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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. In the previous meeting, the initial Phase 2 results were provided by companies (e.g. [2]), however, the RAN4 WG could not make common observations on the IS/IC receivers performance benefits due to non-aligned simulation assumptions among the companies. At the same time, in the previous meeting a good progress on the finalization of Phase 2 modeling assumptions was achieved and the respective agreements were captured in [3].

In this contribution, we provide further Phase 2 link-level performance analysis of selected IS/IC receivers under dynamic interference conditions based on the latest RAN4 WG agreements on link-level modeling assumptions and derive the respective observations on the receivers efficiency in different scenarios.
2. Simulation scenarios and assumptions

The link-level modeling parameters for Phase 2 studies are based on the previous RAN4 WG agreements [3], [4]. 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 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. We also provide the Es/Noc operation ranges (i.e. minimum, maximum) corresponding to the considered interference power profiles. These ranges are further used to analyze the throughput performance gains for the enhanced IS/IC receivers.
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]

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

	#2
	
	
	
	80%
	13.91
	3.34
	9.60
	19.80

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

	#4
	
	
	
	80%
	17.49
	16.19
	29.14
	43.09


Serving and interference cell transmission parameters

The evaluation results are provided for the cases of TM9 and TM4 PDSCH transmissions for both serving and interference cells. For the serving cell transmission parameters are based on link adaption procedure (see below), while the interference cell transmission parameters are randomly selected in accordance to the per FTP packet distributions defined in the Table 2. 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 MCS
	MIMO rank 2
	Average packet duration, [ms]
	Packet arrival rate (λ)

	
	
	Probability
	MCS
	Probability
	MCS
	
	

	LTE NAICS Scenario #1
	40%
	55 %
	MCS {7} – 17 %

MCS {15} – 22 %

MCS {22} – 16 %
	45 %
	MCS {7,7} – 11 %

MCS {14,14} – 16 %

MCS {22,22} – 18 %
	289
	1.384


Receiver structures

The performance of the following IS/IC receiver structures is 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.

· Linear codeword level IC receiver (L-CW-IC)

· This receiver structure involves successive application of linear detection, decoding, re-encoding, and cancellation of interference signals.

Link adaptation

The following link-adaptation parameters are used to control the transmission at the serving cell:

· Wideband PMI, RI and CQI feedbacks based on LMMSE-IRC receiver.

· To correct the performance mismatch between LMMSE-IRC used for CQI calculation and the enhanced IS/IC receiver used for data processing the OLLA mechanism applied:
· The 10 % initial BLER criterion;

· ∆NACK =1.0 dB and ∆ACK = ∆NACK * 1/( 1/target_BLER – 1);
· The maximum and minimum OLLA offsets are not applied.
· No OLLA is used for RI adaptation, hence leading to potential performance underestimation.
Interference knowledge

The genie knowledge of the interference signal transmission parameters required for the work of IS/IC receivers is assumed. The scenarios with the two cells interference signal knowledge is analysed for all receivers. For the R-ML receiver it is assumed that ML detection is applied for four spatial streams (e.g. 2 serving cell layers and 2 dominant interference spatial streams), while spatial pre-whitening is applied for the remaining interference spatial streams (if there are any). For the E-LMMSE-IRC and L-CW-IC full processing of all serving and interference cells signals is assumed.
3. Performance analysis

In this section we provide the summary of Phase 2 link-level simulation results. In particular we provide the following results:

· Average UE throughput (Figure 1). This metric is measured as the average UE throughput during the full simulation time and provides insights on the average performance under varying interference conditions.
· User perceived packet throughput (UPT) (Figure 2). This metric is measured in way that for the serving cell, every 0.5 Mbytes is treated as a FTP packet and UPT is calculated for each FTP packet and defined as packet size (0.5Mbytes) divided by the corresponding consumed packet transmission time [3]. This metric captures interference variation on a packet duration length and may be considered as an approximation of the user throughput metrics used in the respective system-level studies. The results are provided in the form of the CDF curves.
· Average UE throughput gains vs. the baseline LMMSE-IRC receiver (Figure 3). This metric provides relative average throughput gains of enhanced IS/IC receivers vs. the baseline LMMSE-IRC receiver.
	TM9, Interference profile #1
5-25% SINR region, 50% I1/Noc Percentile
	TM9, Interference profile #2
5-25% SINR region, 80% I1/Noc Percentile
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	TM9, Interference profile #3
75-95% SINR region, 50% I1/Noc Percentile
	TM9, Interference profile #4
75-95% SINR region, 80% I1/Noc Percentile
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	TM4, Interference profile #2
5-25% SINR region, 80% I1/Noc Percentile
	TM4, Interference profile #4
75-95% SINR region, 80% I1/Noc Percentile
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	Figure 1. Average throughput performance


	TM9, Interference profile #1
5-25% SINR region, 50% I1/Noc Percentile
	TM9, Interference profile #2
5-25% SINR region, 80% I1/Noc Percentile
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	TM9, Interference profile #3
75-95% SINR region, 50% I1/Noc Percentile
	TM9, Interference profile #4
75-95% SINR region, 80% I1/Noc Percentile

