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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 1 results were provided [2]. The RAN4 WG made initial observations on the IS/IC receivers performance benefits based on Phase 1 analysis which were captured in the LS to the RAN1 WG [3]. In this contribution, we continue Phase 1 link-level performance analysis of selected IS/IC receivers under static interference conditions.
2. Simulation scenarios and assumptions
The Phase 1 link-level modeling parameters are based on the previous agreements [4] and also take into account additional scenarios proposed in [5] (e.g. MIMO rank 2 interference). The summary of the main parameters is provided below, while the remaining simulation parameters are provided in the Annex A.
Interference profiles
The Phase 1 link-level analysis is provided for the following set of interference profiles in Table 1. In particular, interference power profiles for the low SINR region LTE NAICS Scenario #1 with 40% RU are analysed [6]. The performance analysis is provided for ON/ON and ON/OFF interference data patterns (i.e. when ON, the interferer is assumed to be fully loaded; when OFF, the interferer is assumed to transmit CRS).
Table 1. Interference profiles
	Profile
	Deployment scenario
	RU
	SINR region
	I1/Noc percentile
	I1/Noc, [dB]
	I2/Noc, [dB]
	Interference pattern

	#1a
	LTE NAICS Scenario #1
	40%
	5-25%
	50%
	7.68
	2.16
	ON/ON

	#1b
	LTE NAICS Scenario #1
	40%
	5-25%
	50%
	7.68
	2.16
	ON/OFF

	#2a
	LTE NAICS Scenario #1
	40%
	5-25%
	80%
	13.83
	3.31
	ON/ON

	#2b
	LTE NAICS Scenario #1
	40%
	5-25%
	80%
	13.83
	3.31
	ON/OFF


Receiver structures

The performance of the following general receiver structures is evaluated:

· 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.

· Symbol level IC receiver (SL-IC)
· 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.

· 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.

Interference signal parameters knowledge
The genie knowledge of the interference signal transmission parameters required for the work of IS/IC receivers is assumed for current analysis. The IS/IC receivers with two cells interference suppression/cancellation are analysed except for studies in Section 3.3, where the impact of the number of suppressed/cancelled cells is analysed.
3. Performance analysis
3.1 Scenario #1: TM9 performance analysis
In Scenario #1 both serving cell and interference cells use TM9 transmissions. The summary of investigated serving and interference cell transmission parameters is provided in Table 2. The link level simulation results for different scenarios are summarized in Figure 1, Figure 2, and Table 3 (detailed results are provided in the Annex B).
Table 2. Scenario #1 serving and interference cells transmission parameters
	Serving Cell
	Interference cell #1
	Interference cell #2
	Notes

	TM9

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2
	TM9

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2

MCS 25: QAM64, Rate 3/4
	TM9

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2

MCS 25: QAM64, Rate 3/4
	TM9 scenario with ON/ON interference pattern and MIMO rank 1 interference

	TM9

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2
	TM9

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2

MCS 25: QAM64, Rate 3/4
	OFF
	TM9 scenario with ON/OFF interference pattern and MIMO rank 1 interference

	TM9

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2
	TM9

MIMO rank 2

MCS {5,5}, QPSK, Rate 1/3

MCS {14,14}: QAM16, Rate 1/2
	OFF
	TM9 scenario with ON/OFF interference pattern and MIMO rank 2 interference


Table 3. Scenario #1 simulation results summary

	SNR gain
	E-LMMSE-IRC
	SL-IC
	R-ML
	L-CW-IC

	Maximum, [dB]
	1.3
	7.4
	8.5
	9.0

	Minimum, [dB]
	0.2
	0.5
	0.5
	0.5

	Average, [dB]
	0.8
	2.2
	2.5
	3.1
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Figure 1. Scenario #1 simulation results summary (Interference profile #1)
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Figure 2. Scenario #1 simulation results summary (Interference profile #2)


Based on the analysis of the simulations results we make the following observations on the NAICS receivers performance in TM9 scenarios.
Observations 1 (TM9 scenario):
· Enhanced IS/IC receivers (E-LMMSE-IRC, ML, SL-IC, L-CW-IC) outperform the baseline Rel.11 LMMSE-IRC receivers in all considered scenarios.

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

· The codeword level IC receivers (L-CW-IC) outperform symbol level IS/IC receivers (i.e. R-ML and SL-IC) in the majority of scenarios and provide the maximum performance improvements. 

· With respect to average performance gains the considered IS/IC receivers may be sorted in ascending order as follows: LMMSE-IRC ≤ E-LMMSE-IRC ≤ SL-IC ≤ R-ML ≤ L-CW-IC.

