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1 Introduction

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

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 

It was agreed during RAN1#74bis that the performance impact of blind parameter detection (BPD) has to be taken into account for system level evaluations [2]. 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 the considered NAICS scenarios [3], the focus is currently on the PDSCH-to-PDSCH interference. In general, each neighbor cell could be a possible interferer to certain UE, but only neighbor cells with colliding PDSCH transmissions will actually cause interference to the considered interference victim UE. And among these actual interferers, only a small number will be dominant interferers which can be explicitly suppressed or canceled. Since only the interference victim UE itself knows the exact dominant interferers after estimating each interferer’s power, it could be possible classify the interfering cells based on RSRP/RSRQ measurements. To obtain knowledge on which PDSCHs from dominant neighboring cells are interfering with an interference victim, the serving cell requires both eNB-to-eNB information exchange and feedback from the served interference victim UE itself. The quality of the information exchange between neighboring eNBs dependents thereby on backhaul constraints such as delay , while the UE feedback dependents on the corresponding measurement and parameter estimation quality.

Based on whether NAICS capable UEs need short-term measurement reporting such as CSI to the network, we can categorize NAICS signaling into following two basic approaches. Note that long-term measurement reporting such as RSRP/RSRQ mobility measurement of is available in both cases.
Method 1: The network provides a large set of interference transmission parametersand the victim UE uses only subset of that interference information based on its own short-term measurements.

This approach will result in certain downlink signaling overhead depending on the amounts of interference information sent to each UE, but additional UE reporting and low latency backhaul are not required. The decision on UE side on which part of the interference information will be used can reduce the misalignment caused by the delay from CSI measurement to actual cancelling operation. The interference information provided by the network could also be shared by multiple UEs in terms of broad or multicast transmissions. The network could for example send interference information of possible neighbor cells of a configured NAICS cell set; a NAICS capable UE would then use the interference information of dominant interference based on its own measurements. 
Method 2: The network provides customized NAICS short-term information based on UE short-term measurement and/or backhaul exchange.

This will reduce the amount of interference information provided by the network, but the UE is required to report multiple short-term interference measurements similar to multiple CSI reporting in CoMP. Whether it is possible to reuse existing measurement mechanism requires further discussion. However, it can already be said that the backhaul latency has to   be low in order to support such an approach. Since the provided interference information is UE-specific, neighboring cells with low probability of becoming a dominant interferer for the considered UE could be excluded from the NAICS signaling. 
The two methods described above are in general not mutually exclusive, combinations are possible. Which method or combination of these is most beneficial strongly depends on the backhaul delay assumptions. We will discuss it in detail in the following section.
3 Signalling of interference information

