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1 Introduction
The Rel.12 NAICS WI was approved in RAN#63, where RAN4 is tasked to identify the parameter combinations that could be blindly detected jointly including if under any subset restriction, and RAN1 is responsible for deciding on the final higher-layer signalled parameters taking into account RAN4’s input. The topic was extensively discussed in RAN1#77 where the following agreements were made:
Agreements:
· The following parameters of interfering cells are signaled by higher layer

· Cell ID, PB
· CRS ports, i.e., 1, 2, and 4

· MBSFN pattern
· Restricted subset of combination of virtual cell ID and nSCID for TM10

· Maximum subset size of combination of virtual cell ID and nSCID is in the range from 6 to 12, but number of blind detection in a subframe may be less than maximum subset size of combination of virtual cell ID and nSCID

· Restricted subset of PA 

· Subset size of  PA  at most 3 (baseline) or 4 values
· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells are not signaled

· Synchronization of those parameters can be implicitly assumed at the UE when any higher layer signaling for NAICS is present

· UEs can assume the interference PDSCH resource allocation is at least 1 PRB pair when higher layer signaling for NAICS is present

· A larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signaled to UE without any impact on scheduling in the network
Agreements:
· The following parameters of interfering cells are signalled by higher layer
· Restricted subset of PA 

· Data RE to RS power offset values should apply to QPSK PDSCH transmissions 
·  The exact values of PA will be determined until RAN1#78, including existing values and possible new values
· Working assumption: TM(s) used in eNB

· “x” bits to represent supported TMs, i.e., TM1, TM2 (a “fallback” mode),TM3,TM4,TM6,TM8,TM9,TM10
· FFS: QCL
· FFS: Zero power and non-zero power CSI-RS configuration (Optionally provided by eNB)
· FFS: PDSCH starting position

· FFS: TDD UL/DL configuration of interfering cells

· FFS: How to associate the above higher layer signalling with a cell ID or other parameters (e.g., virtual cell ID, nSCID)
· Network assistance signalling from serving eNB can be provided to UEs without any new NAICS-specific report/trigger from a UE
· FFS: Network assistance signalling from serving eNB can be provided to UEs with new NAICS-specific trigger, and if so the triggering event/condition
· RAN1 will continue the discussion whether to support of 4 CRS APs based CRS-based TMs and whether NAICS precoding matrix assistance signalling may be needed in this case.
An email discussion took place over the RAN1 email reflector in June - July concerning these outstanding issues. In this contribution we summarize our views in order to complete the WI, focusing on aspects common to FDD and TDD. TDD-specific issues are discussed in a companion contribution (c.f. [1]).

2 General observation
2.1 PA 
The performance of PA blind detection is still under discussion in RAN4. A smaller PA subset size reduces UE complexity and improves the accuracy of PA and PDSCH presence/absence blind detection. On the other hand, a larger PA subset size provides more eNB power control flexibility. Taking into account the pros and cons, 3 PA value is slightly preferred, unless significant system-level performance gain of 4 PA values can be demonstrated. 
The values of PA in the restricted subset should be configurable by higher-layer signaling. The current range of PA (e.g. [-6, -4.77,-3,-1.77, 0, 1, 2, 3] dB) supported since Rel.8 should at least continue to be configurable in Rel. 12.   On the other hand, introducing new PA values for NAICS receiver should be carefully studied and justified by system performance gain.
Proposals:
· A subset of 3 PA values is preferred.

· PA values in subset restriction should be configured by the eNB, from the existing eight PA values.
2.2 Zero and non-zero power CSI-RS

ZP and NZP CSI-RS configuration of the interference cell is beneficial for NAICS receiver for at least the following purposes:
· Correct assumption of the type of symbols on different RE to configure proper PDSCH interference cancellation/suppression; 
· Correct blind decoding of other interference parameters.

