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1 Introduction
In last RAN1 meeting, NAICS scenarios and interference conditions were discussed, and the following NAICS scenarios have been agreed [1]:
· NAICS Scenario 1

· Homogeneous network, macro only, ISD = 500m

· ITU UMa channel model

· Non-ideal backhaul between sites (same assumptions as for SCE SI)

· Coordination assumptions:

· Intra-site information exchange is possible

· Inter-site information exchange is subject to the backhaul latency

· FFS whether complexity of information exchange is also taken into account

· NB: This scenario is similar to CoMP scenario 1 in TR36.819

· NAICS Scenario 2a
· SCE Scenario 1, with the modification that the small cell deployment is sparse not clustered (FFS: 4 or 10 per macro)

· Backhaul assumptions:

· Between macro-cell and small cells within its coverage, and small nodes under the coverage of one macro: Non-ideal 

· Between macros of different sites: Non-ideal

· Coordination assumptions:

· Intra-site information exchange is possible

· Inter-site information exchange is subject to the backhaul latency

· FFS whether complexity of information exchange is also taken into account

· NAICS Scenario 2b
· Same as NAICS Scenario 2a, with the following exceptions:

· Backhaul assumptions between macro and small nodes within its coverage, and between small nodes under the coverage of one macro: “fibre access 4” as per TR36.932

· Coordination assumptions: 

· According to the backhaul assumptions, information exchange is possible in the following cases:

· Intra-site 

· Between a macro and a small node within its coverage

· Among small nodes within the coverage of the same macro

· According to the backhaul assumptions, the information exchange is subject to the backhaul latency (+ FFS complexity) in the following cases:

· Inter-site between macros 

· Between a  macro and a small node outside its coverage

In this contribution, we express our views on channels of interest and related aspects for NAICS. The remaining details of evaluation assumptions are discussed in a companion contribution [2].
2 Channels of interest
The SID of NAICS is targeting interference mitigation at receiver side for receiver performance improvement. No matter which channel, whether PDSCH, ePDCCH or PDCCH is transmitted, it may suffer interference. However, which one is worth being studied in this SID or which should be studied with first priority, especially due to the limited time for this SID, is FFS. In this section, we focus on this problem.
PDSCH 

When PDSCH is transmitted, the interference may be categorized as following:
· intra-cell PDSCH-to-PDSCH interference
· inter-cell PDSCH-to-PDSCH interference
· inter-cell ePDCCH-to-PDSCH interference
Intra-cell PDSCH-to-PDSCH interference: This interference is introduced mainly by PDSCHs of MU-MIMO users which are usually not ideally orthogonal due to non-orthogonal RS or data or precoding value. It is expected that network assisted advanced receiver could improve performance of PDSCH of MU-MIMO users. In turn, good receiver performance implies more users can be MU-MIMO user which further improves system spectrum efficiency. 
Inter-cell PDSCH-to-PDSCH interference: The interference of inter-cell PDSCH-to-PDSCH is the most common and important case for NAICS. Note that PDSCHs from different cells usually are partially overlapped (e.g. Figure 1 shows PDSCH 2 and PDSCH 3 are overlapped with PDSCH 0 and PDSCH 1 respectively), which increases the IC/IS complexity where the receiver not only needs to know interfering RS related information but also PRB location information for IS/IC operation.
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Figure1 PDSCH PRB resource overlapping for inter-cell UEs
Inter-cell ePDCCH-to-PDSCH interference: One PDSCH PRB may be interfered by multiple ePDCCHs since ePDCCH resource is allocated based on eCCE; and these multiple ePDCCHs may have different aggregation level with different DMRS port allocation. In this case, IS/IC based on eCCE other than PRB may be natural but it increases IS/IC complexity. Otherwise, R11 MMSE-IRC may be considered.
ePDCCH
When ePDCCH is transmitted, the interference may be categorized as following:
· inter-cell ePDCCH-to-ePDCCH interference

