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1
Introduction
The WI on NAICS [2] was approved in [1] containing following objectives:

· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters. 
· (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:

Good progress has been made both in RAN1 and RAN4. In this contribution we continue the discussion based on working assumptions in [5] while also taking account agreements in RAN4 in [6] and [7].

The previous RAN1 meeting agreed on following working assumptions [3]:

	· 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


They have been also captured in LS to RAN4 [5]. On the other hand, RAN4 has also been studying the topic and the progress is mainly captured in [6]. 
In this paper, we have provided the further analysis on the complexity and reliability of these parameters with blind estimations or semi-static signaling, which can be taken into account as way-forward.
2
Discussion
CRS ports and Supported TM

The RAN4 way forward document [6] and NAICS ad hoc meeting minutes [7] conclude the following

· “Dynamic parameters namely Modulation, PMI, RI, presence of interferer can be jointly detected for 2 CRS APs case under assumption that remaining semi-static parameters, P_A and TM are known and under scenarios studied in RAN4” for CRS based schemes. 
· “Dynamic parameters namely Modulation, RI, DMRS ports, nSCID, and presence of interferer can be jointly detected for 2 DMRS ports (port 7 and 8) under assumption that remaining semi-static parameters and TM are known and under scenarios studied in RAN4”, for DM-RS based schemes 
· “TM7 not supported by NAICS”
· “Confirm the scope of Rel-12 NAICS to limit total layers (serving + interfering) up to 3 and number interferer to cancel to 1” considering NAICS receiver complexity assumptions.

In RAN4 perspective, for the DM-RS based TMs NAICS processing of dynamic parameters was seen feasible for antenna ports 7 and 8 and for CRS based schemes NAICS processing of dynamic parameters was seen feasible for 2 antenna ports. The support of 4 transmit antenna scheme with 2 DM-RS ports was left open. Based on the RAN4 discussion it would seem that RAN1 should limit only to schemes up to 2 CRS ports and DM-RS schemes with only ports 7 and 8. Additionally, configuration of CRS ports is a static and cell specific parameter. The accurate information on the number of CRS ports is critical for the estimation of the other parameters, e.g., presence of interference, PMI/RI, etc. So there is no need to take any risk with blind estimation for minor saving on the signalling.
The “TM are known” in the RAN4 meeting minutes document [6] means either correct blind detection or signalling. As the blind detection of TMs has not been studied yet, although set as FFS by RAN4, and the above mentioned conclusion of estimation of dynamic parameters is done with the assumption of correctly detected TM, it would be preferable that the TM is higher layer signalled by the network to prevent excessive blind search. Also, as the study has assumed TM known, the study is conditioned on correct detection of the TM in case of not provided by network and hence all the study results are conditioned on UE knowing TM correctly. One could consider to support TM 2, 3 and 4 for CRS based transmission and TM 8, 9 and 10 for DM-RS based transmission and signal the TM or TM combinations for a UE. Still the TMs do not need to be the same but there could be some benefit e.g. for iterative channel estimation in some cases. 

Observation 1: All RAN4 evaluations are conditioned on UE knowing TM correctly.
Proposal 1: Limit to maximum of 2 CRS antenna ports and DM-RS ports 7 and 8.
Proposal 2: The TM or TM combination subset should be higher layer signaled. And combination of DM-RS and CRS based transmission modes should be avoided.
Signalling or restriction related to “no Type-2 distributed resource allocation”

The RAN4 way forward document [6] concluded “Interferer parameters are assumed to have granularity of at least 1 PRB pair in time. Further bundling in frequency domain is FFS.” This seems to already exclude the type-2 distributed virtual resource block allocation if UE can assume that both physical PRBs in a PRB pair share the same parameters. Hence, this can be considered to be restricted out. Further bundling in the frequency domain could be considered from UE perspective if scheduling limitations can be accepted, which is expected to lower the UE complexity and improve the reliability of blind estimation.
Proposal 3: Type-2 distributed resource allocation is excluded and frequency domain bundling can be considered further.