Within the interference information in terms of interference transmission parameters, certain parameters can be considered is rather static over the long term for a given interference victim UE. These parameters of an interfering cell  comprise NAICS supported  cell ID, number of antenna ports, bandwidth, MBSFN configuration, CP length, 
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, potential  scheduling restriction configurations for facilitating  blind interference parameter detection, etc. These parameters could be provided to the interference victim UE similar to the FeICIC related information by means of RRC signalling (i.e. NeighCellsCRS-Info-r11). 
Though some transmission parameters of an interfering cell (such as cell ID, cyclic prefix length and , CRS configuration) can be determined by blind detection during cell search procedure and PBCH detection, some further necessary information still needs to be provided  additionally. Based on cell search and PBCH detection it is for example not possible for the EU to know which cells actually support NAICS. 
It therefore is indicated by means of RRC signaling which cells support NAICS.  Scheduling restriction configurations can also not be determined based on blind detection. This suggests that the indication of certain long-term interference information is inevitable, while blind parameter detection can be optional depending on receiver and scenario. Only minor additional overhead will be introduced by indication of the required long term interference parameters. We propose to provide them to the interference victim UE by means of RRC similar to the FeICIC related RRC signaling. The exact contents should be addressed in can be further discussions.
Proposal 1: Long-term interference information should be indicated by RRC signalling (similar to FeICIC related RRC signalling).
Short-term (dynamic) interference information comprises CFI, RB allocation, MCS, HARQ RV, TPMI/RI, 
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, etc. Interfering UE's assigned C-RNTI or equivalent would be required for CWIC receiver. Note that the need for Codeword related information such as PDSCH allocation, MCS (coding rate part of the information), HARQ RV and so on depends on receiver assumption, for example, interfering RBs non-overlapped with victim’s RBs and C-RNTI need not to be indicated for non-CWIC receiver.  This information has to be indicated dynamically via L1 signalling. This delay-sensitive information can consist of a large set of interference transmission parameters depending on the interference transmission mode.  We think therefore that conveying this information via EPDCCH would be preferable due to rather scarce PDCCH resources. 
Another issue is the increased amount of blind decoding trials corresponding to interfering DCI format to be monitored. One possible option to solve this is implicit indication of interference (E)PDCCH candidate based on successfully decoded (E)PDCCH candidate (i.e. BD for traditional DCI but scheduled decoding for interfering DCI).
If interference comes from a neighbor cell with non-ideal-backhaul connection, Method 1 described in Section 2 would be the only possible choice for sharing interference information and this has to be done by the interfering cell itself via the air interface. As the information of interfering cell would be common for multiple interference victim UEs, groupcast EPDCCH seems to be an efficient and feasible solution. This scheme could furthermore also be used in case of interference coming from the serving cell itself (intra-cell interference) or from neighbor cells with ideal backhaul connection. Therefore, we propose following:
Proposal 2: Groupcast-based EPDCCH transmissions from interfering cell are suggested for both ideal backhaul (also can be from serving cell itself) and non-ideal backhaul for signalling large sets of interference transmission parameters.
When interference comes from the serving cell itself (intra-cell interference) and/or from a neighbor cell (inter-cell interference) with ideal backhaul connection, both Method 1 and Method2 described in Section 2 for sharing interference information would work in general. Especially for Method 2, the UE-specific amount of information regarding a possible dominant interfering cell could be further reduced by taking into account certain scheduling coordination approaches between serving cell and interfering cell. So we propose following:
Proposal 3: Unicast-based EPDCCH transmissions from interfering or serving cells are suggested for signalling customized interference transmission parameter sets in case of ideal backhaul or intra-cell interference.
Blind parameter detection of interference transmission parameters is currently under discussion in both RAN1 and RAN4 because of significant reduction of signaling overhead. Based on our understanding, the blind parameter detection (BPD) can be categorized into three types:

Type A: BPD of long-term interference parameters such as cell ID, MIB, CRS configuration, MBSFN configuration, etc.
Type B: BPD of short-term interference parameters without scheduling restrictions, e.g., modulation order, transmission power level and etc.
Type C: BPD of short-term interference parameters in combination with scheduling restrictions, e.g., RB allocation of CRS-based TM, TPMI/RI, DMRS ID and etc.
As discussed above, we think that Type A does not have to be mandatory for NAICS receivers because of minor overhead reduction benefits and unnecessary complexity introduction. This information can easily be provided via higher layer signalling. Regarding Type B and Type C, we think it is not so reasonable to adopt BPD for non-ML receiver (e.g., E-LMMSE-IRC and SLIC) because the non-ML receiver will actually become a ML receiver if blind detection too many interference transmission parameters is performed. It does not seem to be reasonable to introduce more complexity for the blind detection of transmission parameters than for the receiver filtering it. Regarding Type C, we think that the performance impact of scheduling restrictions has to be taken into account in addition to potential BPD errors in the system level modeling.  We propose therefore the following:
Proposal 4: Short-term interference transmission parameters should be indicated by L1 signalling in combination with a proper degree of blind parameter detection.
Proposal 5: When deciding about which interference transmission parameters should be indicated via L1 signalling and which ones would be determined via blind detection, following should be taken into account:

· L1 signalling overhead

· Blind detection error probabilities

· Blind detection complexity depending on receiver type
· Impact of scheduling restrictions

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 related RRC signalling).
Proposal 2: Groupcast-based EPDCCH transmissions from interfering cell are suggested for both ideal backhaul (also can be from serving cell itself) and non-ideal backhaul for signalling large sets of interference transmission parameters.
Proposal 3: Unicast-based EPDCCH transmissions from interfering or serving cells are suggested for signalling customized interference transmission parameter sets in case of ideal backhaul or intra-cell interference.
Proposal 4: Short-term interference transmission parameters should be indicated by L1 signalling in combination with a proper degree of blind parameter detection.
Proposal 5: When deciding about which interference transmission parameters should be indicated via L1 signalling and which ones would be determined via blind detection, following should be taken into account:

· L1 signalling overhead

· Blind detection error probabilities

· Blind detection complexity depending on receiver type
· Impact of scheduling restrictions
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