· inter-cell PDSCH-to-ePDCCH interference
· intra-cell ePDCCH-to-ePDCCH interference
Inter-cell ePDCCH-to-ePDCCH interference: ePDCCH resource is always allocated semi-statically, which makes it possible for different cells to assign PRB resources cooperatively to avoid ePDCCH-to-ePDCCH interference. However, in case of non-ideal backhaul, whether the cooperation can be realized timely needs further study , and the performance may need further evaluation.
Inter-cell PDSCH-to-ePDCCH interference: Resource allocation scheme and the way of using DMRS are different between ePDCCH and PDSCH, which needs more signalling overhead for inter-cell PDSCH-to-ePDCCH interference suppression/cancellation. Furthermore, ePDCCH resource is allocated based on eCCE, which may lead to IS/IC operation based on eCCE with complexity. Alternatively, cooperative resource allocation, CoMP, (f)eICIC can be used here to avoid or reduce interference; or R11 MMSE-IRC may be considered.
Intra-cell ePDCCH-to-ePDCCH interference: This interference is caused mainly by MU-MIMO which mainly occurs in localized ePDCCH (L-ePDCCH) for which resource allocation is based on eCCE and DMRS port allocation is bundled with eCCE location. Just as intra-cell PDSC-to-PDSCH interference, if the ePDCCH receiving performance of paired UEs can be optimized through NAICS, more UEs can be paired as MU-MIMO UE, which is beneficial for ePDCCH spectrum efficiency improvement. 
PDCCH
When PDCCH is transmitted, the interference may be categorized as following:

· inter-cell PDCCH-to-PDCCH interference

· inter-cell PDSCH/ePDCCH-to-PDCCH interference

Inter-cell PDCCH-to-PDCCH interference: PDCCH only supports distributed transmission where each PDCCH will be equally distributed over the whole system downlink bandwidth. PDCCH transmission is based on CRS; thus it is difficult to IS/IC through network assistance. CoMP, (f)eICIC, or R11 MMSE-IRC can be considered here to avoid/reduce the inter-cell PDCCH interference impact.
Inter-cell PDSCH/ePDCCH-to-PDCCH interference: This case only occurs when PDSCH/ePDCCH start symbol is different for different cells; and generally the interfered zone is less than 4 symbols. On the other hand, it is feasible to have different cell use the same PDSCH/ePDCCH start symbol to avoid inter-cell PDSCH/ePDCCH-to-PDCCH interference.

Considering all the above, PDSCH transmission will benefit the most from NAICS as it generally has larger throughput than control channels. Furthermore, control channel transmission is typically more robust to interference because of its low modulation level and coding rate. Therefore, we propose that interference suppression/cancellation for PDSCH needs to be studied first, and that for ePDCCH can be considered with second priority.
Proposal 1: Interference suppression/cancellation for PDSCH needs to be studied first, and that for ePDCCH can be considered with second priority.
3 Other related aspects
CRS-/DMRS-based
When PDSCH is transmitted, it may be based on CRS or DMRS, and the interfering PDSCH may be based on CRS or DMRS as well. Thus, categorized by RS, PDSCH-to-PDSCH interference includes the following four cases:
· case 1: DMRS-based PDSCH transmission interfered by DMRS-based PDSCH

· case 2: DMRS-based PDSCH transmission interfered by CRS-based PDSCH

· case 3: CRS-based PDSCH transmission interfered by DMRS-based PDSCH

· case 4: CRS-based PDSCH transmission interfered by CRS-based PDSCH

All of these four cases need to consider interference not only from PDSCH but also from CRS, because CRS always exists in PDSCH region for backward compatibility except for NCT or in MBSFN subframes.
For CRS-based PDSCH interfering case, feICIC in R11 has specified to inform the target UE of CRS information of the interfering cell(s) such as list of cell ID(s) and CRS port number. However, for the target UE’s data demodulation, more information besides of CRS information may be needed such as:
· Precoding information of the interfering UE
· Interfered PRB location(s)
For DMRS-based PDSCH interfering case, since the interfering UE’s PDSCH and its DMRS are transmitted based on the same precoding,  the target UE may need to know the following information:
· DMRS information of the interfering UE
· Interfered PRB location(s)
In a practical system, for a given UE, whether the interfering PDSCH signal is based on DMRS or CRS cannot be controlled. There may be UEs with PDSCH based on CRS and UEs with PDSCH based on DMRS. DMRS-based PDSCH transmission may perform better than CRS-based PDSCH transmission especially in MBSFN subframes or in NCT scenario. However, CRS exists for backward compatibility for legacy UEs, which may exist in Rel-12 or beyond networks for some time. In summary, both DMRS-based and CRS-based PDSCH transmission and interference are of the same importance for NAICS study.
Proposal 2: Both DMRS-based and CRS-based PDSCH transmission and interference should be considered for NAICS study.

