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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 goal of the study item is to investigate feasibility and performance of network-assisted interference suppression and cancellation (IS/IC) UE receivers. The LTE NAICS link-level performance analysis was divided into two phases: Phase 1 and Phase 2, corresponding to the static and dynamic interference environments, respectively. The parameters and methodology for the Phase 2 studies were discussed in the previous RAN4 WG meetings and initial agreements were summarized in [2]. In this contribution, we provide the initial simulation results of the Phase 2 link-level performance analysis for the selected candidate IS/IC receivers.
2. Simulation scenarios and assumptions
The link-level modeling parameters for Phase 2 studies are based on the previous RAN4 WG agreements [2] and the set of Phase 2 modeling parameters proposed in the companion contribution [3]. The summary of main parameters is provided below, while the remaining simulation parameters are provided in the Annex.

Interference profiles
The Phase 2 link-level analysis in this paper is provided for a wide set of interference profiles summarized in Table 1. In particular, interference power profile for the low and high SINR regions LTE NAICS Scenario #1 with 40% RU are analysed [4]. Additionally, for information we also provide the Es/Noc operation ranges (i.e. minimum, maximum and average values) corresponding to the considered interference power profiles.
Table 1. Interference profiles
	Profile
	Deployment scenario
	RU
	SINR region
	I1/Noc Percentile
	I1/Noc, [dB]
	I2/Noc, [dB]
	Min Es/Noc, [dB]
	Max Es/Noc, [dB]
	Mean Es/Noc, [dB]

	#1
	LTE NAICS Scenario #1
	40%
	5-25%
	50%
	7.77
	2.29
	4.99
	13.17
	9.1

	#2
	
	
	
	80%
	13.91
	3.34
	9.60
	19.80
	14.7

	#3
	
	
	75-95%
	50%
	6.73
	5.09
	20.76
	31.18
	26.0

	#4
	
	
	
	80%
	17.49
	16.19
	29.14
	43.09
	36.1


Serving and interference cell transmission parameters
The evaluation results are provided for the case of TM9 PDSCH transmissions for both serving and interference cells. For the serving cell the MIMO rank 1 transmissions are used, while the MCS is adapted based on CQI feedback and OLLA mechanism. The interference cell transmission parameters are random and chosen in accordance to the Table 2 on a per FTP packet basis. The FTP packet arrival process is explicitly modelled with average packet duration and packet arrival rates in accordance to the proposals in [3].
Table 2. Interference cell transmission parameters scenarios
	Deployment scenario
	RU
	MIMO rank 1
	MIMO rank 2
	Average packet duration, [ms]
	Packet arrival rate (λ)

	
	
	Probability
	MCS
	Probability
	MCS
	
	

	LTE NAICS Scenario #1
	40%
	54 %
	MCS {7} – 10 %

MCS {13} – 22 %

MCS {22} – 22 %
	46 %
	MCS {8,8} – 1 %

MCS {14,14} – 10 %

MCS {24,24} – 35 %
	220
	1.82


Receiver structures

The performance of the following IS/IC receiver structures was analysed:

· LMMSE-IRC receiver

· E-LMMSE-IRC receiver

· R-ML receiver
· Reduced complexity joint detection of useful and interference signals in accordance to the ML criterion.

Interference knowledge
The genie knowledge of the interference signal transmission parameters required for the work of IS/IC receivers is assumed. The scenarios with one and two cells interference suppression/cancellation are analysed.
3. Performance analysis

The Phase 2 simulation results are illustrated in Figure 1. The IS/IC receivers performance was analysed under assumption of availability of interference signal knowledge for one or two dominant cells (1 cell IS/IC and 2 cell IS/IC, respectively). The summary of SNR gains vs. the reference LMMSE-IRC receiver at 70% maximum throughput point are provided in Table 3. The achievable throughput gains at average operating Es/Noc points (see Table 1) are summarized in Table 4.
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	Interference profile #2