Zero-power and Non-zero-power CSI-RS configurations

These parameters should be relatively static in the cell and do not even depend on the scheduled TM of UEs. The usage of these parameters is twofold, the RS can be known and excluded in the detection of the signal and used in the CSI report calculation if more advanced NAICS CSI reporting is going to be defined. The amount of configurations not only for the resource configuration but also for the subframe configuration of the signal means that there is large amount of possible configurations. Hence, higher layer signalling of these parameters should be feasible for a small set of cells.

Proposal 4: Zero-power and non-zero-power CSI-RS configurations including CSI-IM are higher layer signalled.
Bandwidth, synchronization indication and CFI
The RAN4 NAICS ad hoc meeting minutes [7] contains agreement “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” which has been used as a condition where the detection of dynamic parameters has been studied. Hence, signalling would not be needed if UE can make implicit assumption that when NAICS is used then e.g. the same system bandwidth and cell synchronization can be assumed. One could consider if the implicit assumptions can be made on the CFI also. In other words, UE could assume that the same control channel size is used in all cells. Otherwise, the reliability and complexity of blind detection for PCFICH of the interfering cells per subframe can be problematic.
Proposal 5: The UE can assume, equal system bandwidth, synchronized cells and equal CFI.
Cell ID and Subset of virtual cell ID

In principle, Cell ID of the interfering cells could be obtained by UE based on the autonomous cell search. However, it should be noted that there could be a high risk on the advanced receiver performance if relying on the autonomous cell search for cell ID acquisition, because the current intra-frequency cell search requirement can allow up to 800ms cell detection delay and 10% cell detection error rate. So the accurate and timely Cell ID information for the advanced receiver operation can’t be guaranteed by the function of autonomous cell search. Besides, if CSI-RS etc. configurations are anyway signalled by higher layers, the cell ID information as a subset of IDs would be almost automatically part of the information. 

Bearing in mind RAN4 agreed limitation of up to 3 processed layers with at most 1 interfering cell. The cell ID set can be small and indicated according to the UE measurement report triggered by, e.g., A3 event with the potentially strongest interfering cells. The virtual cell ID subset should also be small enough to achieve reasonable complexity.
Proposal 6: Preferably small subset of cell IDs and virtual cell IDs is signalled.

MBSFN pattern

For MBSFN pattern, it is a static and cell specific parameter. The blind estimation of MBSFN pattern can be risky if the UE has to also blindly detect the presence of interference and/or TM10 with MBSFN subframe. In this case, the increasing number of parameter combinations makes it challenging for UE to perform the accurate blind estimation. Thus, it is reasonable to restrict the combinations by means of indicating MBSFN pattern via signalling.

Actually, the existing signaling can already support the indication of Cell ID, the number of CRS ports and MBSFN pattern, which has been already used for supporting FeICIC and CoMP features. Therefore, it is fair to reuse this signalling for indication while reducing the complexity on UE implementation.

Proposal 7: MBSFN pattern for the interferers can be signalled by the serving eNB.
Power offset values
The P_A value should apply for the QPSK MCSs as well. In addition, current specification provides large range of values which should be subset restricted. It could be considered if even 1 value is enough. Alternatively, second value could be considered if it is seen that cell edge UEs need to have the higher signal power to gain coverage. This is one topic left for further study in RAN4 #70bis [7].

Proposal 8: Preferably subset of 1 or 2 power offset values is signalled.

Conclusion

In this contribution we have continued the discussion on NAICS related parameters considering the tradeoff between blind estimation and semi-static signalling. The following proposals can be considered as way-forward:
Observation 1: All RAN4 evaluations are conditioned on UE knowing TM correctly.

Proposal 1: Limit to maximum of 2 CRS antenna ports and DM-RS ports 7 and 8.

Proposal 2: The TM or TM combination subset should be higher layer signaled. And combination of DM-RS and CRS based transmission modes should be avoided.
Proposal 3: Type-2 distributed resource allocation is excluded and frequency domain bundling can be considered further.

Proposal 4: Zero-power and non-zero-power CSI-RS configurations including CSI-IM are higher layer signalled.
Proposal 5: The UE can assume, equal system bandwidth, synchronized cells and equal CFI.
Proposal 6: Preferably small subset of cell IDs and virtual cell IDs is signalled.

Proposal 7: MBSFN pattern for the interferers can be signalled by the serving eNB.
Proposal 8: Preferably subset of 1 or 2 power offset values is signalled.
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