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1 Introduction
In the last RAN1 #76bis meeting, the following working assumptions were reached on higher-layer signalling for NAICS: 

· Following parameter could be signalled by higher-layer signalling

· Information related to PB
· Set of less than 8 power offset values

· Subset of virtual cell ID

· FFS: Cell ID, CRS ports, MBSFN pattern, QCL, Supported TM, signalling or restriction related to “no Type-2 distributed resource allocation”, zero-power and non-zero-power CSI-RS, CFI

· Higher-layer signalling is configured per component carrier

· Further study is needed about blind detection or higher-layer signalling for system bandwidth, synchronization indication

In this contribution, we give our consideration on higher layer signalling for NAICS and some remaining potential issues which may be related to higher layer signalling. 

2 Higher Layer Signalling for NAICS
Cell ID, CRS ports, MBSFN pattern
Cell ID, CRS ports and MBSFN pattern are proposed to be signalled by higher layer signalling for the following reasons:

· The information of them is crucial for a victim UE to get the CRS sequence and CRS position of the interfering signal which will be further used to get the interfering channel matrix information especially for CRS-based interfering signal. However, the reliability of obtain them by UE blind detection is not guaranteed.

· They are cell-specific configured parameters, which would not be limited by non-ideal backhaul delay. Therefore, indicating them through higher layer signalling from the serving cell is feasible.
· They have already been supported by the current specification in Rel-11 for feICIC. If reuse the existing higher layer signalling design for Cell ID, CRS ports and MBSFN pattern, there would be no extra specification change for these parameters for Rel-12 NAICS.
Considering that NAICS and feICIC may not be used together, having one higher layer signalling to save the signalling overhead while indicating those parameters for both features may not be always possible. Furthermore, the signalled neighbour interfering cells for NAICS may be different from that for feICIC given that the number of interferer to cancel is limited to 1 in Rel-12 NAICS. Thus, a separate signalling for NAICS is preferred.
Proposal 1: Higher layer signalling for NAICS should include Cell ID, CRS ports and MBSFN pattern.

QCL
QCL information is necessary for the target PDSCH channel estimation, but may not be necessary for the interfering PDSCH channel estimation. Take an example for DPS scenario as in Figure 1, assuming that the PDSCH transmission point for UE1 is Cell 1 and its PDSCH transmission point changes to Cell 2 at time k+1. For the target UE (i.e. UE1), the QCL information for Cell 2 is needed at time k+1 for PDSCH channel estimation from Cell 2. However, for the victim UE (i.e. UE2), if the interfering signal is detected dynamically, for example every TTI, UE2 would do IS/IC according to NAICS information for Cell2 at time k+1, without knowing the QCL information.
On the other hand, if the interfering signal is not detected dynamically, for example semi-statically detected by UE2, UE2 might mistake QCL of Cell 1 for Cell 2, which in turn impacts the interfering PDSCH channel estimation for UE2. Thus, QCL information may be needed for the victim UE for this case.
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Figure 1  QCL in DPS scenario

Observation 1: Whether QCL information is needed for the victim UE is related to the way of interfering signal detection. If it is dynamically detected, QCL information is not needed for the victim UE.
Supported TM
Different TM of the interfering UE can lead to different interfering transmission parameters required by the victim UE. As a result, the NAICS information related to supported TM directly affects blind detection complexity as well as performance for the victim UE.
As agreed in the last RAN4 meeting, TM7 is not supported in NAICS [1]. Among the remaining TMs, the victim UE needs to know PDSCH RE mapping of the interfering signal for each RE which makes blind detection and demodulation for the interfering signal with TM3 rather complex. 

