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1 Introduction
This contribution is in reference to the recently approved study item namely “Study on Network Assisted Interference Cancellation and Suppression for LTE” [1] (NAIC). From a RAN4 perspective, we focus on the general considerations for the advanced receiver design problem to enable a Rel-12 solution.
The above mentioned study item encompasses several aspects of RAN1/2 and RAN4 specifications.  In this document, we outline the overall approach to this study including interference scenarios, the scope of network assistance, categories of receiver architectures to handle interference, and demodulation requirements at the UE.

2 Discussion
The design requirements for UEs capable of handling interference needs to target enhanced UE performance while ensuring robustness across the wide range of interference scenarios, network signalling scenarios and deployments offered by Rel-12 LTE networks. The implementation of an interference mitigation strategy, whether it is interference cancellation or interference suppression or other techniques, depends upon the amount of information that the UE has about the interferers’ transmissions – this includes long term information and more rapidly varying information such as assignment, modulation scheme, spatial scheme etc. From the FeICIC study, it is known that CRS-IC enables the UE to obtain clean channel estimates of the serving and interfering cells. 
Approaches to furnishing information about interferer transmission parameters at the UE can be broadly classified into two types: a) network assisted approaches and b) non-network assisted approaches. The study item on NAIC is a parallel effort across RAN1/2 and RAN4. We propose the following two-pronged approach to developing a Rel-12 solution for advanced receivers.
(1) Study / evaluate Rel-12 UE design for interference mitigation without network assistance.

(2) Incorporate various degrees of network signalling enhancements, as RAN1/2 study item evolves.

a. As a special case, study UE performance with genie-aided network signalling – to serve as an upper bound for performance with any realistic network assisted scheme.

This approach allows for a reliable, robust bottomline solution which is capable of operating with minimal to no assistance from the network, with the prospects of an enhanced topline solution which takes advantage of network assistance when RAN1 enables advanced signalling information. 

Data vs. Control Channels: The NAIC study scope includes both control channels and PDSCH. 

· While interference mitigation for PDSCH is a vital to maximizing throughput gains, interference mitigation for control channels is particularly significant in the context of HetNet CRE operations. 

· In the rest of this paper, we will focus on PDSCH transmission aspects. However, the discussions and proposals in this paper are mostly applicable to control channels as well, with the understanding of the following differences between PDSCH and control channels: 
· Transmission granularity for control channels is per REG and/or CCE, as opposed to per RB, and

· Parameters such as the precoding and modulation order are exactly known for control channels as opposed to PDSCH. 
Impact on RLM Procedures: We envision there will be no RLM impact with the NAIC study.
3 Receiver Design Choices

3.1 Performance Bounds
Regardless of network assistance or otherwise, an important first step in the receiver design process is to understand the limits of potentially achievable performance enhancements by the UE in the presence of interferers. Towards this end, we propose the following:
Proposal 1: Genie-Aided Receiver: Evaluate performance of the UE receiver when all the necessary information about all the interferers is supplied to the receiver. 

· This serves as an upper bound on both network assisted and non-network assisted approaches.

· The extent of performance gain represents the potential benefits to be had through all the investigations in this study item.
3.2 Receiver Design Choices
We may abstract a generic advanced receiver design into the following two sub-blocks.

(1) Interferer Parameter Extraction:
a. Depending on the degree of network assistance, this function may be partially performed by network signalling.

b. For parameters not signalled by the network, the receiver may perform parameter extraction according to its design choice.
i. Examples of interference parameters: Modulation order, transmission mode etc.

(2) Core Receiver processing

a. Equipped with interference parameter knowledge to a certain degree, the receiver now performs its core demodulation operations. Conventionally, several receiver algorithms with varying performance-complexity tradeoffs are known.
The Joint Maximum Likelihood (ML) Receiver: The universally optimum receiver is the joint maximum likelihood receiver, which maximizes the likelihood of the vector of all transmitted bits over the entire codeword (Codeword level ML).
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over the whole codeword. 