SU-/MU-MIMO
For SU-MIMO transmission, inter-cell interference is the primary interference in the system as most of UEs under the most typical conditions are in SU-MIMO. This apparently is the most important case for NAICS study. 

So far for MU-MIMO transmission in NAICS, there may be two different interpretations:
Alt 1: The PDSCH of the pairing UEs are transmitted on the same time and frequency resource and with same set of antenna ports in a cell.
Alt 2: The PDSCH of the pairing UEs are transmitted on the same time and frequency resource but on antenna ports of different TPs, where the TPs can have the same or different PCI, with the DMRS antenna port and initialization parameters of pairing UEs cooperatively allocated. For example in Figure 2, UE1 in Pico 1 and UE2 in Pico 2 are the paired UEs cooperatively allocated by Pico 1 and Pico 2 on the same time and frequency resource with orthogonal reference signal ports such as DMRS port 7 for UE1 and DMRS port 9 for UE2.  
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Figure 2  Paired UEs under different TPs
According to last meeting agreement, intra-site information exchange is possible and inter-site information exchange is subject to the backhaul latency. So if Alt 2 interpretation is valid, MU-MIMO between different TPs in an intra-site area is possible.
Note that, in heterogeneous network scenario, small cells are used to offload for macro cell, causing the number of UEs in each cell usually less than that of homogeneous network scenario. Thus intra-cell MU case is more common in homogeneous network as in the interpretation of Alt 1. 
It is also worth noting that, interpretations of Alt 1 and Alt 2 show a big difference in network assistance for MU-MIMO receiver enhancement. Take CRS-based PDSCH for example, only precoding information of interfering UEs may be required for the target UE based on Alt 1 interpretation; while antenna ports and RS initialization parameters in addition to precoding information of the interfering UEs are required based on Alt 2 interpretation. The signalling under Alt 2 interpretation for MU-MIMO is more like inter-cell interference; and Alt 2 is advantageous in the aspect of unified signalling design for SU-MIMO and MU-MIMO. Alt 1 may be advantageous for simplicity or for the case when MU-MIMO interference suppression/cancellation is considered independently. Thus, if MU-MIMO suppression/cancellation is considered for NAICS, MU-MIMO definition should be clarified.
Proposal 3: SU-MIMO interference in NAICS scenario 1/2a/2b should be studied with first priority, and MU-MIMO definition should be clarified if MU-MIMO interference suppression/cancellation is considered for NAICS.

Transmission Mode
CRS-based transmission modes are TM1-7; most of which are SU transmission except TM5. With the introduction of DMRS to support transparent MU transmission, non-transparent MU transmission such as TM5 is out of less use. In general, TM4 is the most typical SU-MIMO transmission mode.
DMRS-based transmission modes are TM 8-10, all of which support MU-MIMO in a transparent way. According to last meeting’s conclusion, no CoMP for NAICS as baseline for evaluation, therefore TM10 should not be used with first priority.
Proposal 4: For DMRS-based transmission mode, TM9 should be studied with first priority; while for CRS-based transmission mode, TM4 should be studied with first priority.
4 Conclusion

In this contribution, we discussed channels of interest for NAICS and some related aspects like SU/MU, CRS-based/DMRS-based transmission mode, and so on. The following proposals are made:
Proposal 1: Interference suppression/cancellation for PDSCH needs to be studied first, and that for ePDCCH can be considered with second priority.

Proposal 2: Both DMRS-based and CRS-based PDSCH transmission and interference should be considered for NAICS study.

Proposal 3: SU-MIMO interference in NAICS scenario 1/2a/2b should be studied with first priority, and MU-MIMO definition should be clarified if MU-MIMO interference suppression/cancellation is considered for NAICS.

Proposal 4: For DMRS-based transmission mode, TM9 should be studied with first priority; while for CRS-based transmission mode, TM4 should be studied with first priority.
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