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1Introduction
In RAN#59, an LTE Release 12 study item on Network-Assisted Interference Cancellation and Suppression was approved [1]. One of the objectives of this SI is to identify advanced receiver structures that can be used for co-channel interference mitigation with or without network signalling assistance using link and system simulations. In this contribution we provide initial system-level simulation results for several NAICS receivers.
2 Evaluation of NAICS receivers
Overview of evaluations

During link-level evaluations in RAN4 it has been identified that the performance of the of NAICS receivers depends on the several system-level parameters such as interference profile, modulation, coding scheme, rank, transmission mode etc. [2]. In addition different receiver types require various degrees of knowledge of interferer parameters, where some of them have to be signaled from network. Therefore for the assessment of the NAICS receivers it was concluded by RAN4 that both link-level and system-level simulations are required.
Various candidate receiver types (linear and non linear), where identified by RAN4 for the link-level evaluations. In addition based on phase-1 simulation results some of the receivers were identified as the most promising in terms of the expected performance gains and feasibility for the practical implementation. More specifically recent RAN4 results show that nonlinear receivers such as ML/R-ML, SLIC, and CWIC can provide the performance benefits over the baseline LMMSE-IRC in some cases [2].
Since the interfering parameters required for ML/R-ML and SL-IC are similar, in this contribution we provide system-level evaluation results for ML/R-ML, L-CWIC and E-LMMSE-IRC receivers under the assumption of known interferer parameters and without consideration of backhaul link constraints. For ML/R-ML and L-CWIC receiver structure two types of interference cancellation and suppression approaches were investigated considering NAICS only for intra-cell interference (type 1), i.e. only between spatial layers of rank-2 transmission and NAICS for both intra-cell and inter-cell interference (type 2). Since the number of processed interfering layers are limited due to implementation constraints, for the type 2 NAICS receiver the priority are given for cancellation and suppression of intra-cell interference. For both receiver types (type 1 and type 2) the residual inter-cell interference (which is not part of NAICS processing) is also suppressed using pre-whitening of the received signal using interference covariance matrix. The reason to consider two types of NAICS receivers in the evaluations is different specification impact, which is in case of type 1 receiver is not required, while for type 2 NAICS receiver may be needed.
In the evaluations of L-CWIC receiver a perfect PDSCH allocation alignment is assumed. It is achieved by using scheduling method with multiple DCIs per subframe (currently not part of the specification), which splits user allocation within a subframe into multiple smaller allocations (potentially with the same HARQ process number) with independent coding.
The CSI feedback for all considered NAICS receiver structures is based on the CSI of LMMSE-IRC receiver. In such case the higher MCS due to better interference suppression capabilities of NAICS receivers are obtained from outer-loop link adaptation at the eNB.

System-level simulation of the NAICS receivers
In the previous system-level simulations in RAN1 the baseband signal modeling is typically abstracted by link-to-system level mapping schemes. Such schemes rely on the availability of the output SINR from the MIMO receiver for the calculation of the Mutual Information and average BLER. However, such methodologies might be not appropriate, since for non-linear MIMO algorithms (such as ML/R-ML or SLIC) the calculation of the post-processing SINR per each spatial layer is complicated.
There are a few papers devoted to the development of a link-to-system level mapping model for ML/R-ML receivers [3, 4]. However, there is a lack of validation results for the proposed physical layer abstraction schemes in various multi-cell interference scenarios. For example some inaccuracies of the existing models were observed in the ill-conditioned channels [5] that can occur in the system-level simulations due to LOS propagation conditions [6]. A similar approximation issues can also happen when advanced ML/R-ML receiver would try to process the larger number of spatial streams than the receive antennas (e.g. 3 spatial streams and 2 Rx antennas). In such scenario the BLER performance of the receiver (in addition to the instantaneous channels) would also depends on the relative orientation of received constellations for the serving and interfering signals. In our understanding none of the existing methodologies may be able to take that into account. Therefore, in NAICS evaluations an explicit modeling of the physical layer baseband signal transmission is adopted for the system-level evaluations, i.e., the different UE receivers are explicitly implemented for each eNB-UE link in the system-level simulator.

