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1 Introduction
The NAICS WI is agreed in the RAN #63 meeting [1], and the work item is to specify network assistance signalling for LTE downlink data channels and applicable to SL-IC/R-ML/E-MMSE-IRC receivers under inter-point interference scenarios. According to the WI, the followings are the tasks for RAN1:

· Starting from the candidate parameters identified for higher-layer signalling in the study item conclusion in RAN1 and any subset restriction under which RAN4 identifies that some parameter combinations could be blindly detected jointly, RAN1 will decide on the final higher-layer signalled parameters, including any subset restriction, taking into account:

· RAN4’s input and conclusion on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters

· The system impact of higher-layer signalling or network coordination, including signalling overhead and the performance impact of any scheduling restriction due to subset restriction.

·  Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.

· Depending on the conclusion for blind detection under higher-layer signalling, dynamic signalling from an interference or a serving cell can be evaluated. 

In this contribution, we discuss the aspects of higher layer signalling for NAICS, and CSI enhancement for NAICS is discussed in our companion contribution [2].
2 Higher Layer Signalling for NAICS
As Table 1 shows, interference parameters can be divided into three categories as dynamic configured, UE-specific higher layer configured and cell-specific configured interference parameters from the perspective of interfering UE. For the victim UE, the interfering UE is UE1 for current time interval but may be UE2 for the next time interval. Thus UE-specific higher layer configured interference parameters in the standpoint of interfering UE may show dynamic characteristic for the victim UE. 
Table 1 Characteristic of Interference Parameters from the interfering UE and the victim UE perspective
	Interfering UE perspective
	SLIC/R-ML
	E-MMSE-IRC
	Victim UE perspective

	Dynamic configured
	RA type, PRB allocation for TM7, CFI, PMI for TM4/5/6, RI for TM3/4/8/9/10, Downlink power offset for TM5, DMRS antenna ports and DMRS scrambling ID for TM8/9/10, QCL indicator for TM10,  Modulation order
	RA type, PRB allocation for TM7, CFI, PMI for TM4/5/6, RI for TM3/4/8/9/10, Downlink power offset for TM5, DMRS antenna ports and DMRS scrambling ID for TM8/9/10, QCL indicator for TM10
	Dynamic

	UE-specific Higher Layer configured
	TM, P_A, VCID for TM8/9/10, CSI-RS/ZP-CSI-RS/CSI-IM configuration, nRNTI for TM7
	TM, P_A, VCID for TM8/9/10, CSI-RS/ZP-CSI-RS/CSI-IM configuration, nRNTI for TM7
	

	Cell-specific Higher Layer configured
	Cell ID, CRS antenna port number, P_B, MBSFN subframe configuration, CP length, System bandwidth
	Cell ID, CRS antenna port number, P_B, MBSFN subframe configuration, CP length, System bandwidth
	Semi-statistic


Considering interference from different cell may change slowly, cell-specific higher layer configured interference parameters, such as Cell ID, CRS antenna port number, P_B, MBSFN subframe configuration, CP length and System bandwidth, could be signalled through higher layer signalling. Cell ID, CRS antenna port number, P_B and MBSFN subframe configuration exchange between different cells has already been supported in existing specification and CP length and system bandwidth may be aligned between the serving cell and the interfering cells through network coordination. In addition, considering that CFI hardly change in practical use, as a result it can be signalled to the victim UE by higher layer signalling or keeping PDSCH start position alignment through network coordination. 
Proposal 1: At least cell ID, CRS antenna port number, P_B, MBSFN subframe configuration, CP length, system bandwidth and CFI or PDSCH starting position can be signalled to the victim UE by higher layer signalling.

Without any semi-static scheduling limitation for the interfering UE, UE-specific higher layer configured and the remaining dynamic configured interference parameters only can be detected in a blind way or signalled through dynamic signalling due to their dynamic characteristic. However, some of the UE-specific higher layer configured interference parameters or dynamic configured interference parameters have a large value range, such as PMI, TM, P_A, VCID for DMRS in TM8/9/10 and so on, which cause high blind detection complexity or large dynamic signalling overhead. As a result, in order to reduce blind detection complexity or dynamic signalling overhead, reduced set of these UE-specific higher layer configured and/or dynamic configured interference parameters for the interfering UE may be signalled to the victim UE through higher layer signalling as well.
Proposal 2: The reduced set of UE-specific higher layer configured or dynamic configured interference parameters for the interfering UE, such as PMI, TM, P_A, VCID for TM8/9/10 and so on, may be signalled to the victim UE by higher layer signalling.

In the following, we discuss in detail some possible limitation or restriction to have a reduced set of the aforementioned interference parameters.

