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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 general goal of the study item is to investigate feasibility and performance of network-assisted interference suppression and cancellation (IS/IC) UE receivers in LTE. 
In the RAN4 #66bis meeting, the initial discussion on the candidate receiver structures took place and the WF on NAICS Receiver Terminology [2] was agreed. In RAN4 #67, the RAN4 WG is expected to continue the work on the definition of exact interference models for further link level studies. The respective discussion and models are proposed in the companion contributions [3] and [4].

In this contribution, we provide the results of the initial link-level performance analysis of selected IS/IC receivers in different interference conditions. In particular, we illustrate the impact of the interference power profile and target UE geometry on the efficiency of different IS/IC receiver structures.
2. Simulation assumptions

In this paper, we investigate the performance of different IS/IC receivers in application to the PDSCH signal receive processing. The performance analysis is done under ideal assumptions to see the potential gains of different receiver structures. In particular, we assume ideal channel estimation, no impairments, and perfect alignment of useful and interference transmissions (e.g. colliding CRS, aligned PDSCH resource allocations, etc.). Furthermore, the genie knowledge of the parameters required for the work of IS/IC receivers is assumed. 
The performance of the following general receiver structures is analysed:
· LMMSE-IRC receiver

· The Rel.11 LMMSE-IRC and E-LMMSE-IRC receivers have identical performance since channel estimation for useful and interferer signal is assumed to be ideal.
· ML receiver (ML)
· Full-complexity joint detection of useful and interference signals in accordance to the ML criterion.
· Symbol level SIC receiver (SL-SIC)
· This receiver structure involves successive application of linear LMMSE-IRC detection, signal reconstruction, and cancellation of interference signals. The scheme with a single iteration, soft interference cancellation and error compensation is analysed.

· Code word level SIC receiver

· This receiver structure involves successive application of detection, decoding, re-encoding, and cancellation of interference signals. Receivers with LMMSE-IRC detection (L-CW-SIC) and ML detection steps (ML-CW-SIC) are analysed. 
In order to analyse the impact of the interference environment on the IS/IC receivers performance we make the following assumptions on the useful and interference signals models:

· Number of interferers. The ingle interference signal is considered.
· Interference DIP profile. The following DIP scenarios are investigated:
· DIP = -1.73dB (INR = 3.1dB) which is the same as in Rel.11 advanced receiver SI and WI [5].
· DIP = -1dB (INR = 5.9dB) and DIP = -0.5dB (INR = 9.1dB) which correspond to the typical values for NAICS scenario #2 with partial resource utilization [3].
· DIP = -0.1dB (INR = 16.3dB). This is the scenario with very strong dominant interferer.
· Useful and interference signals MCS schemes. Different combinations of useful and interference signals MCS schemes are considered. In particular, the following useful signal MCS schemes were considered: MCS #1 (QPSK, CR 0.5), MCS #2 (16-QAM, CR 0.7), and MCS #3 (64-QAM, CR 0.8). For the interference signals the schemes with QPSK and 16-QAM modulation were tested.
· MIMO rank. For both useful and interference signals MIMO rank 1 transmission is considered.
The remaining simulation assumptions are listed in the Annex A.

3. Performance analysis

The throughput curves for different DIPs and different interferences scenarios are illustrated below.
	Interference signal: QPSK, CR = 0.45
	Interference signal: 16-QAM, CR = 0.45

	DIP = -1.73dB (INR = 3.1dB)
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	DIP = -1.0dB (INR = 5.9dB)
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	DIP = -0.5dB (INR = 9.1dB)
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	DIP = -0.1dB (INR = 16.3dB)
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The summary of different IS/IC receiver SINR gains vs. the LMMSE-IRC receiver at the 70% throughput level are provided in Table 1 and Table 2.
Table 1. SINR gains vs. the LMMSE-IRC receiver (interference MCS#1)
	DIP, dB
	Useful signal MCS
	SINR gain, dB

	
	
	SL-SIC
	ML
	L-CW-SIC
	ML-CW-SIC

	-1.73
	MCS #1
	0.8
	0.9
	2.0
	2.1

	
	MCS #2
	0.2
	0.7
	1.6
	1.9

	
	MCS #3
	0.3
	0.6
	1.5
	2.0

	-1.00
	MCS #1
	1.6
	1.8
	2.7
	2.7

	
	MCS #2
	0.9
	1.5
	2.9
	3.0

	
	MCS #3
	0.7
	1.3
	2.9
	3.2

	-0.50
	MCS #1
	2.8
	2.9
	3.4
	3.4

	
	MCS #2
	1.9
	2.6
	3.8
	3.6

	
	MCS #3
	1.4
	2.0
	3.9
	4.0

	-0.10
	MCS #1
	4.1
	4.4
	4.1
	4.2

	
	MCS #2
	4.5
	4.2
	4.9
	4.9

	
	MCS #3
	4.1
	4.4
	5.1
	5.1


Table 2. SINR gains vs. the LMMSE-IRC receiver (interference MCS#2)
	DIP, dB
	Useful signal MCS
	SINR gain, dB

