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1. Introduction
Within the NAICS study item [1], RAN1 is expected to identify any physical layer changes as well as the need for network assisted signaling to achieve system level gains. In this contribution, we discuss network coordination, network assisted signaling and blind detection aspects for NAICS. 
2. Discussion
The need for network coordination as well as for network assisted signaling of aggressor information depends on the UE receiver assumptions in terms of number of receiver chains, kind of NAICS receiver implementation and what aggressor transmission parameters the UE is expected to blindly detect. For example, in the RAN4 agreed TP on receiver assumptions [2] it assumed that the network is synchronized and that the CP is aligned (coordinated) across cells, which implicitly indicates a receiver assumption of one receiver chain for the study. Network coordination could also refer to exchanging information between nodes that is part of the network assisted signaling of aggressor information that is to be provided by the serving cell. Network assisted signaling could also be provided by the aggressor cells which may be the only option if considering assisted signaling of aggressor information that could change on per-subframe basis. Information that may change dynamically from a victim UE perspective are typically UE-specific such as transmission modes (DCI format) and DCI contents (e.g. RB allocations, precoder info, MCS and DMRS) of the interferers but also the cell-specific CFI may change on subframe basis. Evidently, exchanging information that may change on per-subframe basis over X2 is in general not desirable and may not even be feasible.
Observation 1: Depending on UE receiver assumptions the network may need to be time synchronized with CP being coordinated across cells in order to explore NAICS performance gains
Proposal 1: If considering network assisted signaling of aggressor information that may change dynamically, it should be provided by the aggressor cells due to backhaul constraints
Aggressor information to be signaled dynamically would basically correspond to the contents of multiple DCIs as in general more than one user is being scheduled DL data in a subframe. In principle, a victim UE could with knowledge of aggressor C-RNTIs (and TMs) detect and decode the aggressor PDCCHs and by then derive the transmission parameters needed for cancellation of PDSCHs. This may however not be so attractive as firstly it may create high signaling overhead (16 bits per C-RNTI) and secondly it may cause an unacceptable high complexity at the UE side due the large number of blind decoding attempts that can be anticipated. Furthermore, it requires that the victim UE can detect PDCCHs from the neighbor cells where number of CCEs have been adapted to the UEs being scheduled by the neighbor cell. An alternative to deriving the physical layer transmission parameters from UE-specific DCIs could be to broadcast (or group-cast) the RB allocations of a subrame and for each RB or a group of RBs (depending on allocation type) indicate the physical layer transmission parameters. Obviously, broadcasting of such amount of data may create a massive signaling overhead.
Observation 2: If considering network assisted signaling of aggressor information that may change dynamically, there will evidently be a trade-off between signaling overhead vs. UE complexity related to blind detections
Blind detection of physical layer transmission parameters of aggressors are considered by RAN4 in which the transmission parameters required by a NAICS receiver are blindly detected from the aggressor PDSCHs instead of being derived from aggressor PDCCHs, or by other means. Examples of transmission parameters to be considered for blind detection are modulation scheme, RB allocations, TM, precoder information (including number of layers) and DL power allocations. As LTE has been designed for handling a vast variation of deployment scenarios and radio link conditions, it provides a large flexibility in how the LTE network can be operated. Normally, all this flexibility is not needed or utilized in certain deployments and instead a subset of possible network operations is considered. For example, there are currently ten TMs and not all of them will be used in a cell. Hence, to reduce the number of blind detection hypothesis the network could signal to the UE which TMs it should assume that the interfering signals could have been configured with. Other examples would be to signal subset usage of precoders and DL power allocations. In the latter case the network may allocate powers in cell-specific manners or that only a certain set of power allocations is considered, which could then be signaled to NAICS capable UEs to reduce blind detection hypothesis. Reducing blind detection hypothesis would also improve the detection reliability. As subset usage of transmission parameters would be of semi-static nature it is anticipated that the network assisted signaling can be done from the serving cells.
Proposal 2: Network assisted signaling of subset usage of transmission parameters should be considered for reducing the number of blind detection hypothesis
Different NAICS receivers will have different need for network assisted signaling as some receivers may only perform interference channel estimation whereas other receivers also demodulate and decode the aggressor data. In common for the NAICS receivers identified by RAN4 is that they all require per-subcarrier interference channel estimation. Hence, a UE to perform interference channel estimation then always need to derive the demodulation reference signals associated with the interferers to be cancelled. In addition, the UE would also need to derive the corresponding antenna ports, the transmission rank, the downlink power allocation linked to the aggressor transmissions and for CRS-based transmission modes also explicitly derive the precoder. Table 1 capture parameters required for channel estimation, demodulation and decoding.
Table 1 Parameters required to be signaled or/and blindly detected for performing channel estimation, demodulation and decoding of interfering signals
	Channel estimation
	Demodulation (soft generation)
	Decoding

	CRS-based
	DMRS-based
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RB allocations
	Modulation order (QPSK, 16QAM or  64QAM)

	MCS, RV (of each TB)
(For decoding based IC/IS receivers knowledge of the modulation is crucial)


A victim UE evidently needs to derive the demodulation reference signal sequences, and how they are mapped to RBs, of the aggressor cells.  In the case of CRS-based channel estimation, the cell identity, slot number (
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), CP and CRS ports of the neighbor cell could be acquired from a cell search and PBCH of the aggressor. An alternative to deriving CRS ports from aggressors PBCH would be to signal this information as in FeICIC. However, that particular signaling is currently linked to ABS deployments and it is unclear if it can be reused as in NAICS since the CRS is expected to be cancelled in all subframes the victim UE is demodulating data within, and not only in a subset of semi-statically configured protected subframes as by RAN4 requirements. For example, a UE configured with CRS IC assisted information but not configured with resource restricted subframe measurements may not cancel any CRS at all. Furthermore, if the UE is configured with resource restricted measurements it may only perform IC of PDSCH in subframes that have not been indicated as ABS, although the complementary set typically includes both ABS and non-ABS. Hence, if assisted signaling of CRS ports is needed for NAICS then there seems to be a need to introduce new signaling.
Observation 3: The network assisted signaling introduced in FeICIC is linked to ABS deployments and can likely not be reused in NAICS for providing information on CRS ports and MBSFN subframes
Proposal 3: Any network assisted signaling for NAICS should be applicable to a vast range of network operation scenarios within both homogeneous and heterogeneous deployments, including shared cell operations

3. Conclusion
In this contribution, we discussed different aspects on network coordination and IC/IS assisted signaling for NAICS. The following observations and proposals were made:
Observation 1: Depending on UE receiver assumptions the network may need to be time synchronized with CP being coordinated across cells in order to explore NAICS performance gains

Observation 2: If considering network assisted signaling of aggressor information that may change dynamically, there will evidently be a trade-off between signaling overhead vs. UE complexity related to blind detections

Observation 3: The network assisted signaling introduced in FeICIC is linked to ABS deployments and can likely not be reused in NAICS for providing information on CRS ports and MBSFN subframes

Proposal 1: If considering network assisted signaling of aggressor information that may change dynamically, it should be provided by the aggressor cells due to backhaul constraints

Proposal 2: Network assisted signaling of subset usage of transmission parameters should be considered for reducing the number of blind detection hypothesis

Proposal 3: Any network assisted signaling for NAICS should be applicable to a vast range of network operation scenarios within both homogeneous and heterogeneous deployments, including shared cell operations
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