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1 Introduction

In RAN1#59, an LTE Release 12 study item (SI) on network-assisted interference cancellation and suppression (NAICS) was approved [1]. One of the objectives of this SI is to identify any physical layer changes and network signalling needed to achieve the system level gain. In this contribution, we investigate the required information at the UE for interference cancellation/suppression and discuss signalling methods.  
2 Discussion

2.1 Required information for interference cancellation/suppression
There is a high probability that the performance of a cell edge UE is degraded due to the inter-cell interference. One method to mitigate this performance loss is to adopt advanced receivers, such as linear MMSE-IRC, MLD, and symbol level IC receivers [2]. The network (macro, low power node, or both) can assist the victim UE to mitigate the interference by sending some information about the interferers. The victim UE with an advanced receiver can suppress or remove the interference, using such information on the interferers. 
To adopt the advanced receivers, the interference channel estimation at the victim UE is essential for all the receiver types. For DM-RS based transmission, the victim UE has to be informed of or blindly detect the antenna port numbers, scrambling IDs, virtual cell IDs, potentially slot numbers, and number of layers of interferers. With these information, the victim UE generates the RS sequences and thus can estimate the interference channels. For CRS based transmission, the cell IDs, potentially slot numbers and PMIs of the interferers are needed for the interference channel estimation. In addition, the resource allocation information of interfering signals may be required, unless victim signals are fully overlapped with the interfering signals in resource allocation. Note that, depending on network coordination of downlink scheduling, all or part of the interfering signal resource allocation information such as system bandwidth information, resource block (RB) gap information, potentially slot numbers, virtual RB numbers, the identifiers of localized type RB or distributed type RB is required.
Moreover, to adopt the interference cancellation receivers, not only the interference channel information but also the information of the interference data itself is needed at the victim UE to regenerate the interference signals. For the symbol level interference cancellation, the modulation order of the interference signal needs to be known to detect interference symbols. On the other hand, for the code-word level interference cancellation, the cell IDs and RNTIs (for descrambling) and modulation and coding scheme (for decoding) of the interfering signal are needed. 
Table 1 summarizes the required interference information, depending on the receiver type.  Details of the signalling method depend on the UE capability and the parameter characteristics such as whether the parameters are semi-persistently or dynamically updated and whether the explicit signalling or blind decoding based signalling.  

Table 1 Required interference information
	
	Channel estimation
	Resource allocation
	Detection
	Decoding

	
	DM-RS based
	CRS based
	
	
	

	Parameters
	antenna port numbers, scrambling ID, virtual cell ID, (slot numbers), number of layers 
	cell ID, (slot numbers), PMIs
	system BW, virtual RB numbers, RB gap, (slot numbers), identifier of localized or distributed RB
	modulation orders
	cell ID, RNTI, MCS

	Receiver type
	Enhanced MMSE-IRC, MLD, Reduced MLD, symbol level IC, code-word level IC
	MLD, symbol level IC
	Code-word level IC


2.2 signalling methods
Although some of the above mentioned information can be blindly detected depending on the UE capability, some information should be explicitly signalled to the UE.  In case interference information is slowly varying, many of the interference related parameters, especially the parameters for channel estimation, can be sent to the victim UE using semi-static signalling, e.g., RRC signalling. However, if interference information is fast varying, the information of the interference can be sent using (E)PDCCHs
In the following, we discuss signalling methods for NAICS using a single (E)PDCCH or multiple (E)PDCCHs.
2.2.1  Single (E)PDCCH 

In the single-(E)PDCCH signalling method, a single (E)PDCCH carries both the conventional control information and interference-related information for the UE. If the single-PDCCH signalling method uses only the conventional CCE aggregation levels (1, 2, 4, 8) it may not be able to reliably carry the increased DCI payload. In this case, to accommodate the increased  DCI size, new higher CCE aggregation levels can be used for (E)PDCCH. The introduction of new aggregation levels increases the number of (E)PDCCH blind decoding. 
2.2.2  Multiple (E)PDCCHs
If the signalling payload size is large, multiple (E)PDCCH transmissions can be considered without introducing additional CCE aggregation levels. In this method, as shown in Fig 2, one (E)PDCCH carries conventional information for the  UE and the other (E)PDCCHs carry the interference information. If all the multiple (E)PDCCHs are scrambled with a common RNTI,  the DCI may contain an identifier to discriminate each (E)PDCCH. Alternatively, different RNTIs can be used for different (E)PDCCHs for identification. 
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Figure 1 Multiple (E)PDCCH signalling (one for conventional information and the others for interference information)
Proposal:  
For NAICS, depending on the channel condition and the victim UE capability, some information on the interfering signal is needed to be sent via (E)PDCCH. For signalling using (E)PDCCH, single (E)PDCCH based signalling and multiple (E)PDCCH based signalling can be considered.  
3 Conclusions

In this contribution, we have discussed the required information of interference, depending on the receiver operations such as channel estimation, resource allocation, detection, and decoding. We have discussed signalling methods using a single or multiple (E)PDCCHs. 
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