· The performance of different IS/IC receivers significantly depends on the interference profiles

· The largest performance gains are observed for the case of strong dominant interferer.
· The IS/IC receivers gains are typically larger in case when both dominant interferes are active (i.e. ON/ON interference pattern).

· The performance of different IS/IC receivers significantly depends on the interference signal MCS and MIMO rank
· The largest performance gains are observed when interference signal is modulated by QPSK. 

· The suppression/cancellation of the QAM16 and QAM64 based interference signal may be difficult in scenarios with low INR.

· In case of strong MIMO rank 2 QPSK interference the enhanced IS/IC receiver allow achieving substantial performance gains as the baseline LMMSE-IRC receiver lacks degrees of freedom to efficiently suppress the interference. In case of QAM16 based MIMO rank 2 interference the performance gains decline. 
3.2 Scenario #2: TM4 performance analysis

In this section we provide the summary of simulation results for the case of using CRS-based TM 4 PDSCH in both serving and interference cells. The investigated serving and interference cell transmission parameters are summarized in Table 4. The summary of link level simulation results for different scenarios is provided in Figure 3, Figure 4 and Table 5 (detailed results are provided in Annex B).
Table 4. Scenario #2 serving and interference cells transmission parameters
	Serving Cell
	Interference cell #1
	Interference cell #2
	Notes

	TM4

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2
	TM4

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2

MCS 25: QAM64, Rate 3/4
	TM4

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2

MCS 25: QAM64, Rate 3/4
	TM4 scenario with ON/ON interference pattern and MIMO rank 1 interference

	TM4

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2
	TM4

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2

MCS 25: QAM64, Rate 3/4
	OFF
	TM4 scenario with ON/OFF interference pattern and MIMO rank 1 interference


Table 5. Scenario #2 simulation results summary

	SNR gain
	E-LMMSE-IRC
	SL-IC
	R-ML
	L-CW-IC

	Maximum, [dB]
	6.2
	9.3
	9.3
	9.6

	Minimum, [dB]
	1.1
	1.2
	1.2
	1.1

	Average, [dB]
	2.9
	3.7
	3.7
	4.3
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Figure 3. Scenario #2 simulation results summary (Interference profile #1)
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Figure 4. Scenario #2 simulation results summary (Interference profile #2)


Based on the analysis of the TM4 simulations results we make the following observations on NAICS receivers performance.
Observations 2 (TM4 scenario):

· The NAICS receivers performance in TM4 and TM9 scenarios is almost similar except for the following aspects:

· All considered enhanced IS/IC receivers typically provide larger performance improvements comparing to the TM9 scenario.
· The IS/IC receivers gains are typically larger in case when the first dominant interferer is active, while the second one is inactive (i.e. ON/OFF interference pattern).

· In some scenarios the SL-IC receivers provide slightly better performance than the R-ML receivers due to better tolerance to channel estimation errors.

3.3 Scenario #3: One and two interference cells NAICS processing
The prior Phase 1 performance analysis is based on the assumption that the information on the interference signal parameters is available for both dominant interference cells and the enhanced IS/IC processing is also applied for both cells. At the same time, 2-cell processing may have certain implications on both UE implementation complexity and the amount of required network signalling. So, from the system design perspective it is important to study the achievable performance benefits in case of processing of different number of interference cells. So, in this section we provide the performance comparison of those two cases with one and two cells enhanced interference processing (namely 1 Cell IS/IC and 2 Cell IS/IC). The enhanced processing can be split into two main parts: the IS/IC receive processing itself and CRS-IC; both of which have substantial impact on the performance improvements. To capture the effects from IS/IC alone the CRS-IC was assumed to be always available.
The performance of NAICS receivers was analysed for the case of ON/ON interference pattern and the summary of serving and interference cell MCS and MIMO rank configuration is provided in Table 6.

