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1. Introduction
In RAN #59 the new Rel-12 “Study on Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS SI) was approved [1]. The objective of the study item is to investigate feasibility and performance of network-assisted interference suppression and cancellation (IS/IC) receivers in LTE. One of the main RAN4 WG tasks is to define co-channel inter- and intra-cell interference models for link-level simulations. In this contribution we provide our views on interference models for LTE NAICS link-level simulations and discuss the main related aspects that should be taken into account by the RAN4 WG.
2. Discussion on interference models
In accordance to the LTE NAICS SID [1] the RAN4 WG needs to agree on co-channel inter- and intra-cell interference models for link-level simulations of IS/IC receivers. The respective models should be based on the results of RAN1 WG conclusions on realistic deployment scenarios and interference conditions. The RAN1 WG is expected to provide guidance on the target scenarios as the outcome of Step 1 LTE NAICS work. The scope and split of RAN1 and RAN4 work for the task of identification of interference models and conditions for link-level studies should be further clarified. Meanwhile, at current stage RAN4 WG may be recommended to agree on the overall analysis methodology for identification of target interference models.
Proposal 1:
The RAN4 WG is recommended to discuss and agree on the overall methodology for identification of interference models.
The LTE NAICS SI covers intra-cell and inter-cell interference environments [2]. Our views on interference modeling for these scenarios are provided in sections 2.1 and 2.2, correspondingly.
2.1 Intra-cell MU-MIMO interference model
From the link-level studies perspective the interference modeling for intra-cell MU-MIMO interference environment is not straightforward. In general, different inter-user interference levels may be observed depending on the eNB scheduler implementation. Typically, orthogonalization of spatial streams to different UEs is used to minimize the inter-user interference. At the same time, it is evident that the efficiency and applicability of the IS/IC receivers will substantially depend on the considered interference level. To define the intra-cell MU-MIMO interference models the guidance from RAN1 WG on the target MU-MIMO scenarios should be provided.

Proposal 2:
Recommend RAN1 WG to provide detailed guidance on priorities of intra-cell MU-MIMO interference scenario studies, expected interference conditions and modeling methodology, since intra-cell inter-user interference heavily depends on scheduling implementation at the eNodeB side.
2.2 Inter-cell interference models
The studies on identification of inter-cell interference models have already been done by the RAN4 WG for the LTE Rel.11 “Enhanced performance requirement for LTE UE” SI and the respective methodology and interference profiles were defined in the SI TR 36.829 [3]. In accordance to these studies the Dominant Interferer Proportion (DIP) ratio metric was used to characterize the network interference statistics. The DIP is defined for as ratio of the interference power to the total interference and noise power and its statistics is measured from the system-level simulations. Additionally, to characterize the interference conditions the interference signal MIMO rank selection statistics was analysed. The existing RAN4 WG interference characterization methodology seems to be a good candidate for the LTE NAICS studies as well.
Proposal 3:
Use RAN4 WG methodology based on DIP profiles and MIMO rank selection statistics evaluation for characterization of inter-cell interference conditions.
The DIP profiles for MMSE-IRC receiver studies defined in TR 36.829 [3] were measured for homogeneous 3GPP Case1/3 deployment scenarios and cannot be directly applied for the LTE NAICS studies which are focused on Rel-11/12 deployments that may have substantially different interference statistics. Additionally, the existing studies assumed rank-1 useful signal transmissions. As for interference, the estimated probability between rank-1 and rank-2 (e.g. equal to 70% / 30% respectively) was used. For Rel-11/12 deployment scenarios considered in RAN1 WG, the usage of cross-polarized antennas is typically assumed that may result in increased rank-2 selection probability. Therefore, the new DIP profiles and MIMO rank statistics may be expected for new deployment scenarios and traffic conditions defined by RAN1 WG.
Proposal 4:
Define new DIP profiles and MIMO rank statistics for deployment scenarios recommended by RAN1 WG.
In our view, the MIMO rank statistics and the number of dominant interferers play even more crucial role for the LTE NAICS studies, comparing with the previous Rel-11 studies on advanced receiver conducted by the RAN4 WG. If it is identified that higher rank statistics (including both useful and interference signal) or multiple dominant interferers are the practical cases, then the previous analysis may be sees as limited in a sense that LMMSE-IRC receivers may lack degrees of freedom to suppress multiple interference streams. On the other hand, non-linear advanced IS/IC receivers (e.g. ML-IC) considered in the framework of the LTE NAICS SI [4] can efficiently handle larger number of useful and interference spatial streams. Thus, these receivers may show superior performance in these scenarios. To illustrate the potential benefits from non-linear receiver we compare the performance of existing LMMSE-IRC and new ML-IC receivers for two scenarios:

· Scenario 1: rank-1 useful signal, one rank-1 interference signal;

· Scenario 2: rank-1 useful signal, one rank-2 interference signal;

The PDSCH PER performance is analysed for the fixed SIR conditions (SIR = 0 dB) in the assumption of perfect channel estimation. Other main simulation parameters are listed in the Annex. The simulation results are illustrated in Figure 1. The results indicate that in Scenario 2 the ML-IC receiver can suppress the interference with complex spatial structure, while the LMMSE-IRC receivers cannot handle such situations.
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Figure 1. Simulation results
Observation 1: 
In some scenarios with the number of useful and interference spatial streams larger than the number of receive antennas LMMSE-IRC receivers cannot efficiently handle the interference while the non-linear ML-IC receivers still allow interference suppression.
3. Conclusions

In this contribution we have provided our initial views on interference models for LTE NAICS link-level simulations and make the following proposals and observations:

Proposal 1:
The RAN4 WG is recommended to agree on the overall methodology for identification of interference models.

Proposal 2:
Recommend RAN1 WG to provide detailed guidance on priorities of intra-cell MU-MIMO interference scenario studies, expected interference conditions and modeling methodology, since intra-cell inter-user interference heavily depends on scheduling implementation at the eNodeB side.

Proposal 3:
Use RAN4 WG methodology based on DIP and MIMO rank selection statistics for characterization of inter-cell interference conditions.

Proposal 4:
Define new DIP profiles and MIMO rank statistics for deployment scenarios recommended by RAN1 WG.
Observation 1: 
In some scenarios with the number of useful and interference spatial streams larger than the number of receive antennas LMMSE-IRC receivers cannot efficiently handle the interference while the non-linear ML-IC receivers still allow interference suppression.
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Annex – Simulation assumptions
Table 1. Simulation assumptions.

	Parameters
	Scenario 1
	Scenario 2

	Channel
	ETU-5Hz

	System bandwidth
	10 MHz

	Number of interference BS
	1

	SIR, dB
	0 dB

	Useful signal MIMO rank
	1

	Interference signal MIMO rank
	1
	2

	Antenna configuration
	2x2, low correlation

	Transmission scheme
	TM9, 6 PRB pairs, QAM-16, 1256 TBS, 1 HARQ retransmission

(same parameters for transmissions on all spatial streams)

	Beamforming model
	PMI feedback based closed-loop beamforming for useful signal, random beamforming for interference stations

	Channel Estimation
	Perfect
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