For the interfering UE with TM2, the victim UE also needs to know PDSCH RE mapping of the interfering signal, but due to the fact that TM2 is a fall back TM for most of the TMs, which suggests that it is better not limit TM2 in NAICS.
Considering that TM5 may not be widely used for CRS-based transmission, and downlink power offset may double the blind detection complexity, therefore, if complexity of UE blind detection is required to be further reduced, TM5 may be considered to be limited in NAICS.
Proposal 2: TM3 is not supported, while TM2 should not be limited, and TM5 may be limited to further reduce blind detection complexity.
Signalling or restriction related to “no Type-2 distributed resource allocation”
RA type determines LVRB or DVRB allocation for the interfering UE. For resource allocation type 2, PDSCH hopping is enabled, and the interference estimation and cancellation/suppression would be done in per PRB instead of PRB pairs, which increase the blind detection complexity a lot. In the current specification, in case of resource allocation signalled with PDCCH DCI format 1A, 1B or 1D, or for resource allocation signalled with EPDCCH DCI format 1A, 1B, or 1D, one bit flag indicates whether localized virtual resource blocks or distributed virtual resource blocks are assigned (value 0 indicates Localized and value 1 indicates Distributed VRB assignment); while distributed virtual resource blocks are always assigned in case of resource allocation signalled with PDCCH DCI format 1C. One way to reduce UE complexity is to limit DVRB usage, for example, LVRB will be always used for DCI 1A, 1B or 1D, and avoid PDSCH scheduled by DCI format 1C in the interfering cell.
Zero-power and non-zero-power CSI-RS
Since for both TM2 and TM3, the victim UE need PDSCH RE mapping information of the interfering signal, and just as in the above discussion about supported TM that at least TM2 should be supported in NAICS, resulting that PDSCH RE mapping information such as zero-power and non-zero-power CSI-RS resource configuration is needed especially when the interfering signal transmitted in TM9/10.
Further, since zero-power and non-zero-power CSI-RS resource is configured in UE-specific higher-layer signalling, but they always perform in TP-specific way in real situation, which makes indicating them through higher layer signalling from the serving cell is feasible.

Proposal 3: Zero-power and non-zero-power CSI-RS resource configuration should be indicated to the victim UE through higher layer signalling.

CFI/PDSCH start symbol
When PDSCH start symbol (CFI) of the interfering signal is configured by PCFICH from the interfering cell, it is one of dynamic interfering transmission parameters. While when PDSCH start symbol of interfering signal is configured by higher layer signalling, it also shows dynamic characteristic of interfering transmission parameters for the victim UE [2]. As a result, indicating PDSCH start symbol (CFI) to the victim UE through higher layer signalling from the serving cell seems not feasible.
One approach of resolution is that, PDSCH start symbol (CFI) is blindly detected by the victim UE. However, this approach may multiply the complexity of blind detection for the victim UE, and its performance also needs further evaluation by RAN4.
Another approach of resolution is that, the victim UE always assumes the same PDSCH start symbol between the interfering signal and itself. This approach is simple, but it may reduce IS/IC probability at UE side.
System bandwidth
Just as cell ID and CRS ports, system bandwidth is one of the key transmission parameters for getting CRS/CSI-RS sequence of the interfering signal. Also considering that system bandwidth is an almost static transmission parameter for a cell, indicating it to the victim UE through higher layer signalling from its serving cell is feasible.
Proposal 4: System bandwidth is indicated to the victim UE through higher layer signalling. 
Synchronization indication
If the serving cell and the interfering cell is unsynchronized, it can be foresee that NAICS gain will be very limited or the IS/IC operation will be very complex. As a result, NAICS would not be beneficial for any victim UEs under this situation. Thus, synchronization indication may not be needed, and the victim UE always assume it is synchronized between the serving cell and the interfering cell with the step of judging whether to operate NAICS for victim UE before IS/IC.
Proposal 5: Synchronization indication is not included in NAICS higher layer signalling.