Observation 1: The above receiver is prohibitively complex to implement since it combines the functionality of detection and decoding jointly over the codewords of the serving and interfering cells. Practically viable receivers separate the functions of detection and decoding. Detectors constitute the core receiver processing, and we propose to study the following categories of reference receivers which typically include several variants:
Maximum Likelihood Detector (Symbol level ML):
· ML detectors obtain the log-likelihood ratios (LLR) of transmitted bits in a maximum likelihood fashion at a symbol level over serving and all the interfering cells. The complexity of symbol level ML is still high. 
· Therefore, further simplified low complexity ML algorithms are implemented in practice. 
· Eg: Sphere decoder.
· Please see contribution ‘ML Receivers for NAICS’ for a detailed overview.
Interference Suppression (IS) Receivers: Interference suppression receivers are a class of linear receivers. We consider the MMSE-IRC (Interference Rejection and Combining) receiver as a reference. The complexity of IS receivers is practically affordable, but the performance may not be good.
· Please see contribution ‘Linear Receivers for NAICS’ for a detailed overview
Interference Cancellation (IC) Receivers: An enhancement to IS receivers, especially in the presence of interferers, is the class of non-linear interference cancellation receivers, which perform cancellation of signals from interferers prior to serving cell demodulation.
· Please see contribution ‘IC receivers for NAICS’ for a detailed overview.
Other Advanced Receivers: Receiver architectures which are different from the above category have also been studied in the past and could potentially be included for the purpose of performance evaluation.

Within each category of core receivers, we propose to proceed with the evaluation without network assistance first and then later consider network assisted enhancements to each class.

Proposal 2: Evaluate performance of ML and low complexity variants of ML receivers
· Proposal 2.1: Establish upper performance bound with genie-aided network signalling where the UE is assumed to know all the transmission parameters for all the interferers.

· Proposal 2.2: Baseline performance without network assistance. The interferer transmission parameters are unknown to UE and it may perform estimation of the same as necessary.

· As RAN1/2 specifications materialize, various available degrees of network assistance can be incorporated in to this evaluation.

Proposal 3: Evaluate performance of Interference Cancellation (IC) receivers
· Proposal 3.1: Establish upper performance bound of IC receivers with genie-aided network signalling where the UE is assumed to know all the transmission parameters for all the interferers. 

· Proposal 3.2: Baseline performance without network assistance. The interferer transmission parameters are unknown to UE and it may perform estimation of the same as necessary.

· As RAN1/2 specifications materialize, various available degrees of network assistance can be incorporated in to this evaluation.

Proposal 4: The performance of linear MMSE-IRC receivers is well understood from prior evaluations. Therefore, we propose to de-prioritize MMSE-IRC receivers in this study.
4 Interference Models
In order to ensure standardized performance evaluation it is important to agree on the evaluation scenarios, specifically interference models. Details of interference models are presented in contribution ‘Interference modeling for NAIC’. Broadly, we consider the following scenarios for performance evaluation:
Number of Interferers:
Proposal 5: Study up to two interferers with varying degrees of signal to noise ratios. 
Homogeneous vs. Heterogeneous deployment scenarios:
Proposal 6.1: Prioritize homogeneous deployments initially, with heterogeneous scenarios being considered later. 

· Homogeneous scenarios are prevalent in current deployments. 
· HetNets involving macros and multiple pico cells need to be studied further in RAN1/2 to have more clearly defined scenarios.
Proposal 6.2: Consider A3 event bias: A hysteresis offset of 4 dB which contributes to a potentially 4 dB stronger interferer even in the homogeneous scenario.
Interference loading scenarios:
Proposal 7: Prioritize the following loading scenarios:

· Full loading 

· 50% loading across the system bandwidth.
Transmission modes & MCS: 
Proposal 8.1: Prioritize CRS based transmissions to begin with; UERS based transmissions later in the study. CRS based transmissions are widely prevalent in current deployments. Hence greater initial deployment system level gains are possible with interference mitigation for CRS based transmissions.
Proposal 8.2: Study TM2, TM3, TM4 and later on evaluate TM8/TM9/TM10.
Colliding vs. Non-Colliding CRS:
Consider the following factors from a UE design as well deployment perspectives:

UE Design: The performance of CRS-IC is well understood from FeICIC. Therefore, in order to simplify the interactions between CRS-IC and NAIC at the beginning of the study item evaluations, it is recommended to start with colliding CRS scenarios.

