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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 the previous contributions, we have provided separate simulation results on DMRS port and modulation order detections. In this contribution, we will firstly discuss the feasibility of blind detection for DMRS-based interference parameters in terms of how to reduce the implementation complexity; and then we will provide the evaluations on the performance.
2 Discussion
In this section, we will discuss implementation complexity aspects of blind detection for DMRS based interference. DMRS port detection is an essential and first step in blind detection process. In the DMRS port detection, several interference parameters [1] will be determined, i.e. presence/absence of interference, virtual cell ID and nSCID. Also note that DMRS port detection is performed in the process blind detection for not only DMRS based interference but also as the first step for CRS based interference. It is then desirable to restrict the DMRS port detection complexity. 
In the previous RAN4 meeting, we provided the summary of detection complexity for DMRS based transmission in [2]: 
Table 1 Detection complexity of DMRS-based interference
	Parameters
	DMRS-based interference

	DMRS port 
	Sequence of RS is already known
	(DMRS_IC + NOISE_EST + PORT_BD)* PORT_NUM*INTF_NUM

	
	Sequence of RS is unknown, need detect the virtual Cell ID
	(DMRS_IC + NOISE_EST + PORT_BD)* PORT_NUM*INTF_NUM*CELL_ID_NUM

	Modulation order
	MOD_EST* INTF_NUM*LAYER_NUM


From the table, it could be observed that:
· Even given the sequence of RS is already known, the complexity of DMRS port detection is very high due to the required DMRS-IC operation which is essential to ensure the detection performance, and the many candidate DMRS ports to be detected one by one.
· If additional RS sequence detection in terms of virtual Cell ID is need, the increased complexity would become prohibitive to implement and detection error rate is expected to increase significantly.  
· Since DMRS port detection is required to be done before the detections for CRS-based interferences, it would be an extra implementation complexity in additional to CRS-based detection operations. 
The above observations show that to simplify the DMRS port detection implementation complexity has become essential for both DMRS and CRS-based blind detection. Several candidate ways could be further studied for reducing the implementation complexity:
· Introduce the orthogonal DMRS design between neighbour cells

· Signalling the information of DMRS RS to UE

· Restrict the candidate set for DRMS port detection
Proposal 1:
From the complexity point of view, the fully unrestricted DMRS port blind detection would be too complex to implement, and related design and restrictions should be introduced to simplify the detection procedure.
3 Evaluation
In this section, we will evaluate the performance of blind detection on the joint detection of DMRS port and modulation order. The detection algorithms in our simulation follow the same ones described in our previous contribution [2]. The other simulation parameters are assumed to be coordinated or known to UE, e.g. starting symbol of PDSCH, virtual Cell ID, Cell ID and PB. Table 1 provides the detailed simulation assumptions:
Table 1 Simulation assumptions for DMRS 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
	TM9 rank 1 for both serving and interference cell

	Channel and noise estimation
	DMRS-IC based channel estimation

Noise variance is estimated after DMRS-IC

	Advanced receiver
	R-ML

R.11 MMSE-IRC

	Parameters to be blindly detected
	DMRS port

nSCID
Modulation order

	PDCCH length
	2 symbol


The simulation results for the performance of R-ML receiver with DMRS port and modulation order joint detection under NAICS Phase-I interference condition are 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 modulation order detection

The results shows that under the simulation assumptions, DMRS port and modulation order joint detection doesn’t result in signification performance loss compared to the case in which both parameters are perfectly known. It should be noted that DMRS IC is assumed in the detection and the lack of it will bring in degraded channel estimation, and its final impact on the detection performance needs further evaluation. Also in the simulation assumptions, only the strongest interference cell with rank1 transmission is considered. Larger detection performance degradation is expected for higher rank and multi-cell interference transmissions.     
Proposal 2:

For single layer DRMS transmission from both serving and interference cells, the DMRS port and modulation order joint blind detection could achieve performance gains over Rel-11 IRC receiver without significant performance degradation compare to the Genie-aided scheme. 

4 Conclusion
In this contribution, we discuss the implementation complexity of DMRS port detection followed by the link level simulation to evaluate the performance of joint blind detection on DMRS port and modulation order. Based on the analysis and simulation results, we have the following proposals:
Proposal 1:
From the complexity point of view, the fully unrestricted DMRS port blind detection would be too complex to implement, and related design and restrictions should be introduced to simplify the detection procedure.
Proposal 2:

For single layer DRMS transmission from both serving and interference cells, the DMRS port and modulation order joint blind detection could achieve performance gains over Rel-11 IRC receiver without significant performance degradation compare to the Genie-aided scheme.
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