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1Introduction
In RAN#63, an LTE Release 12 work item on Network-Assisted Interference Cancellation and Suppression (NAICS) was approved [1]. One of the objectives of the WI is to identify a higher-layer signalling about parameters of interfering signals to assist the NAICS receivers. The higher-layer signaling can be used to provide information about semi-static cell-specific parameters and subset of dynamic or UE-specific parameters of the interfering signals. The list of the possible candidate parameters for signaling assistance was identified in RAN1#76 meeting as follows:

· 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

Although evaluation and complexity analysis of blind detection of all interfering signal parameters (both semi-static and dynamic) for NAICS receivers is still ongoing in RAN4, this contribution provides our views on the possible higher-layer signalling assistance.

2 Higher layer signalling for semi-static parameters

Signalling of the power offset values (Pa)
For CRS based transmission modes PDSCH power can be controlled at the eNB. For 16QAM and 64QAM modulations the information about the actual power offset values on PDSCH on the serving cell is semi-statically indicated to the UE via RRC signalling. To facilitate PDSCH IS/IC receiver, the possible power offset values that could be used at the interfering cell should be available. In principle, this information can be blindly estimated at the UE. However, considering the relatively dense grid of the possible power boosting values (e.g., Pa = {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB), reliable estimation of this parameter in the blind receiver within an entire range may be complicated. Therefore, power offset subset indication about the expected power boosting values on the interfering cell should be considered for the practical NAICS receiver. The maximum number of the power offset value in the signalled subset should be decided in RAN4 with consideration of the blind detection complexity. In addition, to facilitate PDSCH IC/IS receiver for all modulations on the serving cells the higher layer signaling of the power offset parameters should be extended to QPSK modulation. Given that QPSK modulation could be also used by the network for different purposes e.g. for transmission of the system information shared by multiple UEs, further discussion is required whether to introduce a separate RRC power offset parameters relevant for QPSK modulation only.
Proposal:

· Introduce higher layer signalling for the subset of the power offset values that could be used on the interfering cell
· Extend higher-layer signaling of the power offset parameter P​a on serving cell to QPSK modulation

· Further discussion is needed whether to introduce dedicated parameters for QPSK modulation.  
In principle the power offset Pa setting could be modulation depended. It can be seen from the current BS performance requirements for the maximum difference between the power of an PDSCH RE and the average RE power for a BS at maximum output power. In accordance to these requirements (see TS 36.104) BS is expected to fulfill the following RE power control dynamic range: 0dB for 64QAM PDSCH, -3 to +3dB for 16QAM PDSCH, and -6dB to 3dB for QPSK PDSCH. Considering the dependence of the modulation and the power offset, modulation dependent signaling of the Pa parameter for interfering cell should be considered to reduce complexity and improve performance of some blind receiver structures.
Proposal:

· Consider modulation dependent signalling of the power offset values for the interfering cell

Cell ID, CRS antenna ports and MBSFN subframes 

In Rel-11 Cell ID, CRS antenna ports and MBSFN subframe pattern for interfering cells was introduced to support CRS‑IC receivers. A similar signaling can be considered to facilitate CRS-IC receivers for channel estimation in NAICS and identification of the PDSCH RE mapping pattern for the interfering cell. Knowledge of PDSCH RE mapping pattern should be beneficial not only for better NAICS receivers processing, but also for a more accurate detection of the interfering PDSCH parameters. Although blind detection of such parameters might be feasible at the UE via decoding of the corresponding SIB messages transmitted by the interfering cell, the signaling assistance can greatly reduce parameter search space and, therefore, time required at the UE to detect them. Therefore, signaling of Cell ID, CRS antenna ports and MBSFN subframe parameters is recommended. It should be also noted that applicability of the NAICS receiver for the CRS based transmission modes using 4 CRS antenna ports in Rel-12 is still under discussion. However, in our view, support of signaling 4 CRS antenna ports should be beneficial, e.g. for the interference handling from CRS of the neighboring cells and support of NAICS receivers for transmission modes based on UE-specific RS in the cells with 4 CRS antenna ports.
 Proposal:

· Introduce higher-layer signalling of the Cell ID, CRS antenna ports and MBSFN subframe pattern for interfering cells

· Consider to include signalling of 4 CRS antenna ports

Finally, it should be noted that even with Cell ID, CRS antenna ports and MBSFN subframe pattern signalling UE would still be required to perform detection of interfering CRS presence in all non-MBSFN subframes. This is needed to support Rel-12 TDD eIMTA and Small cell on/off scenarios that could make interfering CRS presence dynamic.

