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1 Introduction

In the RAN #63 meeting, a new WI named as “Network Assistance Interference Cancellation and Suppression for LTE” was approved. According to the description in WID [1], this work item is leaded by RAN1 WG, and co-worked with RAN4 WG and RAN2 WG. With respect to the objective of RAN4, the following items are included:

· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.
· As a starting point, parameters are those identified in the study item phase as desirable for blind detection, namely: 
· Presence or absence of interference 

· Transmission modes (TM)
· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern

· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
· CFI (if not coordinated and required by receiver implementation)

Generally, it’s required for RAN4 to provide input and conclusion on the parameters combinations which could be jointly and blindly detected with any potential applicable subset restrictions.  So RAN4 should mainly focus on the performance and complexity of blind detection on candidate parameters in the coming several RAN4 meetings.
In this contribution, we will discuss the feasibility of joint blind detection on some of the parameters for CRS based interference transmission. Link level simulation results for performance evaluation and implementation complexity analysis are also provided. 
2 Discussion
DMRS port detection

Before performing interference parameter blind detection of CRS based transmission, we should firstly determine whether there is the presence of DMRS based interference. The reason is in real deployment, the final applied pre-coding matrix of DMRS based transmission is determined by eNB scheduler and is not limited to predefined PMI codebook. Furthermore, eNB could configure different number of ports for CRS and DMRS based transmission. So there would be performance issues if treating DMRS based interference as close-loop CRS based interference and directly performing blind interference parameter detections. Obviously this would result in DMRS porting detection performance and complexity being also taken account into the consideration for CRS based blind detection. 

In our contribution [2], we discuss the high implementation complexity of DMRS port detection and propose to consider ways of reduce the detection complexity.  This would be beneficial and more important for CRS based blind detection. 

Observation 1:

The performance and complexity of CRS based interference parameter blind detection should take into account of the performance and complexity of DMRS port blind detection. 
Evaluated detection algorithms
In our simulations, we evaluate the following blind detection performance for CRS based interference with corresponding algorithms 
· DMRS ports detection
· The SNR based method as described in our previous contribution [3]in which it is shown to be feasible
· Spatial scheme detection
· As in [4], the provided approach to simultaneously determine the PMI/RI with the drawback that it couldn’t distinguish the precoding matrixes for rank 2 transmissions. 

· Special structure of different transmission modes could be explored for transmission mode detection, e.g. using the correlation of adjacent resource elements to identify SFBC scheme  
· Modulation detection
· Our contribution [3] provides one approach to detect the modulation order 
In the following section, we apply these algorithms to verify the performance of PMI/RI detection.
3 Simulation evaluations 
In this section, we provide the evaluation results of the blind detection performance on PMI and modulation order under the NAICS Phase-I interference conditions. The others interference parameters are assumed to be coordinated or known, i.e. the interference presence/absence, transmission mode, fixed-rank 1 and other semi-static interference parameters. Table 1 summarized the detailed simulation assumptions.
Table 1 Simulation assumptions for CRS based blind detection

	Parameters
	Values

	Interference modelling 
	One explicitly modelled interference cell

	Cases
	Case 1: INR = 7.77dB, QPSK1/2 for serving cell

Case 2: INR = 6.28dB, 16QAM1/2 for serving cell

	Propagation channel
	2x2 low, EPA5

	Transmission mode
	TM4 rank 1 for both serving and interference cell

	Channel and noise estimation
	CRS-IC based channel estimation

Noise variance is estimated after CRS-IC

	Advanced receiver
	R-ML

R.11 MMSE-IRC

	Parameters to be blindly detected
	PMI/RI detection
Modulation order

	PDCCH length
	2 symbol

	CRS configuration
	CRS colliding

CRS non-colliding


The overall performance of R-ML receiver with blind detection is plotted in Figure 1. The performance with Genie aided scheme is also provided for comparison.
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Figure 1 Performance of R-ML with blind detection in CRS colliding scenarios
From the simulation results, we can observe that 
· In CRS-colliding cases and under the simulation assumptions, the joint blind detection of PMI and modulation order brings in some performance degradation compared to Genie-aided scheme, but still achieves significant performance gain over Rel-11 MMSE-IRC receiver.  

As it had been observed in previous meetings, for TM4 interference, larger performance gain could be achieved in CRS-colliding cases due to the very poor performance of Rel-11 MMSE-IRC receiver. To have a better understanding of blind detection, we also evaluate the blind detection performance in CRS-non-colliding cases. The results are plotted in Figure 2.
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Figure 2 Performance of R-ML with blind detection in CRS-non-colliding cases

It could be observed that 
· In CRS-non-colliding cases and under the simulation assumptions, the joint blind detection of PMI and modulation order would lead to a significant performance loss compared to the Genie-aided schemes due to the lack of CRS-IC which results in bad channel estimation and hence the much worse blind detection performance

·  Rel-11 MMSE-IRC receiver performs very well and could achieve similar performance to the R-ML receiver with perfect knowledge of the interference parameters.  
Summarizing the previous simulation results, we have the following observations:

Observation 2:

· In CRS-colliding cases and from performance point of view, the joint blind detection on PMI and modulation order is feasible for CRS-based transmission assuming that other interference parameters are coordinated, restricted or known

· In CRS-non-colliding cases and from performance point of view, the feasibility of joint blind detection on PMI and modulation order is not clear and further evaluations are needed.
4 Conclusion
In this contribution, we discuss the blind detection for CRS-based interference, and then provide link level simulation to evaluate the performance of blind detection with different configurations. The following observations are made based on the analysis and simulation results:
Observation 1:

The performance and complexity of CRS based interference parameter blind detection should take into account of the performance and complexity of DMRS port blind detection.
Observation 2:

· In CRS-colliding cases and from performance point of view, the joint blind detection on PMI and modulation order is feasible for CRS-based transmission assuming that other interference parameters are coordinated, restricted or known

· In CRS-non-colliding cases and from performance point of view, the feasibility of joint blind detection on PMI and modulation order is not clear and further evaluations are needed.
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