Set of less than 8 power offset values
For downlink power control, the transmission power setting for edge users usually is higher than central users. Without loss of generality, when the victim UE suffering the strong interference from an interfering cell, the transmission power of the interfering cell can be assumed high. As a result, a predetermined threshold 
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. The victim UE may assume the P_A of its interfering UE is higher than the 
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 and blind detecting the P_A only in the range of the tradition P_A value higher than the 
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Subset of virtual cell ID
VCID for DMRS in TM8/9/10 is a UE-specific interference parameter, with value varies from 1 to 504, which makes the blind detection rather complex or requires a large dynamic signalling overhead. VCID for DMRS is to keep the UEs from different cells with difference cell ID to be orthogonal or the UEs from different TPs but with the same cell ID to be quasi-orthogonal. Thus, the VCID of an interfering cell can be set as a reduced set according to the number of the adjacent cells and the cell ID of them. For example in the homogeneous network, an interfering cell is always adjacent to 6 cells with different cell IDs. The VCID for the interfering cell may include 7 values, where 6 of them are the cell IDs of the adjacent cells and the last is its own cell ID value.
3 UE-specific or cell-specific higher layer signalling
In a real scenario, one serving cell may be interfered by multiple neighbouring cells at the same time. On the other side, the serving cell may be one of the interfering cells for another serving cell. As a result, downlink transmission parameters included in NAICS info may be exchanged through backhaul such as X2 among multiple neighbouring cells, and a serving cell may obtain multiple sets of NAICS info from different neighbouring cells. One of the remaining issues is that how a serving cell indicates these sets of NAICS info to a victim UE served by itself. In our opinion, there may be two alternatives to be considered:
Alt 1: by cell-specific higher-layer signalling
All NAICS information is broadcasted to all the victim UEs in the serving cell using cell-specific higher-layer signalling. 
Alt 2: by UE-specific higher-layer signalling
Considering that only one interferer can be cancelled for one victim UE, and different UE may be interfered by different interfering signal from different interfering cells. Thus, for a victim UE, its NAICS information may better be indicated through UE-specific higher-layer signalling. 
Alt1 consumes less signalling overhead but would take more blind detection complexity for a victim UE, while Alt2 decreases blind detection complexity for a victim UE but requires the serving cell to identify the strongest interfering cell before signalling its NAICS information to the victim UE.
Whether a serving cell has the capability to identify the strongest interfering cell for a particular victim UE in advance needs further discussion, and if it has not, Alt1 could be selected. 
4 The strongest interferer identification
The interference from only one of all the interferers, i.e. the strongest interferer, would be estimated to cancel/suppress in NAICS. As a result, there is a potential problem for NAICS that how does a victim UE identifies its strongest interferer among many interferers. Without loss of generality, the following two approaches can be considered:
Alt1: through RSRP
The victim UE identifies its strongest interferer according to RSRPs corresponding different interfering cells. For example, the interferer from the cell with the largest RSRP is identified as the strongest interferer.
Alt2: through DMRS/CRS measurement
The victim UE identifies its strongest interferer according to DMRS/CRS measurement from different interfering cells. The largest receiving interfering PDSCH power is recognized as the strongest interferer, and the receiving interfering PDSCH power is estimated through DMRS/CRS measurement based on which the interfering PDSCH signal is transmitted. For example: for DMRS-based interfering signal, the receiving interfering PDSCH power can be assumed to be the same with the receiving DMRS of the interfering PDSCH signal; while for CRS-based interfering signal, the receiving interfering PDSCH power depends not only on receiving CRS of the interfering PDSCH signal but also used PMI of the interfering PDSCH signal and CRS power boosting information such as PA and PB.
For Alt 1, the transmission directivity of interfering signal especially for closed loop spatial multiplexing and beam forming are not revealed, which suggests that the interfering signal from the cell with the largest RSRP may not be one of interferers for the victim UE. For Alt 2, for CRS-based interfering signal, victim UE needs to blind detect the PMI and PA of multiple interfering signal, but the detection reliability of some weak interferer is also weak, which may impact the accuracy for the victim UE to identify the strongest interferer and even to achieve interference cancellation or suppression gain. 
As a result, some other ways, for example introducing some assistance higher-layer signalling to assist the victim UE to identify its strongest interferer as accurate as possible may require further study.
5 Conclusion

In this contribution, we discussed remaining issues about higher layer signalling for NAICS and some remaining potential issues which may be related to higher layer signalling such as UE-specific/cell-specific higher layer signalling and the strongest interferer identification, and the following proposals and observations were made: 

Proposal 1: Higher layer signalling for NAICS should include Cell ID, CRS ports and MBSFN pattern.
Observation 1: Whether QCL information is needed for the victim UE is related to the way of interfering signal detection. If it is dynamically detected, QCL information is not needed for the victim UE.
Proposal 2: TM3 is not supported, while TM2 should not be limited, and TM5 may be limited to further reduce blind detection complexity.
Proposal 3: Zero-power and non-zero-power CSI-RS resource configuration should be indicated to the victim UE through higher layer signalling.
Proposal 4: System bandwidth is indicated to the victim UE through higher layer signalling.
Proposal 5: Synchronization indication is not included in NAICS higher layer signalling.
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