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1 Introduction

In RAN#59, an LTE Release 12 study item on Network-Assisted Interference Cancellation and Suppression was approved in [1]. The main objective of this SI is to identify advanced receiver structures that can be used for co-channel interference mitigation with or without network signalling assistance. In this contribution, we discuss the deployment scenarios and interference models to be used for the following evaluations of different interference cancellation (IC) or interference suppression (IS) receivers.

2 Deployment scenarios and interference modelling
Deployment scenarios for system-level evaluations:
During Rel-10/11/12 a plethora of different deployment scenarios has been identified, which covers different scenarios of the LTE network operation including homogenous / heterogeneous deployments, ideal / non-ideal backhaul links, etc.  [2][3]. In principle, the existing deployment scenarios and corresponding simulation assumptions can be reused for the evaluation of Rel-12 advanced IS/IC receivers. However, in order to limit the simulation cases to a reasonable number, some prioritization of the scenarios is required. 
It is expected that by the end of the Rel-12 development timeframe most of the LTE deployments are likely to include small cells. Therefore, the evaluation of advanced IS/IC receivers should be mainly focused on heterogeneous scenarios and dense homogenous networks, which can be considered as an intermediate step in the network densification. The system-level modelling of dense homogenous deployments can be based on the ITU Urban Micro environment (UMi) with ISD 200 m, while the evaluation of heterogeneous networks should be based on the scenarios (including backhaul link assumptions) defined in the CoMP and Small Cell work/study items. 
Proposal:

· For the evaluation of Rel-12 advanced IS/IC receivers, reuse the existing Rel-10/11/12 deployment scenarios and the corresponding simulation assumptions:
· Homogenous networks should be modeled under the assumption of dense macro cell deployments, e.g., ITU UMi with ISD = 200 m.
· Heterogeneous networks should be modeled using scenarios (including backhaul link assumptions) defined in TR36.819 and TR36.872.
The key aspect of the system-level analysis of advanced IS/IC receivers is whether to assume some network-based interference coordination techniques, e.g. CoMP, eICIC, etc. Since in practical networks interference coordination techniques will be implemented based on operators’ choice, network-based interference coordination technologies (e.g., CoMP, eICIC) may be considered. 
Inter-cell interference models for link-level simulation:

Although system-level simulation should be used for the final assessment of different receiver structures [1], link-level evaluations of the proposed receivers are also important to obtain useful indications on the expected performance trends. TR36.829 [4] already provides a link-level simulation framework for IC receivers and, therefore, can be also used as a starting point for the evaluation of the Rel-12 advanced IS/IC receiver structures. In accordance with TR36.829, the metric used to characterize interference at the link-level is the Dominant Interferer Proportion (DIP) ratio which represents the interference powers relative to the total interference power. The DIP values are typically obtained from either system-level simulations or field data. For example, in TR36.829 the DIP values were calculated from simple system-level simulations of the homogenous network in 3GPP Case-1/3 scenarios. However, several extensions to the already defined DIP models are required. In particular, the previous system-level evaluations for DIP values only assume homogenous networks with full-buffer traffic models, which imply that all neighbouring co-channel nodes are always active and fully loaded. However, following the common understanding in RAN1 based on the Rel-11 evaluations, such models are not realistic and therefore cannot be used for DIP characterization without modifications. 
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Figure 1: DIP and geometry SINR comparison between full-buffer and FTP traffic models

Figure 1 illustrates the SINR (a.k.a. – Geometry) and DIP distributions at the UE receivers for different loading factors of the network under the assumption of the FTP traffic model. For reference, the results corresponding to the full-buffer traffic model are also provided in Figure 1. It can be seen that the interference environment can vary largely depending on the traffic model assumption. 
In addition to the power characterization of the interfering links (by using DIP values), spatial characteristics of the interference are also of high importance. In TR36.829, a MIMO rank transmission probability on the interference cells was obtained based on the assumptions of full-buffer traffic, NLOS SCME channel models and LMMSE receiver. However, as discussed above, the fully loaded network assumption may result to over-pessimistic SINR at the UE receiver and, thus, substantially reduce the probability of using higher MIMO transmission ranks. In addition, the probability of transmission ranks may also depend on the employed MIMO receiver structure, which typically increases for more advanced receiver structures. Finally, LOS probability in conjunction with cross-polarized antennas would also increase the probability of higher ranks. 
Proposal:

· For link-level evaluations of Rel-12 advanced IS/IC receivers in RAN4, the DIP-based evaluation framework is recommended. Recommend to RAN4 to revisit the DIP values and probability of MIMO transmission rank defined in TR36.829 by considering:
· New Rel-11/12 deployment scenarios

· Non full-buffer traffic models (e.g., FTP traffic models)
· LOS modeling
Interference modelling for PDCCH/EPDCCH:

The feasibility study of Rel-11 IC receivers and the corresponding interference models were mainly focused on PDSCH. As the scope of the Rel-12 advanced IS/IC receiver study also includes control channels, interference models should be also defined for PDCCH/EPDCCH. So far, most of the PDCCH/EPDCCH evaluations were primary based on the AWGN assumption, where interference was modeled as Gaussian noise. In practice, the interference distribution of PDCCH / EPDCCH is typically different from AWGN and the interference models defined for PDSCH. More specifically, the interference effects such as partial hit and power boosting on the REs within a PRB pair may be observed. Therefore, the link-level interference models for PDCCH/EPDCCH should be properly defined by considering those factors.  
 Proposal:

· Recommend to RAN4 to use interference models for PDCCH/EPDCCH which capture aspects of PDCCH / EPDCCH interference such as
· Partial loading of PDCCH/EPDCCH regions
· Transparent power control schemes
3 Conclusions
In this contribution, we have discussed the deployment scenarios and interference models that should be used for the evaluation of different interference cancellation (IC) or interference suppression (IS) receivers. The following proposals are made:

Proposal:

· For the evaluation of Rel-12 advanced IS/IC receiver reuse the existing Rel-10/11/12 deployment scenarios and the corresponding simulation assumptions:

· Homogenous networks should be modeled under the assumption of dense macro cell deployment, e.g., ITU UMi with ISD = 200 m.

· Heterogeneous networks should be modeled using scenarios (including backhaul link assumptions) defined in TR36.819 and TR36.872.

· For link-level evaluations of Rel-12 advanced IS/IC receivers in RAN4, the DIP-based evaluation framework is recommended. Recommend to RAN4 to revisit the DIP values and probability of MIMO transmission rank defined in TR36.829 by considering:
· New Rel-11/12 deployment scenarios

· Non full-buffer traffic models (e.g., FTP traffic models).

· LOS modeling

· Recommend to RAN4 to use interference models for PDCCH/EPDCCH which capture aspects of PDCCH / EPDCCH interference such as

· Partial loading of PDCCH/EPDCCH regions

· Transparent power control schemes
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