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1. Introduction
Network assisted signaling was discussed during RAN1#75 where some interference parameters required for considered NAICS receivers to mitigate PDSCH interference were captured in TR [1]:
· Parameters that are higher-layer configured per the current specifications (e.g., TM, cell ID, MBSFN subframes, CRS antenna ports, PA, PB) 

· Parameters that are dynamically signalled per the current specifications (e.g., CFI, PMI, RI, MCS, resource allocation, DMRS ports,  
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used in TM10)

· Other deployment related parameters (e.g., synchronization, CP, subframe/slot alignment)
In this contribution we provide our views on those interference parameters that can be blindly detected and those parameters for which some coordination and/or assisted signaling are beneficial.
2. Discussion
A key property of LTE is its ubiquitous nature of supporting a wide range of scenarios and deployments. This paves the way for mass market adoption and caters for the different and often varying needs among operators around the world. UE receiver performance is a vital component in upholding the efficiency of the system and as such it is crucial that also UE receivers are flexible and high performing in a wide range of scenarios and not only in special situations.
Proposal 1: 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
Interference parameters that from a victim UE perspective are semi-static are evidently the first candidates to be considered for assisted signaling whereas interference parameters seen by the victim UE as dynamic should be the candidates for blind detection. However, even if some parameters are seen as semi-static by a victim UE it would necessary not mean that these parameters should be signaled and not considered for blind detection. For example, cell IDs, CP, CRS antenna ports and MBSFN configuration are of semi-static (or static) nature but these parameters could be blindly detected without adding large complexity to the UE.
Assisted signaling of interference parameters that may change on subframe basis would require physical layer control signaling, independently if this signaling is provided by the victim cell or the aggressor cells. Regardless, the signaling overhead could be significant in both cases and in particular if the victim cell is expected to provide such information for multiple aggressor cells, and possibly also in a dedicated manner as different victim UEs may face different aggressors. Hence, even if the backhaul could support assisted signaling of such parameters via serving cells the signaling overhead would be considerably large and seriously impact the physical layer control signaling capacity as well as likely consume most of the NAICS performance gains.
Proposal 2: Interference parameters that can be acquired via blind detection without any network assistance are [2]:
· Modulation order, precoder, rank/DMRS ports, TM
· Cell ID, CP, 
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, CRS antenna ports, MBSFN configuration, system bandwidth
Proposal 3: Information on interference parameters provided by a serving cell are signaled via higher layer
There will be interference parameters for which some assisted signaling and/or coordination will beneficial to limit the number of blind detection hypothesis. For example, in deployments where interference may refer to TM10 transmissions, with pairs of virtual cell IDs being configured by higher layer signaling, the search space of possible DMRS sequences would be excessively large without any coordination or assisted signaling. Evidently, in such cases assisted signaling and/or coordination could reduce UE efforts considerably. One possibility would be that eNBs exchange information on DMRS and that the serving cell assists the NAICS UEs by indicating the sequences the UE should consider when cancelling/suppressing interference. With such assistance signaling there is no need to restrict NAICS support to older transmission modes such as TM9, instead focus can be on efficient TM10 operation. 
Observation 1: NAICS receivers can easily support TM10 and its virtual cell ID functionality with proper assistance signaling

Proposal 4: Serving cell provides information that limits the number of DMRS hypothesis
Before a UE attempts to cancel/suppress PDSCH interference, it has to detect the presence of PDSCH interference on PRBs it has been scheduled data. In the case of interference associated with e.g. TM9 and TM10 transmissions, the UE could use the DMRS to detect the presence of PDSCH interference. However, when the interference associates with CRS based transmissions then the reference signals cannot be used to detect the presence of PDSCH interference. Instead, the UE would need to detect the presence of PDSCH interference directly from data resources. The blind detection performance of such approaches would need RAN4 studies.

Observation 2: The UE-specific RS can be used to detect the presence of PDSCH interference when the interference is associated with DMRS based transmission modes
Proposal 5: FFS if some network assistance and/or coordination are beneficial for reliable detection of PDSCH interference presence when the interference is associated with CRS based transmission modes

In common for NAICS receivers is that they all require per-subcarrier channel estimation for at least some of the interfering signals. In contrast to DMRS based transmissions, demodulation of data where the channel estimation is based on CRS requires knowledge of the downlink power allocations on CRS and PDSCH resources, i.e. the ratios of PDSCH EPRE to CRS EPRE. For higher modulations than QPSK and/or higher rank than 1, these ratios are defined by higher layer signaling of the parameters PA and PB, where PA is UE-specific whereas PB is cell-specific. This implies that victim UEs may dynamically face different downlink power allocations of different interferers and it may not be feasible to estimate the DL power allocations of the interferers accurately without e.g. averaging over many subframes. Thus, it could be beneficial to coordinate DL power allocations across cells and possibly signal a set of power allocations that the UE should consider when cancelling/suppressing interferers.
Proposal 6: Consider coordination of interference parameters related to DL power allocations, and possibly signal a set of power allocations that the UE should consider when cancelling/suppressing interferers.
3. Conclusion
In this contribution, we provided our views on those interference parameters that can be blindly detected and those parameters for which some coordination and/or assisted signaling are beneficial. The following observations and proposals were made:
Proposal 1: 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
Proposal 2: Interference parameters that can be acquired via blind detection without any network assistance are [2]:

· Modulation order, precoder, rank/DMRS ports, TM
· Cell ID, CP, 
[image: image3.wmf]s

n

, CRS antenna ports, MBSFN configuration, system bandwidth

Proposal 3: Information on interference parameters provided by a serving cell are signaled via higher layer

Observation 1: NAICS receivers can easily support TM10 and its virtual cell ID functionality with proper assistance signaling

Proposal 4: Serving cell provides information that limits the number of DMRS hypothesis

Observation 2: The UE-specific RS can be used to detect the presence of PDSCH interference when the interference is associated with DMRS based transmission modes

Proposal 5: FFS if some network assistance and/or coordination are beneficial for reliable detection of PDSCH interference presence when the interference is associated with CRS based transmission modes

Proposal 6: Consider coordination of interference parameters related to DL power allocations, and possibly signal a set of power allocations that the UE should consider when cancelling/suppressing interferers
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