	2 Cell IS/IC
	1 Cell IS/IC
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	Interference profile #3

	2 Cell IS/IC
	1 Cell IS/IC
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	Interference profile #4

	2 Cell IS/IC
	1 Cell IS/IC
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	Figure 1. Phase 2 simulation results


Table 3. SNR gains vs. the LMMSE-IRC receiver @ 70% Maximum throughput
	Interference profile
	SNR gains vs. the LMMSE-IRC receiver @ 70% Maximum throughput, [dB]

	
	2 Cell IS/IC
	1 Cell IS/IC

	
	E-LMMSE-IRC
	R-ML
	E-LMMSE-IRC
	R-ML

	Profile #1
	0.4
	0.6
	0.1
	0.3

	Profile #2
	0.5
	1.2
	0.1
	0.6

	Profile #3
	0.6
	0.8
	0.6
	0.8

	Profile #4
	2.5
	4.5
	1.3
	2.9


Table 4. Relative throughput gains vs. the LMMSE-IRC receiver @ Average operating Es/Noc

	Interference profile
	Relative throughput gains vs. the LMMSE-IRC receiver @ Average operating Es/Noc

	
	2 Cell IS/IC
	1 Cell IS/IC

	
	E-LMMSE-IRC
	R-ML
	E-LMMSE-IRC
	R-ML

	Profile #1
	7.8 %
	10.6 %
	7.1 %
	7.1 %

	Profile #2
	6.4 %
	12.2 %
	1.2 %
	6.4 %

	Profile #3
	0.7 %
	1.6 %
	0.7 %
	1.6 %

	Profile #4
	4.4 %
	9.4 %
	3.4 %
	6.9 %


Based on the analysis of the simulations results we make the following observations:

· The IS/IC receivers provide performance gains under dynamic interference environment conditions of Phase 2 interference modeling:
· In case of two cell interference processing the following SNR gains vs. LMMSE-IRC receiver at the 70% maximum throughput point are achieved: from 0.4 to 2.5 dB for E-LMMSE-IRC, and from 0.6 to 4.5 dB for R-ML receivers..

· In case of two cell interference processing the following throughput gains vs. the LMMSE-IRC receiver at the average Es/Noc points are achieved: from 1% to 8% dB for E-LMMSE-IRC, and from 1.5% to 12% for R-ML receivers.

· The IS/IC receivers performance gains are less pronounced comparing to the Phase 1 performance analysis [5], due to more dynamic interference conditions in terms of MCS and MIMO rank selection statistics. The IS/IC gains observed in Phase 1 are averaged over different interference profiles/conditions used in Phase 2 analysis. However, network assistance and coordination may be applied to maximize performance gains of IS/IC receivers. 
· The performance of different IS/IC receivers significantly depends on the considered interference profiles. The larger performance gains are observed for the case of more strong dominant interferers.

· Using NAICS processing of two dominant interference cells allows achieving 0.3 – 1.6 dB SNR performance improvement comparing to one cell processing case.
4. Conclusions

In this contribution, we have provided initial simulation results for the Phase 2 link-level performance analysis of selected IS/IC receivers in different interference conditions. The results of analysis have shown that IS/IC receivers may provide noticeable performance gains under dynamic interference environment conditions. Further analysis for other IS/IC receiver types, different interference environments, rank 2 serving cell transmissions and blind interference parameters estimation is required to draw final conclusions.
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Annex – Simulation assumptions
Table 5. Simulation assumptions

	Parameters
	Values

	Channel
	EPA-5Hz

	System bandwidth
	10 MHz

	Number of interference cells
	2

	Cell ID
	Serving cell: 0

Interferer cell #1: 6

Interferer cell #2: 1

	Interference profiles
	See Table 1

	Antenna configuration
	2x2, low correlation

	Number of control OFDM symbols
	2

	Useful signal transmission parameters
	TM9 

MIMO rank 1

MCS is based on CQI feedback along with OLLA
OLLA parameters: 10 % target initial transmission BLER, ∆NACK =1.0 dB

	Interference signal transmission parameters
	See Table 2

	HARQ modeling
	Maximum 4 HARQ retransmissions

	Beamforming model
	Wideband PMI
Serving cell: based on wideband PMI feedback
Interference cells: varies randomly from subframe to subframe

	Channel estimation
	Practical

	Network assistance
	Full network assistance
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