Since the ZP/NZP CSI-RS of interference cell is semi-statically configured, it should be possible to include such information in the higher-layer signaling to at least reduce the UE blind detection complexity. 
Observation:

· There seems to be a benefit of signaling the CSI-RS configuration.
2.3 QCL

QCL is introduced in Rel.11 to provide a reference for timing/frequency tracking for PDSCH demodulation. If the working assumption of supporting TM10 in NAICS is to be confirmed, it seems beneficial to include QCL in the higher-layer signaling. It is noted that signaling QCL implies that NZP CSI-RS configuration should also be higher-layer signaled.
Observation:
· If the working assumption of supporting TM10 in NAICS is to be confirmed, it is beneficial to include QCL in higher-layer signaling.
2.4 PDSCH starting symbol

The time domain span of interference PDSCH (i.e., starting OFDM symbol and ending OFDM symbol) is needed for UE to correctly identify the time domain position to apply interference cancellation and suppression. Outside the span of interference PDSCH, NAICS UE can fall back to legacy MMSE-IRC receiver. 

The PDSCH starting OFDM symbol cannot be derived from PCFICH for several scenarios, e.g. PDSCH in secondary cells or in TM10. To solve this problem the UE can:  
· Alt-1: make the most pessimistic assumption and assume the last possible OFDM symbol (e.g. symbol 3) for NAICS processing, 
· Alt-2: blindly detect the first symbol carrying PDSCH,
· Alt-3: receive higher-layer configuration.
The first approach is the simplest but could degrade the NAICS performance as interference from potential PDSCH symbols can be left unexploited.  The second approach requires symbol-level PDSCH presence detection which in our discussion has not been concluded in RAN4 in terms of the feasibility and accuracy. It is worth noting that the existing RAN4 conclusions on the feasibility of PDSCH presence detection are based on simulations with per-TTI PDSCH estimation (e.g. using PDSCH samples in the whole subframe), while symbol-level PDSCH detection has not been fully studied and requires further RAN4 investigation. Nevertheless, it is clear that Alt-2 is the most complicated approach for UE implementation.
Proposal:
· UE is allowed to assume a fixed PDSCH starting symbol; otherwise higher-layer signaling should indicate the PDSCH starting symbol.
As a related issue, the PDSCH ending symbol is discussed in a companion contribution (c.f. [1]). This relates to TDD special subframe where the DwPTS length has a total of 6 possible values. 
2.5 Support of 4 CRS antenna ports

4-port CRS is an important eNB configuration and should not be penalized against 2-port CRS for NAICS deployment. In order not to create technology isolations between different LTE releases, we believe it is reasonable to include 4-CRS support in Rel.12.
The main concern regarding 4-port CRS seems to be the RI/PMI blind detection complexity for CRS-based transmission modes. If blind decoding of all RI/PMI combinations is considered too complicated, introducing RI/PMI subset restriction can be considered to limit the UE complexity. The size of RI/PMI subset restriction shall be carefully decided to achieve reasonable UE complexity and preserve sufficient eNB scheduling and precoding gain. It is possible to leave the RI/PMI subset restriction optional, especially for advanced UE which can blindly search the entire 4Tx codebook without any complexity issues. Lastly, it could be possible that the size of RI/PMI subset restriction is UE-specific, to accommodate different UE with different blind detection capability.
Proposals:
· 4Tx CRS port is supported in Rel.12 NAICS.

· Optional RI/PMI subset restriction can be considered to reduce UE blind detection complexity, and the RI/PMI subset size can be UE-specifically configured.
3 Conclusions
In this contribution we presented our views on the outstanding higher-layer signaling issues for NAICS receiver. Based on the discussion our current views are summarized below:
Proposals:
· A subset of 3 PA values is preferred, which is configurable from the existing eight PA values.

· UE is allowed to assume a fixed PDSCH starting symbol; otherwise higher-layer signaling should indicate the PDSCH starting symbol.

· 4Tx CRS port is supported in Rel.12 NAICS. Optional RI/PMI subset restriction can be considered to reduce UE complexity, and the RI/PMI subset size can be UE-specifically configured.

Observations:
· There seems to be a benefit of signaling the CSI-RS configuration.

· If the working assumption of supporting TM10 is confirmed, it appears beneficial to include QCL in higher-layer signaling.
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