Table 6. Scenario #3 serving and interference cells transmission parameters
	Serving Cell
	Interference cell #1
	Interference cell #2
	Notes

	TM9

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate 1/2
	TM9

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 25: QAM64, Rate 3/4
	TM9

MIMO rank 1

MCS 5: QPSK, Rate 1/3

MCS 25: QAM64, Rate 3/4
	TM9 scenario with ON/ON interference pattern and MIMO rank 1 interference


In Figure 5, we illustrate the NAICS receivers performance for different scenarios mentioned above. The summary of simulation results is provided in Table 7.
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	Figure 5. One vs. two cell IS/IC processing


Table 7. Scenario #3 simulation results
	Interference profile
	Interference cell RI {I1},{I2}
	Interference cell MCS

{I1},{I2}
	Serving cell MCS
	SNR gains of 2 cell vs. 1 cell processing @ 70% Throughput

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

	Profile #1a
(ON/ON)
	{1},{1}
	{5},{5}
	{5}
	0.9
	1.5
	2.5

	
	
	
	{14}
	0.6
	0.7
	2.2

	
	{1},{1}
	{25},{25}
	{5}
	0.7
	0.7
	0.8

	
	
	
	{14}
	0.3
	0.3
	0.3

	Profile #2a
(ON/ON)
	{1},{1}
	{5},{5}
	{5}
	0.8
	1.7
	2.3

	
	
	
	{14}
	0.6
	1.3
	2.0

	
	{1},{1}
	{25},{25}
	{5}
	1.0
	0.8
	0.9

	
	
	
	{14}
	0.7
	0.1
	0.7


In Table 8 we summarize the achievable performance gains for all considered scenarios in case of using two cell enhanced interference processing comparing to one cell processing case.
Table 8. Scenario #3 simulation results summary
	SNR gain
	E-LMMSE-IRC
	R-ML
	L-CW-IC

	Maximum, [dB]
	1.0
	1.7
	2.5

	Minimum, [dB]
	0.3
	0.1
	0.3

	Average, [dB]
	0.7
	0.9
	1.5


Based on analysis of these simulation results we make the following observations.
Observations 3:
· Using two interference cell processing allows achieving noticeable performance gains comparing to the one cell processing receivers for the considered scenarios. The averaged performance gains over different scenarios are 0.7 dB for E-LMMSE-IRC, 0.9 dB for the R-ML receiver and 1.5 dB for the L-CW-IC receivers.
· Using two interference cell processing incurs higher IS/IC receiver complexity and potentially higher network signalling overhead comparing to the one interference cell processing.

4. Conclusions

In this contribution, we have provided the simulation results for the Phase 1 link-level performance analysis of selected IS/IC receivers in different interference conditions. The results of analysis have shown that performance of IS/IC receivers largely significantly depends on the assumed combination of Es/Noc, I1/Noc, I2/Noc, and useful and interference signal MCSs.
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Annex A – Simulation assumptions
Table 9. Simulation assumptions

	Parameters
	Values

	Channel
	EPA-5Hz

	System bandwidth
	10 MHz

	Number of interference BS
	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

	HARQ modeling
	Maximum 4 HARQ retransmissions

	Beamforming model
	Wideband PMI is for TM4 and TM9 transmissions 
Fixed across entire frequency band

Varies randomly from subframe to subframe for interfering cells, fixed across subframes for serving cell

	Channel estimation
	Practical

	Network assistance
	Full network assistance


Annex B – Simulation results
Table 10. Scenario #1 simulation results

	Interference profile
	Interference cell RI {I1},{I2}
	Interference cell MCS

{I1},{I2}
	Serving cell MCS
	SNR gains vs. the LMMSE-IRC receiver @ 70% Throughput, [dB]

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

	Profile #1a
(ON/ON)
	{1},{1}
	{5},{5}
	{5}
	1.2
	3.4
	3.7
	5.8

	
	
	
	{14}
	0.7
	1.5
	2.3
	4.7

	
	{1},{1}
	{14},{14}
	{5}
	1.2
	1.8
	1.8
	2.0

	
	
	
	{14}
	0.7
	1.0
	0.7
	1.0

	
	{1},{1}
	{25},{25}
	{5}
	1.2
	1.2
	1.2
	1.3

	
	
	
	{14}
	0.7
	0.7
	0.7
	0.7

	Profile #1b
(ON/OFF)
	{1},{NA}
	{5},{NA}
	{5}
	0.9
	3.0
	3.4
	3.7

	
	
	
	{14}
	0.6
	2.0
	2.5
	3.3

	
	{1},{NA}
	{14},{NA}
	{5}
	0.9
	1.2
	1.2
	2.2

	
	
	
	{14}
	0.6
	0.9
	0.9
	1.1

	
	{1},{NA}
	{25},{NA}
	{5}
	0.9
	1.1
	1.2
	1.2

	
	
	
	{14}
	0.6
	0.7
	0.7
	0.8

	
	{2},{NA}
	{5,5},{NA}
	{5}
	1.0
	2.9
	3.2
	5.0

	
	
