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1 Introduction

In RAN #59, an LTE release 12 study item on network-assisted interference cancellation and suppression (NAICS) was approved [1]. The main objective of this SI is to identify advanced receiver structure that can be used for co-channel interference mitigation with or without network signaling assistance. In accordance to RAN 4 LS [2]. Several non-linear receiver structures such as ML/R-ML, SLIC and CWIC were identified as promising candidates for the future NAICS evaluations. Another objective of this SI is to identify the a need of network signaling assistance about parameters of interfering signals for the advanced receivers. In this contribution, we focus on the performance improving method for DMRS based IC receivers. In addition, we discuss the required network coordination/signaling for DMRS based IC receivers. 
2 Discussion
2.1 Background
We considered interference cancellation (IC) receivers used with transmission mode (TM) 8,9,10, where DMRS is used for channel estimation. To improve the performance of IC receivers, the accurate interference channel estimation is essential. 

Figure 1. DMRS allocation and DMRS collision
As shown in figure 1, in TM 8,9,10, the DMRS resource collision may occur between the DMRS resource for the desired (or victim) UE and the DMRS resource for interfering UE. In sense of desired channel (the channel from victim cell BS to victim UE), the path loss of desired channel is usually smaller than that of interfering channel. Therefore the desired channel estimation performance degradation due to the interfering DMRS is limited. On the contrary, in sense of interfering channel estimation, desired channel DMRS works as interference. 

Here, we consider the performance improving method of interference channel estimation by minimizing the interfering effect of the desired signal DMRS. 

2.2 The interference channel estimation performance improving methods
Orthogonal DMRS resource allocations
To avoid the DMRS collision, current LTE/LTE-A supports orthogonal DMRS resource allocation methods. In LTE/LTE-A specification, maximum 8 orthogonal DMRS resource can be supported with length 4 orthogonal Walsh code and 2 subcarriers. To keep the DMRS orthogonality between cells, virtual cell IDs are shared between cells. By sharing the virtual cell IDs, victim cell and the interfering cell can use 8 othorgonal DMRSs. In other words, each cell can support 4 inter-cell interference free DMRSs. However, in case that more than 4 DMRSs have to be used, the DMRS orthogonality between cell cannot be maintained.   
(Proposed) desired DMRS cancellation methods
Inspired by the fact that for the reliable demodulation the desired channel estimation is generally accurate, we propose the desired DMRS cancellation method during the interference channel estimation. Figure 2 shows the structure of the proposed IC receiver. With the desired channel estimate and the known DMRS sequences, proposed scheme regenerate the received desired DMRS signals and cancel it out from the received signals. Thereby we obtain the desired DMRS cancelled received signals. With these signals, we can estimate the interference channels more accurately. After then, the remaining receiver process is the same as the normal IC receiver process such that regenerates the received interfering signal and cancel it out. 

Compared with the orthogonal DMRS resource allocation method, although proposed desired DMRS cancellation method increases the receiver complexity, the proposed method can support 8 DMRS resources per cells while minimizing the influence of the interfering DMRS. 
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Figure 2 The structure of proposed desired DMRS cancellation based IC receiver
2.3 Network coordination/signaling for DMRS based IC receiver
Compared with ordinary IC receiver, the proposed desired DMRS cancellation based IC receiver does not require any additional information. Because, desired DMRS cancellation can be implemented with the IC receiver known information such as estimates of desired channel and known DMRS sequences. Therefore discussing the network coordination/signaling for DMRS based ordinary IC receiver is enough. Here we summarize the necessary information for DMRS based IC receiver and discuss its signaling methods. 

The required information to deploy the DMRS based IC receiver can be categorized into two categories. One is for the channel estimation related parameters, such as MBSFN configurations, (virtual) cell ID, transmission mode, data to RS EPRE (PB), scrambling ID (nSCID), DMRS antenna ports. The other is the detection/decoding related parameters. For symbol level IC, modulation order is required and for code-word level IC, MCS, RNTI (for descrambling), redundancy version, zero-power/non-zero power CSI-RS resource information. 

Among the above mentioned parameters, MBSFN configuration, (virtual) cell ID, data to RS EPRE (PB), zero-power/non-zero-power CSI-RS information are cell-specific information. On the other hand, transmission mode, nSCID, DMRS antenna ports, modulation order, MCS, RNTI, and redundancy version are PRB-specific parameters. In case of cell-specific parameters, signalling overhead is not burdensome. But the signaling overhead of PRB-specific parameter is large because PRB-specific parameters can be dynamically changed in every PRB. 

To reduce the PRB-specific parameter overhead, we can consider the PRB alignment between cells. In other words, through the cell coordination, we can align the resource allocation, transmission mode, MCS of PRBs. In addition, we can think of blind detection of modulation order, transmission mode of interfering signals instead of explicit signaling. 

3 Conclusion

We have discussed the performance improving method for DMRS based IC receivers with improving the interference channel estimation. We have discussed the orthogonal DMRS resource allocation method which was already used in CoMP scenarios and proposed the desired DMRS cancellation methods. In additions, we summarized the required network coordination/signaling for DMRS based IC receivers. 
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