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1. Introduction

At the RAN#59 meeting, an LTE Release 12 study item on Network-Assisted Interference Cancellation and Suppression (NAICS) was approved [1]. Currently, NAICS study in RAN1 focuses on the following objectives described in the SID. 
· (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers

At the last RAN1 meeting, system-level modeling methodologies for each IS/IC receiver were discussed and those methodologies are captured in [2] for further system level evaluation. Based on the agreed system-level modeling methodology, this contribution provides system-level evaluation results of symbol-level IC (SLIC). 
2. Performance Evaluation of SLIC
2.1. Simulation assumptions
In this contribution, we assume the following to evaluate the system-level performance of SLIC.

· Receiver type assumption
· Baseline receiver: Rel.11 MMSE-IRC receiver
· SLIC: Realistic cancellation for dominant interference signal based on soft-decision replica

· Ideal SIC: Ideal cancellation for dominant interference signal

· System-level modeling methodologies applied in this contribution
· Baseline receiver: Modeling methodology captured in [3], i.e., based on the complex Wishart distribution
SLIC: Alternative 1 among the modeling methodologies for SLIC captured in [2]. A sample of an alpha table is attached blow.
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· Number of cancelling interfering cells

We assume that SLIC and Ideal SIC cancel the signal transmitted from the most dominant interfering cell, i.e, a 1-cell interference canceller is assumed. Note that the most dominant interfering cell is defined as the cell with the highest RSRP in the interference cells where there are data traffic for.

· Scheduling restriction and coordination between eNodeBs
It is highly desired from the NW perspective that scheduling restrictions or coordination is not mandated in order to apply these receiver types. Accordingly, scheduling restrictions and coordination between the severing cell and interfering cells are not applied in this evaluation.
· Restriction of interference cancellation
To reduce the signaling overhead and/or blind detection complexity, we assume that application of SLIC and Ideal SIC is restricted to the RBs where the following two conditions are simultaneously satisfied.
· Rank-1 and a lower level MCS, i.e., only QPSK and 16QAM, are applied to the desired signal 
· Rank-1 is applied to the interfering signal
In the other RBs, the baseline receiver, i.e., Rel.11 MMSE-IRC, is applied. 
· Parameters of interfering signals required at UE
In this contribution, genie-aided SLIC and Ideal SIC are assumed, i.e., the interference parameters are ideally known at the UE. Note that the DM-RS-based transmission mode (TM9) is assumed in all the cells. More specifically, based on the RAN4 discussion [2], we assume that the following parameters are available to cancel the PDSCH, CRS, and CSI-RS of the most dominant interfering signal:
· Semi-static parameters:
· Cell ID, CRS Antenna port, Data to RS EPRE (PB), MBSFN configuration, and CSI-RS configuration
· Dynamic parameters:
CFI, Modulation Order, PDSCH bandwidth for DM-RS, DM-RS antenna port, RI, and nSCID
· CSI feedback

The same CSI feedback as that for the baseline receiver is assumed for SLIC and Ideal SIC.

The other simulation assumptions are given in Table A1 in the Appendix.
2.2. Simulation results
· NAICS Scenario 1 (Macrocell deployment)

System level evaluation results in NAICS scenario 1 are shown in Tables I and II for an FTP traffic model with 40% resource utilization (RU) and that with 60% RU, respectively. 
From the results, we observe that the SLIC can achieve a gain of 4.3% - 7.6% in the system performance in terms of the 5 percentile cell edge user throughput in a macro cell deployment scenario. This is because the SLIC can effectively cancel the most dominant interference signal from neighboring macro cell. However, Tables I and II do not represent the full potential gain from SLIC because of the following reasons.
· Since the same CSI feedback is assumed for the baseline receiver and SLIC, the effect of the interference cancellation through SLIC is not considered in the CSI. CSI feedback enhancements for SLIC can be considered to obtain a higher performance gain.

· SLIC cancels the highest RSRP interference signal in this contribution. However, RSRP may not be the optimal metric to select the interference for cancelling because that value is averaged over the long term. The system performance gain could be increased by cancelling the most dominant interference in each subframe.

· We assumed that SLIC is applied to limited RBs satisfying two conditions as mentioned in Section 2.1. This may be one possible reason to limit the performance improvement. However, even if SLIC is applied to all the RBs, the improvement in the performance is considered to be marginal according to our link level studies [4].