For the system-level performance analysis an FDD LTE-A system with 10 MHz channel bandwidth is considered. The cell layout in the evaluations comprises 19 hexagonal sites with 3 macro cells per site with wrap-around. The large and small scale fading are modeled in accordance to ITU UMa channel models as described in [5] with consideration of LOS and NLOS components of the channels. 80% of the modeled UEs were placed indoor and 20% of the modeled UEs were placed outdoor with a penetration loss. Collided CRS configuration (i.e. CRS with the same frequency shift) and TM9 was used for the evaluations. The user throughput was selected as a main performance metric for current analysis. The rest of the main simulation parameters and assumptions are summarized in Table 2 of the Appendix.
Summary of the NAICS evaluation results

In accordance to the simulation assumptions the performance of NAICS receivers should be evaluated for the traffic loads corresponding to 40% and 60% resource utilization of the baseline system with MMSE-IRC receiver. The dependence of the resource utilization from the average traffic load of the cell is shown in Table 2. It can be seen that the 40% and 60% resource utilization corresponds to the offered traffic loads of 6.3 and 8.4 Mbps respectively.
Table 1. Offered load vs. RE utilization for the baseline MMSE-IRC receiver
	Packet arrival rate, sec-1
	Offered load per macro cell, Mbps
	MMSE-IRC Resource Utilization, %

	1
	4.2
	23

	1.25
	5.2
	32.3

	1.5
	6.3
	42.9

	1.75
	7.3
	56.9

	2
	8.4
	62.9


Figure 1 shows the cell-edge throughput performance gains of ML/R-ML, L-CWIC and E-LMMSE-IRC receivers in NAICS scenario 1 for the considered range of traffic loads of the baseline system with MMSE-IRC receiver. It can be seen that intra-cell interference suppression using type 1 L‑CWIC or ML/R-ML IC receivers provides approximately 10% cell-edge performance improvement. The performance gains however are reducing to 5% at higher traffic loads of the cells, due to smaller probability of selecting rank-2 SU-MIMO transmission on the serving cell. More significant gains for the cell-edge throughput can be observed for type 2 L-CWIC or ML/R‑ML IC receivers with intra-cell and inter-cell interference suppression. More specifically the performance gains of approximately 25%-35% over the baseline MMSE-IRC can be observed at high traffic loads of the cells. The higher performance gains in such traffic loading scenarios can be explained by higher probability of selecting lower MCSs on serving and interfering cells, where the benefits of NAICS receivers are more pronounced.
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Figure 1. Cell-edge throughput performance improvements for NAICS receivers in Scenario 1

Figure 2 shows the average user throughput gains of ML/R-ML, L-CWIC and E-LMMSE-IRC receivers in NAICS scenario 1 for different levels of traffic loading. A similar performance trends as for the cell-edge user throughput can be observed. However the performance gap between type 1 and type 2 receivers and between CWIC and ML/R-ML of the same type is reduced.
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Figure 2. Average throughput performance improvements for NAICS receivers in Scenario 1

Overall based on the simulation results the considered NAICS receivers can be ordered as L-CWIC, ML/R-ML and E-LMMSE-IRC in terms of performance efficiency starting from the most efficient receiver. 

The observations above can be summarized as follows: 
Observations:
· The intra-cell interference mitigation in SU-MIMO using NAICS receivers provides significant gains for the cell-edge and average user throughput.

· The additional cell-edge and average user throughput improvement can be achieved by using NAICS receivers inter-cell interference mitigation.
· All considered NAICS receivers in terms of the performance efficiency can be ordered as L-CWIC, ML/R-ML, E-LMMSE-IRC, LMMSE-IRC starting from the most efficient receiver.
3 Summary

 In this contribution we have provided system-level simulation results for L-CWIC, ML/R-ML, E-LMMSE-IRC, MMSE-IRC receivers. It was noted that the existing system-level methodologies may not be accurate for the evaluations of the considered receiver. Therefore, in this contribution an explicit modeling of the physical layer baseband signal transmission is adopted for the system-level evaluations. Based on the simulation results the following observations have been made:
· The intra-cell interference mitigation in SU-MIMO using NAICS receivers provides significant gains for the cell-edge and average user throughput.