	
	{14}
	0.6
	1.3
	1.6
	2.6

	
	{2},{NA}
	{14,14},{NA}
	{5}
	1.0
	1.0
	1.1
	1.1

	
	
	
	{14}
	0.6
	0.6
	0.6
	0.6

	Profile #2a
(ON/ON)
	{1},{1}
	{5},{5}
	{5}
	1.3
	5.3
	6.1
	7.0

	
	
	
	{14}
	1.1
	4.3
	5.1
	6.9

	
	{1},{1}
	{14},{14}
	{5}
	1.3
	2.8
	2.9
	4.7

	
	
	
	{14}
	1.1
	1.4
	1.9
	3.4

	
	{1},{1}
	{25},{25}
	{5}
	1.3
	1.5
	1.5
	1.2

	
	
	
	{14}
	1.1
	1.1
	1.1
	1.1

	Profile #2b
(ON/OFF)
	{1},{NA}
	{5},{NA}
	{5}
	0.7
	4.1
	4.2
	4.4

	
	
	
	{14}
	0.5
	3.8
	4.2
	4.2

	
	{1},{NA}
	{14},{NA}
	{5}
	0.7
	2.6
	2.6
	3.7

	
	
	
	{14}
	0.5
	1.6
	2.1
	3.6

	
	{1},{NA}
	{25},{NA}
	{5}
	0.7
	1.1
	1.4
	1.0

	
	
	
	{14}
	0.5
	0.5
	0.5
	0.5

	
	{2},{NA}
	{5,5},{NA}
	{5}
	0.9
	7.4
	8.5
	9.0

	
	
	
	{14}
	0.2
	3.9
	7.5
	8.5

	
	{2},{NA}
	{14,14},{NA}
	{5}
	0.9
	2.4
	3.1
	2.8

	
	
	
	{14}
	0.2
	1.3
	1.8
	0.8


Table 11. Scenario #2 simulation results

	Interference profile
	Interference cell RI {I1},{I2}
	Interference cell MCS

{I1},{I2}
	Serving cell MCS
	SNR gains vs. the LMMSE-IRC receiver @ 70% Throughput, [dB]

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

	Profile #1a
(ON/ON)
	{1},{1}
	{5},{5}
	{5}
	1.1
	2.3
	2.1
	4.0

	
	
	
	{14}
	1.2
	1.4
	1.7
	2.7

	
	{1},{1}
	{14},{14}
	{5}
	1.1
	1.5
	1.5
	1.4

	
	
	
	{14}
	1.2
	1.2
	1.2
	1.6

	
	{1},{1}
	{25},{25}
	{5}
	1.1
	1.3
	1.2
	1.1

	
	
	
	{14}
	1.2
	1.2
	1.2
	1.2

	Profile #1b
(ON/OFF)
	{1},{NA}
	{5},{NA}
	{5}
	2.7
	4.4
	4.5
	5.3

	
	
	
	{14}
	2.6
	3.7
	4.1
	5.6

	
	{1},{NA}
	{14},{NA}
	{5}
	2.7
	2.9
	2.7
	3.6

	
	
	
	{14}
	2.6
	2.7
	2.6
	2.9

	
	{1},{NA}
	{25},{NA}
	{5}
	2.7
	2.7
	2.7
	2.8

	
	
	
	{14}
	2.6
	2.7
	2.7
	2.6

	Profile #2a
(ON/ON)
	{1},{1}
	{5},{5}
	{5}
	2.8
	5.1
	5.5
	6.2

	
	
	
	{14}
	2.1
	3.8
	4.1
	4.8

	
	{1},{1}
	{14},{14}
	{5}
	2.8
	3.9
	3.7
	5.4

	
	
	
	{14}
	2.1
	2.2
	2.4
	3.5

	
	{1},{1}
	{25},{25}
	{5}
	2.8
	3.5
	3.1
	3.0

	
	
	
	{14}
	2.1
	2.5
	2.5
	2.1

	Profile #2b
(ON/OFF)
	{1},{NA}
	{5},{NA}
	{5}
	6.2
	9.3
	9.3
	9.6

	
	
	
	{14}
	4.5
	6.8
	6.6
	7.2

	
	{1},{NA}
	{14},{NA}
	{5}
	6.2
	7.6
	7.3
	9.2

	
	
	
	{14}
	4.5
	5.5
	4.9
	7.1

	
	{1},{NA}
	{25},{NA}
	{5}
	6.2
	6.5
	6.2
	6.3

	
	
	
	{14}
	4.5
	4.8
	4.5
	4.7


PAGE  
6/8