Deployment: We need to consider scenarios with and without PCI planning. With PCI planning, the interferer is likely to face strong non-colliding CRS interferers and weak colliding CRS interferers whereas with random PCI assignment, colliding and non-colliding CRS interferers could both be strong.
Proposal 9: To simplify the progression of performance evaluation, we propose to address colliding CRS scenarios first. With two interferer scenarios, one colliding and one non-colliding CRS interferer may be evaluated. 
Unicast vs. MBMS: 
Proposal 10: Prioritize unicast transmission first and later on MBMS transmissions are to be considered during advanced phases of this study.
Control Span: 
Another key consideration is the possibility of different control spans for different cells. In general, the control span of two or more cells need not be the same and this could lead to control symbols colliding with data symbols and vice versa. In order to focus on data channel interference mitigation first, we propose to start with the same control span.
Proposal 11: Prioritize scenario with matched control spans. RAN4 initial study may assume that the control span is 2 symbols.
Details of the above parameters are discussed further in contribution ‘Interference Modeling for NAIC’.
5 Conclusions
The general considerations for the study item on NAIC were discussed. The following are the salient aspects of the discussion.
Proposal 1: Genie-Aided Receiver: Evaluate performance of the UE receiver when all the necessary information about all the interferers is supplied to the receiver. 

· This serves as an upper bound on both network assisted and non-network assisted approaches.

· The extent of performance gain represents the potential benefits to be had through all the investigations in this study item.

Proposal 2: Evaluate performance of ML and low complexity variants of ML receivers
· Proposal 2.1: Establish upper performance bound with genie-aided network signalling where the UE is assumed to know all the transmission parameters for all the interferers.

· Proposal 2.2: Baseline performance without network assistance. The interferer transmission parameters are unknown to UE and it may perform estimation of the same as necessary.

· As RAN1/2 specifications materialize, various available degrees of network assistance can be incorporated in to this evaluation.

Proposal 3: Evaluate performance of Interference Cancellation (IC) receivers
· Proposal 3.1: Establish upper performance bound of IC receivers with genie-aided network signalling where the UE is assumed to know all the transmission parameters for all the interferers. 

· Proposal 3.2: Baseline performance without network assistance. The interferer transmission parameters are unknown to UE and it may perform estimation of the same as necessary.

· As RAN1/2 specifications materialize, various available degrees of network assistance can be incorporated in to this evaluation.

Proposal 4: The performance of linear MMSE-IRC receivers is well understood from prior evaluations. Therefore, we propose to de-prioritize MMSE-IRC receivers in this study.

Proposal 5: Study up to two interferers with varying degrees of signal to noise ratios. 

Proposal 6.1: Prioritize homogeneous deployments initially, with heterogeneous scenarios being considered later. 

· Homogeneous scenarios are prevalent in current deployments. 
· HetNets involving macros and multiple pico cells need to be studied further in RAN1/2 to have more clearly defined scenarios.

Proposal 6.2: Consider A3 event bias: A hysteresis offset of 4 dB which contributes to a potentially 4 dB stronger interferer even in the homogeneous scenario.
Proposal 7: Prioritize the following loading scenarios:

· Full loading across the bandwidth
· 50% loading.
Proposal 8.1: Prioritize CRS based transmissions to begin with; UERS based transmissions later in the study. CRS based transmissions are widely prevalent in current deployments. Hence greater system level gains are possible with interference mitigation for CRS based transmissions.
Proposal 8.2: Study TM2, TM3, TM4 and later on evaluate TM8/TM9/TM10.
Proposal 9: To simplify the progression of performance evaluation, we propose to address colliding CRS scenarios first. With two interferer scenarios, one colliding and one non-colliding CRS interferer may be evaluated. 

Proposal 10: Prioritize unicast transmission first and later on MBMS transmissions are to be considered during advanced phases of this study.

Proposal 11: Prioritize scenario with matched control spans. RAN4 initial study may assume that the control span is 2 symbols.
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