CSI-RS configuration

Similar to CRS, CRS antenna ports and MBSFN subframe configuration the parameters of CSI-RS (NZP CSI-RS and ZP CSI-RS) for the interfering cell can be used for the identification of the PDSCH RE mapping pattern. We note that presence of CSI-RS might have significant impact on the PDSCH RE mapping pattern especially for the CRS transmission modes based on the transmit diversity. Assuming that ML/R-ML receivers (comparing to SLIC) are more sensitive to the possible interfering signal parameter mismatch (e.g. due to wrong assumption on PDSCH RE mapping), signalling of CSI‑RS parameters for interfering cell should be considered. 
Proposal:

· Introduce higher-layer signalling of the CSI-RS resources of the interfering cell

It should be noted that in some cases NZP CSI-RS may not be transmitted by the eNB (e.g. to avoid collision with cell-specific paging), therefore, it should be beneficial for the UE to perform detection of interfering NZP CSI‑RS presence on the relevant subframes using the indicated NZP CSI-RS resources parameters.
Virtual cell ID
In Rel-11 UE-specific RS are scrambled with virtual cell ID (or scrambling identities). Knowledge of UE-specific RS sequence is required to perform channel estimation on interfering cell. Since the range of the virtual Cell ID for UE-specific RS is relatively large (i.e. [0…503]), blind detection of this parameter at the UE is not feasible. Therefore, higher-layer signalling of the scrambling identities subset for the interfering cell is recommended.
 It should be noted that virtual Cell ID of UE-specific RS is typically associated with one nSCID value, therefore, signalling of the {virtual cell ID, nSCID} pair should be considered to reduce UE complexity associated with blind detection of nSCID parameters. The maximum number of the {virtual Cell ID, nSCID} pairs should be decided in RAN4 with consideration of the blind detection complexity.

Proposal:

· Introduce higher-layer signalling of the virtual cell IDs for UE-specific RS 

· Consider to signal virtual {Cell ID, nSCID} pairs to reduce UE detection complexity
Quasi co-location (QCL)
Demodulation of PDSCH requires accurate time-frequency tracking. During Rel-11 it has been found that UE-specific RS alone may not be sufficient for that purpose e.g. if small resource allocations is considered, therefore, quasi co-location signalling between UE-specific RS antenna ports and CRS / CSI-RS antenna ports was introduced for TM10 in Rel-11 for the useful signal. Since NAICS receiver operation implies detection of UE-specific RS for each PRB-pair, quasi co-location signalling should be also considered for interfering signals. For example, quasi co-location signalling for interfering cell should be introduced for NAICS receivers to include the virtual cell ID of UE-specific RS, CSI-RS parameters, CRS antenna ports, Cell-ID and MBSFN subframe configuration of the neighbouring transmission points.
Proposal:

· Introduce higher-layer signalling of the QCL parameters for interfering UE-specific RS 

· The signaling should include the virtual cell ID of UE-specific RS, NZP CSI-RS parameters, CRS antenna ports, Cell-ID and MBSFN subframe configuration of the neighbouring cells 
ePDCCH parameters
In Rel-11 PDSCH may also experience interference from ePDCCH transmitted by the interfering cell. In principle the interference from ePDCCH can be handled in the similar way as interference from PDSCH. Therefore signalling of the ePDCCH parameters (e.g. virtual cell ID for DM-RS of ePDCCH, ePDCCH resource allocation ,etc) on interfering cell is recommended. 

Proposal:

· Introduce higher-layer signalling of the ePDCCH parameters 
3 Summary

In this contribution we provided our views on the possible higher-layer signalling assistance for NAICS receivers. The following proposals were made:

Proposal:

· Introduce higher layer signalling for the subset of the power offset values that could be used on the interfering cell

· Consider modulation dependent signalling of the power offset values for the interfering cell.
· Extend higher-layer signaling of the power offset parameter P​a on serving cell to QPSK modulation

· Further discussion is needed whether to introduce dedicated parameter for QPSK modulation only. 
· Introduce higher-layer signalling of the Cell ID, CRS antenna ports and MBSFN subframe pattern for interfering cells

· Consider to include signalling of 4 CRS antenna ports

· Introduce higher-layer signalling of the CSI-RS resources of the interfering cell

· Introduce higher-layer signalling of the virtual cell IDs for UE-specific RS 

· Consider to signal virtual {Cell ID, nSCID} pairs to reduce UE detection complexity
· Introduce higher-layer signalling of the QCL parameters for interfering UE-specific RS 

· The signaling should include the virtual cell ID of UE-specific RS, NZP CSI-RS parameters, CRS antenna ports, Cell-ID and MBSFN subframe configuration of the neighbouring transmission points
· Introduce higher-layer signalling of the ePDCCH parameters 
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