· The additional cell-edge and average user throughput improvement can be achieved by using NAICS receivers for inter-cell interference mitigation.
· All considered NAICS receivers in terms of the performance efficiency can be ordered as L-CWIC, ML/R-ML, E-LMMSE-IRC, LMMSE-IRC starting from the most efficient receiver.
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Appendix

Simulation assumptions

Table 2. System-level simulation parameters
	Parameter
	Assumption

	Scenarios
	NAICS 1, NAICS 2a/2b

	Cell layout
	19 macro sites, 3 macro cells per site, 4 pico cell per macro cell

	Inter-site distance
	500m

	Propagation model
	ITU UMa/UMa channel models

	UE speed
	3 kmph

	Antenna pattern
	Macro 3D tilt = 12°

	Downlink transmit power
	Macro 41 dBm, Pico 30dBm

	BS antenna configuration
	2 TX cross-polarized

	UE antenna configuration
	2 RX cross-polarized

	Carrier frequency
	2.4 GHz

	Scheduler
	Proportional fair in freq./time

	MIMO mode
	TM9 SU-MIMO, rank 1-2

	CRS planning
	Collidided CRS

	Outer loop link adaptation
	Target BLER = 10%

	CQI feedabck delay
	10 msec

	CQI / PMI in frequency 
	5 PRBs

	CQI / PMI in time
	1 subframe

	Overhead
	2 CRS, 2 DM-RS, CFI = 3

	Traffic model
	FTP traffic model 1, S = 0.5Mbytes


System-level simulation results
Table 3. Performance of MMSE-IRC receiver
	Packet arrival rate, sec-1
	5%, Mbps
	50%, Mbps
	95%, Mbps
	Average, Mbps
	RU, %

	1
	0.471
	1.833
	4.387
	2.042
	23

	1.25
	0.37
	1.529
	4.204
	1.801
	32.3

	1.5
	0.265
	1.302
	3.56
	1.535
	42.9

	1.75
	0.184
	0.936
	3.029
	1.192
	56.9

	2
	0.147
	0.789
	2.911
	1.075
	62.9


Table 4. Performance of E-LMMSE-IRC receiver
	Packet arrival rate, sec-1
	5%, Mbps
	50%, Mbps
	95%, Mbps
	Average, Mbps
	RU, %

	1
	0.476
	1.847
	4.482
	2.055
	22.9

	1.25
	0.38
	1.535
	4.162
	1.814
	32

	1.5
	0.281
	1.3
	3.614
	1.553
	42.5

	1.75
	0.192
	0.962
	3.059
	1.212
	56.2

	2
	0.152
	0.796
	2.87
	1.083
	62.2


Table 5. Performance of ML/R-ML IC type 1 receiver
	Packet arrival rate, sec-1
	5%, Mbps
	50%, Mbps
	95%, Mbps
	Average, Mbps
	RU, %

	1
	0.514
	2.021
	5.19
	2.277
	21.6

	1.25
	0.414
	1.736
	4.986
	2.048
	30.1

	1.5
	0.313
	1.515
	4.525
	1.814
	39.5

	1.75
	0.232
	1.165
	3.779
	1.472
	52

	2
	0.183
	0.997
	3.474
	1.317
	58.3


Table 6. Performance of ML/R-ML IC type 2 receiver
	Packet arrival rate, sec-1
	5%, Mbps
	50%, Mbps
	95%, Mbps
	Average, Mbps
	RU, %

	1
	0.514
	2.021
	5.19
	2.277
	21.6

	1.25
	0.414
	1.736
	4.986
	2.048
	30.1

	1.5
	0.325
	1.545
	4.589
	1.856
	38.4

	1.75
	0.232
	1.165
	3.779
	1.472
	52

	2
	0.183
	0.997
	3.474
	1.317
	58.3


Table 7. Performance of L-CWIC IC type 1 receiver
	Packet arrival rate, sec-1
	5%, Mbps
	50%, Mbps
	95%, Mbps
	Average, Mbps
	RU, %

	1
	0.503
	1.972
	5.068
	2.257
	21.7

	1.25
	0.411
	1.672
	4.898
	2.004
	30.3

	1.5
	0.301
	1.417
	4.226
	1.725
	40.6

	1.75
	0.211
	1.029
	3.44
	1.338
	54.4

	2
	0.16
	0.858
	3.252
	1.191
	61


Table 8. Performance of L-CWIC IC type 2 receiver
	Packet arrival rate, sec-1
	5%, Mbps
	50%, Mbps
	95%, Mbps
	Average, Mbps
	RU, %

	1
	0.541
	2.056
	5.182
	2.308
	21

	1.25
	0.443
	1.75
	4.913
	2.067
	29.3

	1.5
	0.333
	1.529
	4.37
	1.818
	38.2

	1.75
	0.245
	1.172
	3.639
	1.464
	50.6

	2
	0.198
	1.028
	3.509
	1.342
	56.3
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