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1 Introduction

In the CRS-IM WID, regarding the CRS configuration, it was described in the objection, that:
· RAN4 is to prioritize and initiate the work for non-colliding CRS: 

· In the case of non-colliding CRS, the CRS between serving and dominant aggressor/interfering cell as well as CRS between dominant aggressor/interfering cells are assumed to be non-colliding.

· The case of colliding CRS should be studied, prior to decide to introduce associated requirement scenarios

· In the case of colliding CRS, the CRS between the serving and dominant aggressor/interfering cells and/or CRS between dominant aggressor/interfering cells are assumed to be colliding.

In the previous RAN4 meeting, we had already discussed the performance of CRS-IM gain in CRS-colliding scenarios [1], and currently agreements of CRS configuration was captured in [2], which was:
· Non-colliding CRS is configured for the interference cells 

In this contribution, we will firstly discuss the potential impacts of CRS-colliding configuration on realistic network, and then provide link level evaluation to investigate the performance gain of CRS-IC in CRS-colliding scenarios. Finally, based on our analysis and evaluation, we would like to suggest RAN4 further evaluate and identify the evaluation results in CRS-colliding scenarios and then make decision on whether to introduce test requirements on CRS-colliding.

2 Discussion 

Considering more and more advanced physical features were introduced into LTE, such as FeICIC, NAICS, CRS-IM, it would be attractive for the operator network (FDD) to deploy the synchronization network for the purpose of enabling new features. In this situation, the CRS-IC would be beneficial to mitigate the CRS-IC interference and then promoting the network performance, especially when the network is light-loaded.

With respect to CRS-configuration and CRS-IC receiver, the CRS-IC can mitigate the CRS-interference and then reduce the interference on PDSCH (CRS-non-colliding), or improve the CRS-based channel estimation (CRS-colliding), So, from this point of view, CRS-IC could bring performance gain for both CRS-non-colliding and CRS-colliding respectively.

Observation 1:  

CRS-IC is beneficial to reduce the CRS interference on PDSCH or improve the channel estimation for CRS-non-colliding and CRS-colliding scenarios respectively. 

Regarding the CRS-configuration in real network, it would depend on operator’s choices, CRS-colliding or CRS-non-colliding. For example, as discussed in NAICS, the NAICS gain would be much bigger when CRS-colliding, because CRS-IC could bring better channel estimation and then results in better performance on blind detection and R-ML receiver; while in other hand, the CRS-colliding configuration would lead to inaccurate estimation of noise and interference for demodulation and CSI measurement when the network is partially loading. 
Observation 2:  

It’s possible for operator to deploy different CRS-configuration, CRS-colliding and CRS-non-colliding. 

Even more, 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.
Observation 3:  

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

Based on the above discussion, the CRS-colliding would become an important scenario in future network, and CRS-IC is expected to achieve performance gain because of better channel estimation. So, we would like to suggest RAN4 further investigate the feasibility and benefit of CRS-IM in CRS-colliding scenarios.

Proposal 1:  

It’s suggested for RAN4 to further identify the performance gain of CRS-IM in CRS-colliding scenarios.

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:  

CRS-IC would introduce benefit on reducing CRS interference on PDSCH or improving channel estimation for CRS-non-colliding and CRS-colliding scenarios respectively. 
Observation 2:  

It’s possible for operator to deploy different CRS-configuration, CRS-colliding and CRS-non-colliding. 

Observation 3:  

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

Proposal 1:  

It’s suggested for RAN4 to further identify the performance gain of CRS-IM in CRS-colliding scenarios.
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