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1 Introduction
In 3GPP RAN #59 meeting, the study item for Network Assisted Interference Cancellation and Suppression (NAICS) was agreed [1]. The intent of the study item is to study and evaluate the additional performance gains that can be provided for advanced receivers with network assistance. Specifically, objectives of the study item for RAN1 are:
· For data/control channels of interest, identify and agree on realistic deployment scenarios and co-channel inter- and intra-cell interference conditions (including corresponding network/transmission parameters) for evaluating different interference cancellation (IC) or interference suppression (IS) receivers, including the following two main scenarios:
· Intra-cell interference resulted from current SU-/MU-MIMO operation 

· Inter-cell interference based on deployment scenarios prioritized in Rel-11, taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.

· Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:
· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers 
As the first step of study in RAN1, this contribution discusses the potential benefits and applications scenarios of NAICS. In addition we discuss the possible areas of specification design in support of NAICS in LTE Release 12.
2 Potential Benefits of NAICS
In the Release 11 FeICIC work item, a non-linear interference cancellation receiver that mitigates strong CRS/PSS/SSS/PBCH interference was observed to provide significant gain over linear receivers. The specification support in this case was the introduction of downlink RRC signalling to notify the UE of the parameters related to the CRS of the dominant interferer. The RRC signalling includes the following information on the dominant CRS interferer:
· Number of CRS ports
· Frequency offset of CRS (v_shift)

· MBSFN configuration

Utilizing the information on the dominant CRS interferer, the UE would be able to effectively cancel out the indicated CRS interference. In concept, NAICS is quite similar to the above approach of CRS interference mitigation. The major difference for NAICS is that the interference mitigation is now targeted not only for interfering CRS but also for interfering PDSCH. For this reason, different specification support might be required for NAICS.
With the specification support for NAICS, similar interference mitigation techniques as those used for CRS interference mitigation can be extended for PDSCH interference mitigation resulting in significant improvement of the receiver performance. Note however that similar receiver performance might be achievable by relying purely on implementation reliant interference mitigation techniques. As an example let's assume a particular advanced receiver scheme for the sake of discussion: Successive Interference Cancellation (SIC). SIC is an advanced receiver scheme that is mentioned in the SID and studied extensively both in the academia and the industry. An advanced receiver scheme such as SIC can be implemented without specification support and still provide significant performance improvement. However, the downside of the pure implementation reliant method would be that UE complexity would be unreasonably high. For example, SIC can be done with or without channel decoding of the interfering signal. If SIC based interference mitigation with channel decoding is implemented without specification support, it is up to the UE to detect the downlink control information necessary in decoding the interfering PDSCH. In other words, the UE should blindly search through the PDCCH/E-PDCCH search spaces for other UEs which are receiving PDSCHs on colliding time and frequency resources. Even without going into details on the exact procedure of such an approach, it is clear that the UE receiver complexity required in accomplishing this would be quite high. Table 1 summarizes the comparison between an advanced receiver based on NAICS and one that is implemented without any specification support (i.e. pure implementation reliant).
Table 1. Comparison of NAICS based advanced receiver and implementation reliant advanced receiver.

	
	NAICS based advanced receiver
	Implementation reliant advanced receiver

	Performance
	Similar or better performance than implementation reliant advanced receiver
	Similar or worse performance than NAICS based advanced receiver

	Complexity
	Lower complexity than implementation reliant advanced receiver
	Higher complexity than NAICS based advanced receiver

	Specification Impact
	Specification support necessary
	No specification impact


Based on the above observation, we propose that two aspects of NAICS be studied to make decision on whether or not to have specification support. First aspect should be the overall system performance enhancement that is possible by introducing specification support for NAICS. Second aspect should be the reduction in UE receiver complexity by introducing specification support for NAICS for the same advanced receiver scheme.

