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Introduction
In the last RAN4 meeting, there are some agreements for semi-static parameters as follows [1]:
· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells can be implicitly assumed if NAICS signaling is present 
· ρB/ρA ratio (i.e. PB) should be signaled by the higher layer 
· Virtual Cell ID needs to be restricted (Restriction indicated by signaling) 
· Subset size for VCID set needs further study
· Cell ID is needed for higher layer signaling

And there was no consensus for MBSFN configuration, QCL information, PDSCH start symbol for TM10, CSI-RS configuration, CRS APs. 
Based on the above agreement, we discuss higher layer signaling for NAICS receiver.


Discussion on semi-static parameters

CRS AP, MBSFN configuration, Cell ID
As mentioned above, RAN4 agreed that Cell ID is needed for higher layer signaling. For CRS AP and MBSFN configuration, we can reuse legacy RRC signaling designed for FeICIC to avoid complexity increase with blind detection and performance degradation caused by potential wrong detection.

- Proposal 1: Rel-11 CRS assisted information should be reused for CRS AP, MBSFN, and Cell ID information.

CSI-RS & QCL information
CSI-RS and QCL information are related to DMRS transmission mode and their QCL assumption that needs to be known at NAICS UE. 
Interfering cell’s CSI-RS information needs to be signaled by RRC considering its usefulness as follows. For example, in heterogeneous network like CoMP scenario 4, interfering NZP CSI-RS can be used to find the strongest interfering TP, which is not possible with cell specific CRS. Also, when canceling DMRS based interference, the UE can use QCL relationship with corresponding NZP CSI-RS and improve interfering channel estimation accuracy. In addition, both NZP CSI-RS and ZP CSI-RS information should be signaled for interfering PDSCH RE mapping. Without being aware of those, UE would try to cancel PDSCH interference even on NZP/ZP CSI-RS RE, resulting in interference amplification.
QCL assistance information could consist of QCL type, quasi co-located CSI-RS and DMRS, and quasi co-located CRS and CSI-RS. For better understanding of how UE can use this information when canceling DMRS based interference, we take an example in Figure 1 where UE1 is a NAICS UE conducting IC in its scheduled subband, e.g., subband 1, 2, and 3. 
In each of subband 1, 2, and 3, a different UE of cell 2 receives DMRS based PDSCH from different TP so that UE1 (NAICS UE) needs to use different QCL assumption when canceling each interference from cell 2. 
To be specific, in subband 1, UE2 receives DMRS from RRH2 and it uses quasi-collocated RS to get large-scale properties of the channel, based on QCL type B. In other words, it uses CSI-RS that RRH2 transmits, which is quasi-collocated with the DM-RS with respect to Doppler shift, Doppler spread, average delay, and delay spread. Also, it uses CRS that both RRH2 and macro eNB2 transmit at the same time, which is quasi-collocated with the CSI-RS with respect to Doppler shift and Doppler spread, providing a frequency synchronization reference. 
In subband 2, UE3 assumes the same QCL type and quasi-collocated CRS as UE2 does but it uses different quasi-collocated CSI-RS that macro eNB2 transmits as it receives DMRS from eNB2. This points out that UE1 should use different QCL assumption when canceling interference at subband 1 and subband 2. 
Also, QCL type of interference should be configured by RRC in order for UE1 to cancel interference coming from DMRS based PDSCH of Rel-10 UE, e.g., UE4. Unlike Rel-11 UEs such as UE 2 and 3, UE4 is unable to assume QCL type B and to differentiate different TPs sharing the same cell ID. Therefore, when UE1 cancels interference at subband 3, it should assume QCL type A and needs TP shared CSI-RS, TP shared DM-RS and CRS information of cell 2.
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	Rel12, TM10
	RRH1
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	RRH2
	Subband 1

	UE3
	Rel11, TM10
	Macro eNB2
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	UE4
	Rel10, TM9
	Macro eNB2
	Subband 3


Figure 1. An example of heterogeneous network

Therefore, CSI-RS and QCL information for NAICS operation should be considered by higher layer signaling.

- Proposal 2: CSI-RS and QCL information for feasible NAICS operation should be considered by higher layer signaling.


CFI and PDSCH start symbol for TM10
PDCCH regions can change subframe by subframe in order to support flexible scheduling. If a NAICS UE makes a wrong decision on CFI, it can suffer from the undesirable performance degradation. As one of possible approaches, network signaling with network coordination for CFI of the interfering cells can be feasible which may impose slight constraints on dynamics of setting CFI. Alternatively, network coordination for CFI alignment among cells without network signaling can be considered. In this case, the NAICS UE may assume that CFI of the interfering cell will be aligned to the same as that of the serving cell by network coordination. However, the CFI alignment results in more scheduling restriction on the network than the RRC signaling approach, since each cell not only becomes unable to set CFI dynamically but also decides its CFI to be aligned with those of neighbor cells. Therefore, we prefer network signaling of interfering cell’s CFI. For TM10, PDSCH start symbol is not always aligned by CFI. So PDSCH start symbol for TM10 should be also considered by higher layer signaling.

- Proposal 3: CFI and PDSCH start symbol for TM10 should be considered by higher layer signalling.


View on UE implementation 
During the Study Item phase, RAN4 and RAN1 had discussed higher layer signaling and blind detection of parameters related to interference data. And the conclusions are as follows [2]:
· Higher-layer signaling of parameters related to interference PDSCH could be beneficial to reduce the blind detection complexity or performance degradation.
· Resource allocation granularity (e.g., a group of PRB or PRB pairs), RA type, System bandwidth, Synchronization indication, CSI-RS configuration, QCL, Cell-ID, CRS ports, MBSFN pattern, ρB/ρA
· 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, DMRS ports, modulation order, Virtual cell ID, nSCID, CRS ports, MBSFN pattern, PMI, RI, Cell ID, CRS ports, MBSFN pattern, ρA, CFI

RAN4 is studying performance and complexity of dynamic parameters, and subset restriction for some parameters such as Virtual Cell ID and PA is considered to reduce performance degradation and receiver complexity. From UE implementation perspective, UE already lie down under high complexity of blind detection for dynamic parameters according to NAICS receivers. If additional blind detection for semi-static parameters is considered, the complexity of receiver is uncontrollably. Likewise conclusion of TR, higher layer signaling could be beneficial to reduce the blind detection complexity or performance degradation, and blind detection could reduce scheduling restriction and signaling overhead possibly detected from a reduced subset of all values for some parameters. Therefore, to overcome complexity and cost of network and UE venders, both network and UE venders should share these difficulties and try to be better performance for NAICS feature together.

Conclusion 
In this contribution, discuss higher layer signaling for NAICS receiver of semi-static parameters. Based on the discussion, we made the following proposals:
- Proposal 1: Rel-11 CRS assisted information should be reused for CRS AP, MBSFN, and Cell ID information.
- Proposal 2: CSI-RS and QCL information for feasible NAICS operation should be considered by higher layer signaling.
- Proposal 3: CFI and PDSCH start symbol for TM10 should be considered by higher layer signalling.
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