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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. Although the evaluation of blind detection of the interfering signal parameters is still ongoing in RAN4, this contribution provides our views on the possible higher layer signalling assistance.

2 Discussion
Higher layer signaling of the interfering signal parameters has been discussed in RAN1#76 meeting. Such signaling can be used to provide information about semi-static cell-specific parameters of interfering signals. The list of possible candidates for the NAICS signaling assistance, identified in RAN1#76 meeting, is provided below:
· Candidate parameters for higher-layer signaling for further study both in RAN1 and RAN4 include

· Resource allocation granularity (e.g., a group of PRB or PRB pairs)

· RA type (e.g., type 0, LVRB, Ngap used for DVRB)

· System bandwidth

· Synchronization indication (e.g., CP length)

· CSI-RS configuration
· QCL
· Cell-ID
· CRS ports
· MBSFN pattern
· ρB/ρA
The higher layer signaling can be also used to indicate the subset of the dynamic or UE-specific parameters of interfering signals that can be blindly detected at the UE: 

· For the following parameters of interference PDSCH, UE blind detection is desirable to reduce scheduling restriction and signaling overhead, possibly detected from a reduced subset (e.g., RRC signaled) of all values for some parameters

· Presence or absence of interference 

· TM

· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern

· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA

· CFI (if not coordinated and required by receiver implementation)

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.
3 Higher layer signalling for semi-static parameters

Cell ID, CRS antenna ports and MBSFN subframes 

In Rel-11 Cell ID, CRS antenna ports and MBSFN subframe pattern for interfering cells has been 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 interfering cell. Although blind detection of such parameters might be feasible at the UE, the signaling assistance can greatly reduce time and power consumption required at the UE to detect these parameters. Therefore, signaling of Cell ID, CRS antenna ports and MBSFN subframe parameters is recommended. 
Resource allocation granularity including RB hopping

In LTE depending on the resource allocation type the parameters of interfering signals could change with different granularity. For example, with distributed resource allocation of type 2 the interfering signal parameters could be change on a RB level, while for resource allocation of type 0 the interference granularity is 1 RBG. Typically the blind parameter detection of interfering signal is easier for the resource allocation with coarser granularity [2]. However, due to the scheduling constrain, such restriction could lead to the performance degradation especially when smaller packet sizes (e.g. VoIP) is considered. Therefore, depending on RAN4 study, further evaluation of such signaling assistance might be needed in RAN1 to identify the potential impact of the resource allocation constraints on the system performance. 
If the resource allocation granularity signaling is specified, it can be supplemented with signaling of PRB bundling for the precoding, which might be useful information to improve the channel estimation performance for interfering signals.
CSI-RS configuration

Similar to CRS, CRS antenna ports and MBSFN subframe configuration the parameters of CSI-RS for interfering cell can be used for identification of the PDSCH RE mapping pattern. Due to large number of the possible CSI-RS configurations, blind detection of the actual CSI-RS parameters at the UE might not be feasible. Assuming that ML/R-ML receivers 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. As discussed later signalling of CSI-RS configuration for interfering cell might be also useful to support QCL.
Quasi co-location (QCL)
Demodulation of PDSCH requires accurate time-frequency tracking. Since UE-specific RS alone may not be sufficient for that purpose, quasi co-location signalling between UE-specific RS antenna ports and CRS / CSI-RS antenna ports was introduced in Rel-11 for the useful signal. Since NAICS receiver operation also implies channel estimation using UE-specific RS of interfering cell a similar quasi co-location signalling should be considered for interfering signals. Such quasi co-location signalling should involve signalling of the virtual cell ID of UE-specific RS, CSI-RS parameters, CRS antenna ports, Cell-ID and MBSFN subframe configuration. 
Signalling of Pb 
In LTE parameter P​B is used to indicate the PDSCH power on the OFDM symbols with and without CRS. Depending on the number of used transmit antennas (1, 2 or 4) each value corresponds to a certain ratio and thus power offset. Although blind detection of PB parameter might be feasible at the UE, such signaling assistance can greatly reduce time and power consumption required at the UE to detect this parameter. Therefore, signaling of Pb together with associated Cell ID is recommended. 
4 Higher layer signalling for dynamic parameters

As discussed above higher layer signaling of the dynamic parameter restriction might be also considered to reduce UE complexity for blind estimation of interfering parameters. 
Transmission mode 

Without a prior information, all TMs can should be assumed at the UE for interfering signals. In practice, however, only part of the TMs will be implemented on the interfering cell. For example, for 2x2 system mainly CRS based TMs will be deployed. Such TM restriction can reduce UE complexity for blind estimation of interfering TMs and, therefore, is recommended for NAICS signalling assistance.
Virtual cell ID
In Rel-11 UE-specific RS are scrambled with virtual cell ID. Since the range of the virtual Cell ID is relatively large (i.e. [0…503]), blind detection of the virtual Cell ID is not feasible. Therefore, signalling of the scrambling identities subset for the interfering cell is recommended. The maximum number of the virtual Cell ID should be decided in RAN4 with consideration of the blind detection complexity.
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) is recommended. 

Signalling of Pa 

For CRS based transmission modes PDSCH power can be controlled. Typically, due to 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 these parameters in the blind receiver may be complicated. Therefore, indication about the expected power boosting values on the interfering cell might be helpful for NAICS receiver. In addition for QPSK modulation the discrete set of PDSCH power offsets should be defined for both serving and interfering cells. Since power boosting restrictions could negatively impact the performance of PDSCH in interfering cell the possible restriction of Pa should be further investigated in RAN1. 
RI/PMI restrictions

The possible PMI/RI employed at the interfering cell is also useful information that could reduce the number of tested hypothesis for blind detection at the UE. Therefore, information on PMI/RI restrictions can be also considered for higher-layer signaling.
It should be noted that, if dynamic parameter restriction is agreed in RAN1 / RAN4, there should be some explicit requirements that an eNB is mandated to follow the indicated restrictions. Therefore, some discussion on this requirement may be needed in RAN1.
5 Summary

In this contribution we have discussed higher layer signalling assistance for NAICS receiver. The following parameters are recommended for specification:
· Cell ID, CRS and number of antenna ports, MBSFN subframe configuration
· CSI-RS parameters
· QCL parameters for UE-specific RS

· Virtual cell ID for PDSCH and ePDCCH

· Pb
The impact of the higher layer signaling on the 
· Resource allocation restriction

· Pa restriction

should be further investigated in RAN1 depending on the RAN4 study on blind detection of the interfering signal parameters. 

Finally, if dynamic parameter restriction is agreed in RAN1 / RAN4, there should be some explicit requirements that an eNB is mandated to follow the indicated restrictions. Therefore, some discussion on this requirement may be needed in RAN1.
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