	[image: image9.emf]0 10 20 30 40 50 60

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

Throughput, Mbps

PDSCH, INR3, 2TX, 2RX, 50 PRB, EPA-5Hz

 

 

LMMSE-IRC, SNR=20dB

E-LMMSE-IRC, SNR=20dB

R-ML, SNR=20dB

L-CW-IC, SNR=20dB

LMMSE-IRC, SNR=25dB

E-LMMSE-IRC, SNR=25dB

R-ML, SNR=25dB

L-CW-IC, SNR=25dB

LMMSE-IRC, SNR=30dB

E-LMMSE-IRC, SNR=30dB

R-ML, SNR=30dB

L-CW-IC, SNR=30dB


	[image: image10.emf]0 10 20 30 40 50 60 70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

Throughput, Mbps

 

 

LMMSE-IRC, SNR=30dB

E-LMMSE-IRC, SNR=30dB

R-ML, SNR=30dB

L-CW-IC, SNR=30dB

LMMSE-IRC, SNR=35dB

E-LMMSE-IRC, SNR=35dB

R-ML, SNR=35dB

L-CW-IC, SNR=35dB

LMMSE-IRC, SNR=40dB

E-LMMSE-IRC, SNR=40dB

R-ML, SNR=40dB

L-CW-IC, SNR=40dB



	TM4, Interference profile #2
5-25% SINR region, 80% I1/Noc Percentile
	TM4, Interference profile #4
75-95% SINR region, 80% I1/Noc Percentile

	Figure 2. User perceived packet throughput performance


	TM9, Interference profile #1
5-25% SINR region, 50% I1/Noc Percentile
	TM9, Interference profile #2
5-25% SINR region, 80% I1/Noc Percentile
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	TM9, Interference profile #3
75-95% SINR region, 50% I1/Noc Percentile
	TM9, Interference profile #4
75-95% SINR region, 80% I1/Noc Percentile
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	TM4, Interference profile #2
5-25% SINR region, 80% I1/Noc Percentile
	TM4, Interference profile #4
75-95% SINR region, 80% I1/Noc Percentile
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	Figure 3. Average throughput gains vs, the LMMSE-IRC receiver


Table 3. 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

	
	E-LMMSE-IRC
	R-ML
	L-CW-IC

	TM9, Interference profile #1
	10.3%
	12.5%
	13.0%

	TM9, Interference profile #2
	7.1%
	14.6%
	15.2%

	TM9, Interference profile #3
	5.8%
	12.6%
	14.7%

	TM9, Interference profile #4
	0.6%
	19.5%
	12.4%

	TM4, Interference profile #2
	0.0%
	2.6%
	8.1%

	TM4, Interference profile #4
	0.6%
	7.8%
	10.9%


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

· The IS/IC receivers provide performance gains over the baseline Rel.11 LMMSE-IRC receivers in all considered scenarios under dynamic interference environment conditions of Phase 2 interference modeling.
· The L-CW-IC and R-ML receiver allow achieving substantial performance gains (up to 15-30%) over the baseline LMMSE-IRC receiver;

· The codeword level IC receivers (L-CW-IC) outperform R-ML receivers in the majority of scenarios and provide the maximum performance improvements. However, the relative performance difference between L-CW-IC and R-ML is relatively small.
· In a number of scenarios E-LMMSE-IRC receivers do not provide performance improvement comparing with the LMMSE-IRC receivers.
· With respect to average performance gains the candidate IS/IC receivers may be sorted in ascending order as follows: LMMSE-IRC ≤ E-LMMSE-IRC ≤ R-ML ≤ L-CW-IC.

· 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.

· The IS/IC receivers performance gains are less pronounced comparing to the Phase 1 performance analysis, 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 coordination based on the outcomes of Phase 1 studies may be applied to further improve performance gains of IS/IC receivers. 

· In practical conditions using enhanced IS/IC receivers will results in the spectral efficiency increase which will result in the reduced system loading and interference level reduction. Phase 2 link-level studies do not take this effect into account resulting in performance gains under-estimation. System-level performance analysis may be a more appropriate tool to evaluate performance gains in the dynamic interference environment.

4. Conclusions

In this contribution, we have provided simulation results for the Phase 2 link-level performance analysis of different 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 in a number of interference environments which are characterized by relatively high interference power. Further analysis for other IS/IC receiver interference environments, and blind interference parameters estimation is required to draw final conclusions.
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Annex – Simulation assumptions

Table 4. Simulation assumptions

	Parameters
	Values

	Channel
	EPA-5Hz

	System bandwidth
	10 MHz

	Interference profile
	See Table 1

	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 / TM 4
Follow CQI/RI/PMI; MCS is based on CQI feedback along with OLLA

	Interference signal transmission parameters
	See Table 2

	HARQ modeling
	Maximum 4 HARQ retransmissions

	Beamforming model
	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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