If the above issues are resolved, there is a possibility that the performance of SLIC can be further improved. On the other hand, there also exist negative factors that degrade performance. The genie-aided SLIC is assumed and the signaling overhead and the effect of blind detection for the interference parameters are not taken into account in this evaluation. Therefore, further investigations on the impact of blind decoding are needed by more sophisticated link level simulation. 
We can also see that the performance gain increases as the traffic load increases. For example, the performance gain is 4.3% in the FTP traffic model with 40% RU, but it increases to 7.6% in that with 60% RU. As the resource utilization decreases, the number of the interference signal sources also decreases. Therefore, the throughput gain of SLIC is limited. For another possible reason, when traffic load is low, higher Ranks and MCSs in both the serving and interference cells are more likely to be used due to lower interference and higher SINR. In this case, the system performance gain of SLIC is not evident due to a lower probability that SLIC will be applied. 
Table I. FTP Traffic Model 1@40% RU

[image: image2.emf]Thp. [Mbps] Gain Thp. [Mbps] Gain

LMMSE-IRC 2.87 - 18.02 -

SLIC 2.99 4.3% 18.16 0.8%

Ideal SIC 3.29 14.8% 18.54 2.9%

Receiver

5%ile UE throughput  Cell average


Table II. FTP Traffic Model 1@60% RU 

[image: image3.emf]Thp. [Mbps] Gain Thp. [Mbps] Gain

LMMSE-IRC 1.76 - 13.53 -

SLIC 1.89 7.6% 14.01 3.6%

Ideal SIC 2.40 36.3% 14.79 9.3%

Receiver

5%ile UE throughput  Cell average


· NAICS Scenario 2a/2b (Small cell deployment)

System level evaluation results in NAICS scenario 2a/2b are presented in Table III and IV for the FTP traffic models with 40% RU, and 60% RU, respectively.
The results show that the SLIC can achieve a gain of 0.5% - 11.2% in the system performance in macro cell UEs, and a gain of 0.9% - 8.2% in small cell UEs in terms of the 5 percentile cell-edge user throughput. Similar to NAICS Scenario 1, Tables III and IV do not represent the maximum gain of SLIC. Therefore, further investigation on CSI feedback enhancement and the network signaling and/or blind detection are needed.

Focusing on the FTP traffic model 1 with 40% RU, we can see that the gain of SLIC is very low compared to the other traffic model case. The reason for this is that resource utilization is low similar to NAICS scenario 1.
Table III. FTP Traffic Model 1@40% RU
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LMMSE-IRC 3.32 - 5.58 - 4.49 - 20.63 - 28.13 - 25.88 -

SLIC 3.33 0.5% 5.63 0.9% 4.56 1.7% 20.68 0.2% 28.18 0.2% 25.93 0.2%

Ideal SIC 3.60 8.7% 6.10 9.5% 4.98 11.1% 21.05 2.1% 28.51 1.4% 26.27 1.5%

Receiver

5%ile UE throughput Cell average

Macro Small Total Macro Small Total


Table IV. FTP Traffic Model 1@60% RU 
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LMMSE-IRC 2.00 - 4.43 - 3.04 - 15.77 - 24.75 - 22.06 -

SLIC 2.23 11.2% 4.79 8.2% 3.25 7.0% 16.38 3.9% 25.50 3.0% 22.78 3.2%

Ideal SIC 2.67 33.2% 5.57 25.8% 3.97 30.4% 17.41 10.4% 26.00 5.1% 23.44 6.2%

Receiver

5%ile UE throughput Cell average

Macro Small Total Macro Small Total


3. Conclusion

This contribution provides system level evaluation results for SLIC. The results show that the SLIC can achieve a gain of 4.3% - 7.6% in the system performance in NAICS scenario 1, and a gain of 0.5% - 11.2% in macro cell UEs, and a gain of 0.9% - 8.2% in small cell UEs in NAICS Scenario 2a/2b in terms of the 5 percentile cell edge user throughput. To ensure a similar or larger performance gain, the impact of CSI feedback enhancement and signaling and/or blind detection for the SLIC should be investigated as the next step.
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Appendix

Table A1. System Level Simulation Assumption
[image: image6.emf]Carrier frequency 2 GHz

Transmission bandwidth 10 MHz

Subband bandwidth 1.08 MHz (6 RBs)

eNB: XP with 0.5 wavelength spacing; 2 Tx antennas

UE: XP with 0.5 wavelength spacing; 2 Rx antennas

Deployment scenario NAICS Scenario 1, 2a/2b

UE inddor/outdoor distribution 80% indoor , 20% outdoor

Traffic model FTP traffic model @40%,60% RU

UE moving speed 3 km/h

MIMO scheme SU-MIMO

Scheduling algorithm Proportional fair

Control delay (scheduling, AMC) 6 ms

HARQ Chase combining

CQI/PMI feedback interval 10 ms

Granularity of PMI and CQI feedback PUSCH Mode 3-1

Channel estimation Non-ideal

IRC receiver covariance estimation

Non-ideal covariance matrix modeled by Wishart

distribution

TM of PDSCH TM9

PDCCH (2 symbols per subframe)

DM-RS (12 REs per PRB)

Modeling of interference outside the area

Realistic interference assuming precoding and

scheduling at other TPs

CRE offset 0 dB

Hadover margin 3 dB

Number of MBSFN subframes 0

Antenna configuration

Overhead of RS and PDCCH
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		INR = 0dB										INR = 3dB