	
	
	SL-SIC
	ML
	L-CW-SIC
	ML-CW-SIC

	-1.73
	MCS #1
	~0
	~0
	0.4
	0.5

	
	MCS #2
	~0
	~0
	0.2
	0.2

	
	MCS #3
	~0
	~0
	0.3
	0.3

	-1.00
	MCS #1
	0.1
	0.2
	1.6
	1.8

	
	MCS #2
	~0
	0.2
	0.9
	1.2

	
	MCS #3
	0.1
	0.2
	0.9
	1.2

	-0.50
	MCS #1
	0.5
	0.9
	3.2
	3.3

	
	MCS #2
	0.2
	0.6
	2.7
	3.1

	
	MCS #3
	0.1
	0.5
	2.4
	3.1

	-0.10
	MCS #1
	3.1
	3.4
	4.2
	4.2

	
	MCS #2
	1.8
	2.8
	4.6
	4.6

	
	MCS #3
	1.3
	2.5
	5.0
	5.0


Based on the analysis of the simulations results we make the following observations on the comparative performance of different receiver structures:

· The enhanced IS/IC receivers (ML, SL-SIC, L-CW-SIC and ML-CW-SIC) outperform the LMMSE-IRC receivers in the majority of scenarios. 
· In certain scenarios (low DIP and 16-QAM interference) the enhanced IS/IC receivers do not provide meaningful gains comparing to the LMMSE-IRC.

· The ML receivers outperform SL-SIC receivers for all considered scenarios.

· Due to exploiting the CTC decoder capabilities the codeword level IC receivers (L-CW-SIC and ML-CW-SIC) outperform symbol level IS/IC receivers (i.e. ML and SL-SIC). The exact performance difference depends on the interference scenarios (DIPs, interference MCSs).
· The ML based codeword level SIC receivers (ML-CW-SIC) provide small performance improvement comparing to the L-CW-SIC receiver. 

· The average performance gains of the considered IS/IC receivers may be sorted in ascending order as follows: LMMSE-IRC ≤ SL-SIC ≤ ML ≤ L-CW-SIC ≤ ML-CW-SIC. 

With respect to the impact of different interference environment aspects we make the following observations:

· The performance of different IS/IC receivers significantly depends on the investigated DIP level. The largest performance gains are observed for the DIPs close to zero (i.e. in case of strong dominant interferer).
· The performance gains are observed for all target UE geometries. For the ML and SL-SIC receivers the absolute SINR gains tend to become smaller for MCSs with higher order modulation. 

· The performance of different IS/IC receivers significantly depends on the assumed interference signal MCS (both modulation and code rate). The largest performance gains are observed when interference signal is using QPSK modulation. At the same time the suppression/cancellation of the 16-QAM based interference signal may be difficult in scenarios with low DIPs (e.g. -1.73 dB).

· In summary the IS/IC capabilities largely depend on the assumed combination of SINR, DIP (INR), and useful and interference signal MCSs.

4. Conclusions

In this contribution, we provide the results of the initial link-level performance analysis of selected IS/IC receivers in different interference conditions. The results of analysis has shown that performance of IS/IC receivers largely depends on the assumed combination of SINR, DIP (INR), and useful and interference signal MCSs. So, for further studies the RAN4 WG should take into account the related aspects and aim to provide further analysis for a wide set of scenarios, drawing the conclusions on interference scenarios where IS/IC receivers are the most beneficial.
Proposal 1:
The IS/IC receivers link-level performance analysis should cover scenarios with different DIP profiles, combinations of useful and interference signals MCSs, and different useful and interference signals MIMO rank statistics.
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Annex A – Simulation assumptions
Table 3. Simulation assumptions.

	Parameters
	Values

	Channel
	ETU-5Hz

	System bandwidth
	10 MHz

	Number of interference BS
	1

	DIP, dB
	-1.73 dB / -1.0 dB / -0.5 dB / -0.1 dB

	Antenna configuration
	2x2, low correlation

	Useful signal transmission scheme
	TM9, MIMO rank 1

1 HARQ retransmission

MCS #1 (QPSK, CR 0.5), MCS #2 (16-QAM, CR 0.7), MCS #3 (64-QAM, CR 0.8)

	Interference signal transmission scheme
	TM9, MIMO rank 1
MCS #1 (QPSK, CR 0.45), MCS #2 (16-QAM, CR 0.45)

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

	Channel estimation
	Perfect
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