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1 Introduction

The objectives of the study item, according to SID [1], responsible for RAN1 in current stage are the following:

3. (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers 

In this contribution, we’d like to discuss the network signalling methods of interference indication and show our preference. 
2 Basic approaches of NAICS signalling
For scenarios with inter-cell interference, PDSCH-to-PDSCH interference is mainly considered at current stage [2], and we have also evaluated the PDSCH Collision Statistics in a companion contribution [4]. Each neighbor cell could be a possible interferer of certain UE belonged to serving cell, but only neighbor cells have transmitting signals colliding with victim UE are actual interferers. Among these actual interferers, only few of them are dominant interferers, which can be explicitly suppressed or canceled, of certain UE. Since only victim UE itself knows the exact dominant interferers after receiving and estimating each interferer, possibility based on RSRP/RSRQ measurement may be probably adopted for prioritization of dominant interferer. To obtain such knowledge of which PDSCHs are interfering with certain PDSCH and which interfering PDSCHs of certain PDSCH are dominant interferers, serving cell needs both eNB-to-eNB exchange and feedback from victim UE. Exchange between neighboring eNBs dependents on backhaul capability (e.g., delay), while UE feedback dependents on property of measurement.
Based on whether NAICS capable UEs need short-term measurement reporting like CSI to the network, we can categorize following two basic approaches on NAICS signalling. Note long-term measurement reporting like mobility measurement of RSRP/RSRQ is available in both methods.
Method 1: eNB provides large set of interference information and UE uses subset of the information based on UE short-term measurement.

This will increase the amounts of interference information received by each UE, but additional UE reporting and low latency backhaul are not required. The choice by UE can reduce the misalignment caused by measurement delay. Such interference information can be shared by multiple UEs. For example, eNB sends interference information of possible neighbor cells in NAICS cell-set, NAICS capable UE selects the information of dominant interference based on its measurement. 
Method 2: Network provides customized NAICS short-term information based on UE short-term measurement and/or backhaul exchange.

This will reduce the amounts of interference information, but UE is required to report multiple short-term interference information like CoMP multiple CSI. Whether reusing existing measurement mechanism needs some discussions. The backhaul latency should be low. Such interference information is UE-specific, thus interfering cell with less possibility to be dominant interferer of reporting UE could be excluded from the NAICS signalling of interference information. 
Above two methods are not mutually exclusive. Combination is possible. Furthermore, the two methods are somehow relevant with backhaul delay assumption. We will discuss it in detail in following section.
3 Signalling for different interference information
Among interference information, some of the information is long-term (semi-static) for a certain victim UE. This information includes cell’s physical ID, antenna No., BW, MBSFN configuration, CP length, 
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 and so on. This information is informed by feICIC related RRC signalling (i.e. NeighCellsCRS-Info-r11). Therefore, we propose to inform them via RRC similar to feICIC RRC signalling. The exact contents can be further discussed.
Proposal 1: Long-term interference information should be indicated by RRC signalling (similar to feICIC RRC signalling).
Short-term (dynamic) interference information, of a certain victim UE, includes CFI, RB allocation, MCS, HARQ RV, TPMI/RI, DMRS ID, interfering signal's 
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and so on. Interfering UE's assigned C-RNTI or equivalent may be categorized here. Note the need of FEC related information like MCS, HARQ RV and so on depends on receiver assumption.  This information can be indicated only via L1 signalling. This information can have large size and be delay-sensitive.  We think to inform them via EPDCCH would be more preferable since PDCCH is already crowded.
If interference is from non-serving cell with non-ideal-backhaul, method 1 of interference information transmitted by interfering cell would be only possible choice. As information of interfering cell would be common for multiple UEs, groupcast EPDCCH is much more efficient and feasible. This scheme can be also used when the interference is from serving cell (intra-cell interference) or non-serving cell (inter-cell interference) with ideal backhaul. Therefore, we propose following.
Proposal 2: Groupcast-based EPDCCH transmitted from interfering cell is suggested for both ideal backhaul (also can be from serving cell) and non-ideal backhaul for signalling large set of interference information (method 1)

When interference is from serving cell (intra-cell interference) and/or non-serving cell (inter-cell interference) with ideal backhaul, both method 1&2 of interference information transmitted by serving cell or interfering cell would work. Especially for method 2, the UE-specific information of possible dominant interfering cell can be further reduced by comparing the scheduling between serving cell and interfering cell. So we propose following.
Proposal 3: Unicast-based EPDCCH transmitted from interfering cell or serving cell is suggested for ideal backhaul or intra-cell interference for signalling customized interference information (method 2)
4 Summary

In this contribution we discussed the possible signalling mechanisms for interference information. Our proposals are following:
Proposal 1: Long-term interference information should be indicated by RRC signalling (similar to feICIC RRC signalling).
Proposal 2: Groupcast-based EPDCCH transmitted from interfering cell is suggested for both ideal backhaul (also can be from serving cell) and non-ideal backhaul for signalling large set of interference information (method 1)

Proposal 3: Unicast-based EPDCCH transmitted from interfering cell or serving cell is suggested for ideal backhaul or intra-cell interference for signalling customized interference information (method 2)
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