		SNR (dB)		Intf demod								SNR (dB)		Intf demod

				QPSK		16QAM		64QAM						QPSK		16QAM		64QAM

		0		-1.514		-0.643		-0.335				0		-2.971		-1.311		-0.665

		2		-1.444		-0.671		-0.396				2		-2.703		-1.112		-0.436

		4		-1.410		-0.696		-0.439				4		-2.600		-1.007		-0.243

		6		-1.396		-0.720		-0.476				6		-2.693		-1.008		-0.175

		8		-1.384		-0.754		-0.525				8		-2.864		-1.050		-0.179

		10		-1.358		-0.786		-0.575				10		-3.037		-1.098		-0.198

		12		-1.295		-0.786		-0.597				12		-3.178		-1.134		-0.210

		14		-1.177		-0.733		-0.572				14		-3.254		-1.146		-0.202

		16		-1.005		-0.630		-0.499				16		-3.281		-1.142		-0.185

		18		-0.803		-0.500		-0.399				18		-3.266		-1.123		-0.156

		20		-0.604		-0.371		-0.297				20		-3.218		-1.083		-0.111

		22		-0.431		-0.262		-0.210				22		-3.133		-1.019		-0.039

		24		-0.296		-0.178		-0.143				24		-3.001		-0.922		0.071

		26		-0.198		-0.118		-0.095				26		-2.809		-0.778		0.233

		28		-0.130		-0.078		-0.063				28		-2.540		-0.570		0.463

		30		-0.085		-0.051		-0.041				30		-2.179		-0.279		0.783

								(dB)										(dB)

		INR = 6dB										INR = 9dB

		SNR (dB)		Intf demod								SNR (dB)		Intf demod

				QPSK		16QAM		64QAM						QPSK		16QAM		64QAM

		0		-5.617		-2.996		-2.155				0		-8.807		-5.101		-3.924

		2		-5.154		-2.696		-1.889				2		-8.224		-4.670		-3.564

		4		-4.734		-2.449		-1.635				4		-7.549		-4.214		-3.178

		6		-4.565		-2.422		-1.546				6		-6.884		-3.819		-2.830

		8		-4.782		-2.629		-1.679				8		-6.500		-3.749		-2.760

		10		-5.145		-2.860		-1.849				10		-6.704		-4.208		-3.140

		12		-5.467		-3.003		-1.953				12		-7.288		-4.799		-3.634

		14		-5.703		-3.084		-2.005				14		-7.842		-5.173		-3.920

		16		-5.834		-3.118		-2.016				16		-8.246		-5.345		-4.040

		18		-5.882		-3.114		-1.998				18		-8.490		-5.405		-4.066

		20		-5.859		-3.079		-1.954				20		-8.585		-5.395		-4.041

		22		-5.775		-3.010		-1.881				22		-8.565		-5.330		-3.968

		24		-5.628		-2.900		-1.764				24		-8.447		-5.207		-3.848

		26		-5.407		-2.740		-1.594				26		-8.226		-5.020		-3.666

		28		-5.095		-2.514		-1.356				28		-7.900		-4.759		-3.412

		30		-4.678		-2.204		-1.033				30		-7.451		-4.409		-3.070

								(dB)										(dB)

		INR = 12dB										INR = 15dB

		SNR (dB)		Intf demod								SNR (dB)		Intf demod

				QPSK		16QAM		64QAM						QPSK		16QAM		64QAM

		0		-12.364		-7.798		-6.055				0		-16.004		-11.165		-8.559

		2		-11.739		-7.208		-5.596				2		-15.427		-10.416		-8.002

		4		-10.964		-6.569		-5.090				4		-14.658		-9.575		-7.384

		6		-10.052		-5.898		-4.549				6		-13.697		-8.672		-6.707

		8		-9.075		-5.259		-4.026				8		-12.556		-7.727		-5.978

		10		-8.302		-4.947		-3.784				10		-11.262		-6.788		-5.243

		12		-8.184		-5.413		-4.211				12		-10.046		-6.091		-4.703

		14		-8.805		-6.485		-5.150				14		-9.352		-6.150		-4.827

		16		-9.639		-7.419		-5.878				16		-9.638		-7.370		-5.942

		18		-10.304		-7.874		-6.194				18		-10.566		-9.052		-7.359

		20		-10.724		-8.030		-6.270				20		-11.521		-10.250		-8.204

		22		-10.916		-8.027		-6.240				22		-12.187		-10.745		-8.480

		24		-10.955		-7.921		-6.130				24		-12.556		-10.843		-8.473

		26		-10.835		-7.720		-5.947				26		-12.700		-10.720		-8.330

		28		-10.567		-7.418		-5.682				28		-12.632		-10.428		-8.073

		30		-10.162		-7.008		-5.324				30		-12.371		-9.988		-7.710

								(dB)										(dB)