TM: 

Just as Table 1 shows, PRB allocation indicating which PRBs are allocated for the interfering UE is needed for TM7 for all three types of receivers, i.e. SLIC, R-ML and E-MMSE-IRC. The information of PRB allocation of a TM7 interfering UE is for the victim UE to derive the sequence of reference signal to estimate the interfering channel matrix information. The reason is that UE-specific RS is only transmitted in PRBs of the PDSCH for a given UE in TM7. As a result, the PRB allocation of the interfering UE in TM7 is needed to get its reference signal sequence. However, without semi-static scheduling limitation for the interfering cell, the PRB allocation will change dynamically, in which case the signalling overhead is large and UE blind detection is almost impossible. Thus, we propose TM7 should be avoided for interfering UE in NAICS. In addition, for TM2 with SFBC and TM3 with large-delay CDD, the interfering PDSCH RE mapping is required at the victim UE for SLIC/R-ML receivers to demodulate or decode, or the interfering signal estimation would be terrible. If the interfering PDSCH RE mapping needs to be signalled, it would consume a large signalling overhead. Thus, we slightly prefer that TM2 and TM3 are of limited use for interfering UE in NAICS. 
Proposal 3: At least TM7 should be of limited use for the interfering UE, and TM2 and TM3 can also be considered to be of limited use. 
P_A: 
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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 for P_A may be configured, for example 
[image: image2.wmf]0

dB

d

³

. The victim UE may assume the P_A of its interfering UE is higher than the 
[image: image3.wmf]d

 and blind detecting the P_A only in the range of the tradition P_A value higher than the 
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Proposal 4: A threshold 
[image: image5.wmf]d

 for P_A may be predetermined.
VCID: 

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.
Proposal 5: A reduced set of the VCID for an interfering cell can be set according to the number of the adjacent cells and the cell ID of them.
PMI: 
PMI may need to be limited in order to reduce PMI blind detection complexity or dynamic signalling overhead or to increase PMI detection accuracy. The following limitation could be considered.
Alt 1: The higher layer parameter codebookSubsetRestriction can be reused to PMI limitation in NAICS, i.e., the codebookSubsetRestriction of the interfering UE should be signalled to the victim UE. However, it is UE-specific higher layer configured for the interfering UE, which will cause large signalling overhead if signalled from the serving cell to the victim UE. Instead, the codebookSubsetRestriction of all the interfering UEs from an interfering cell can be set as the same and signalled to the victim UE by cell-specific higher layer signalling.
Alt 2: In the Rel-12 scope, the advanced receiver is assumed to be capable of process up to 3 total layers (serving + interfering) and cancelling 1 interferer. If the layer of interfering cell is limited to 1 and the PMI subset including the PMIs corresponding the RI=1, the PMI detection complexity will be reduced. 
Alt 3: Considering PMI detection accuracy, the PMI subset should include the PMIs with large Euclidian distance. 

Proposal 6: PMI could be limited through reusing codebookSubsetRestriction or interfering RI limitation or selecting the PMIs with large Euclidian distance. 
RA type: 

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.

Proposal 7: DVRB should be limited in the interfering cell.
In addition, resource allocation granularity extended may be benefit to further reduce the blind detection complexity or dynamic signalling overhead. For example, considering backward compatible of resource allocation RBG size in current specification, RA granularity of 2, 4, 6 or 8 PRBs may be considered. 
Besides, network coordination such as NAICS PRBs or NAICS subframes may be considered. For example, in NAICS PRBs, high transmission power of interfering UEs may happen and the interference parameter limitation is only done in these PRBs. 
It should be noted that any interfering parameter limitation or network coordination may lead to system performance limitation, the evaluation of this limitation and its bringing IS/IC gain should be compared. 
3 Conclusion

In this contribution, we discussed higher layer signalling for NAICS, and the following proposals were made: 

Proposal 1: At least cell ID, CRS antenna port number, P_B, MBSFN subframe configuration, CP length, system bandwidth and CFI or PDSCH starting position can be signalled to the victim UE by higher layer signalling.

Proposal 2: The reduced set of UE-specific higher layer configured or dynamic configured interference parameters for interfering UE, such as PMI, TM, P_A, VCID for TM8/9/10 and so on, may be signalled to the victim UE by higher layer signalling.

In addition, some possible ways of restriction and limitation to reduce higher layer signalling overhead and/or UE complexity can be considered.  
Proposal 3: At least TM7 should be of limited use for the interfering UE, and TM2 and TM3 can also be considered to be of limited use. 

Proposal 4: A threshold 
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 for P_A may be predetermined.
Proposal 5: A reduced set of the VCID for an interfering cell can be set according to the number of the adjacent cells and the cell ID of them.
Proposal 6: PMI could be limited through reusing codebookSubsetRestriction or interfering RI limitation or selecting the PMIs with large Euclidian distance. 
Proposal 7: DVRB should be limited in the interfering cell.
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