Proposal1: Specification support for NAICS should be decided based on the following:
· Overall performance enhancement
· Overall reduction in UE complexity in order to support advanced receiver structure

3 Evaluation and Deployment Scenarios
In order to verify the performance benefits of NAICS, it is important that the overall system performance be evaluated for proper applications and scenarios. This section discusses the potential uses cases of NAICS and proposes evaluation scenarios for future system level evaluations in RAN1.
As noted in the SID, receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection can be considered as a starting point for reference IS/IC receivers. Additional receiver structure can be provided individual companies with details on the receiver operation and system evaluation modelling methodologies. In the following subsections, we discuss the applications and scenarios for which NAICS should be evaluated.
3.1 Application of NAICS
Based on the current LTE system, NAICS can be applied to two important applications. NAICS can be applied for cancellation and suppression of intra-cell interference as shown in the left hand side of Figure 1 or for cancellation and suppression of inter-cell interference as shown in the right hand side of Figure 1.
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Figure 1. Application of NAICS for intra-cell interference and inter-cell interference.
For both applications, the specification could be designed such that the UE does not have knowledge of whether it is mitigating the interference from the same cell or the interference from another cell. Whether to design the specification support for NAICS to be UE transparent or not should be further studied in RAN1.
3.2 Evaluation Scenarios
As the first step of evaluating the performance of NAICS, the evaluation scenarios need to be decided. Our preference is to evaluate NAICS for two primary scenarios as a starting point for system level evaluation:
· NAICS Scenario 1: For evaluation of NAICS in a homogeneous network where evenly spaced macro cells coexist utilizing a single carrier frequency
· NAICS Scenario 2: For evaluation of NAICS in a heterogeneous network where macro cells and pico cells coexist utilizing a single carrier frequency
Small cell scenarios [2] where high density deployment of small cells are assumed could be another candidate scenario for evaluation of NAICS. Additional details on the evaluation scenarios along with detailed evaluation methodology can be found in an accompanying contribution [3].

Proposal2: Evaluate performance of NAICS based advanced receivers for:

· Mitigation of intra-cell (MU-MIMO) and inter-cell interference

· Mitigation under homogeneous/heterogeneous network scenarios and possibly small cell scenarios
4 Possible Areas of Specification Support
As mentioned in Section 2, the specification support for FeICIC to mitigate the CRS interference of the dominant interferers was the introduction of the RRC signalling conveying CRS related parameters from the eNB to the UE. Likewise, similar approach could be taken for NAICS. The main difference as previously noted is that interference mitigation for PDSCH interference is taken into account as well. In other words, in order to mitigate the PDSCH interference, the UE would require access to the parameters of such interfering PDSCHs. Since the PDSCH transmission is dynamically varying due to either opportunistic scheduling operations, network coordinated dynamic blanking, or bursty traffic, the conveying of such information to UEs should be dynamic in nature. Therefore, we expect that some network assistance in the form of physical layer signalling would be necessary to efficiently support NAICS. One option is to define additional information elements in the DCI to notify the UE of the interfering PDSCH's parameters. For example, if specification support is provided to support SIC with channel decoding, the additional information elements could include parameters such as the MCS level and the frequency domain resource allocation of the interfering PDSCH. Another potential area of specification support for SIC could be to provide an accurate method of measuring the downlink interference channel to facilitate the demodulation and decoding of the interfering PDSCH.
5 Conclusions
This contribution discusses our view on the potential benefits of NAICS that needs to be considered during the study item period. Additionally, our views on the evaluation scenarios and areas in specification that might require change in order to support NAICS are presented. The following proposals are made:
Proposal1: Specification support for NAICS should be decided based on the following:

· Overall performance enhancement
· Overall reduction in UE complexity in order to support advanced receiver structure

Proposal2: Evaluate performance of NAICS based advanced receivers for:

· Mitigation of intra-cell (MU-MIMO) and inter-cell interference

· Mitigation under homogeneous/heterogeneous network scenarios and possibly small cell scenarios
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