performance difference between CRS-IC and no-CRS-IC. Obviously, the performance difference may come from better channel estimation.

If the companies’ results show that significant performance gain of CRS-IC based on own understanding on baseline receiver, we would tentatively discuss the feasibility of introducing test requirements to justify such UE behavior.

Observation 1:  

RAN4 should take the test requirement for CRS-colliding into consideration if significant performance gain is identified.
3 Evaluation 

In this section, we will reuse the simulation assumption in 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, 12)

	MCS and rank for serving cell transmission
	
	14, rank 1

	Interference modelling
	
	RU=10%

 INR1 = 11.75 dB, INR2 = 5.7  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:

· With given evaluation assumptions, the performance gain of CRS-IM would be about 1.5 dB @ 70% maximum throughput.
4 Conclusion
In this contribution, we discuss and evaluate the performance of CRS-IM for CRS-colliding scenarios. Based on the above conclusion, we propose that:

Observation 1:  

RAN4 should take the test requirement for CRS-colliding into consideration if significant performance gain is identified.
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