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1. Introduction

Based on prior RAN4 WG agreements the NAICS receiver complexity is limited in terms of the number of handled interference cells and total number of receive spatial layers:

… the scope of Rel-12 NAICS is to limit total layers (serving + interfering) up to 3 and one PDSCH.

At the same time, the RAN4 WG has not reached final agreements on the definition of the strongest interferer and on the method how should UE determine the interferer to be cancelled [1]. In the last RAN4 meeting we provided our views on the dominant interferer selection assumption along with initial simulation results [2]. However, no agreements were reached on this topic. In this contribution, we share our views on the receiver assumptions for the dominant interferer selection and provide further simulation results.

2. Discussion
The are two general aspects in application to the dominant interferer selection mechanisms which need be discussed [3]:

· Dominant interferer selection granularity;
· Dominant interferer selection method.
2.1 Dominant interferer selection granularity
In general, the interference might be frequency selective. Depending on the interference cell transmission pattern, in some PRBs one interferer might be the dominant, while in other PRBs another interferer might become dominant. Current RAN4 studies do not consider such scenario, however it may arise in case the randomized interference model is introduce. So far, the UE behavior in such scenarios was not defined. In case UE needs to decide on the dominant interferer for each PRB pair (or several PRBs) the receiver blind detector and demodulation complexity would increase which is undesirable. In our view, the RAN4 test cases and requirements should be defined in a way that UE is required to handle a single interferer which can be selected based on the wideband metrics. In case UE implementation allows finer selection granularity the UE would overpass those minimum requirements.

Proposal #1: Wideband dominant interferer selection granularity can be assumed for NAICS receivers for the purpose of the definition of the minimum performance requirements.
2.2 Dominant interferer selection method
As discussed in [2], two general approaches can be considered for the selection of the dominant interferer for NAICS receivers:

· Option 1: CRS receive power based approach. The UE can choose the dominant interferer in a semi-static way based on the CRS RSRP measurements. In this case the UE needs to perform blind interference presence and parameters detection for the particular single interferer, hence simplifying the respective algorithms implementation and increasing the detection reliability. Using this approach might differently affect the NAICS performance in different scenarios. When the first dominant interferer is active and the second one is inactive (i.e. ON/OFF scenario) the performance will be optimal and UE will handle dominant interferer. Furthermore, the actual difference in the INR between the two dominant interferers is rather large for the majority of scenarios investigated in the SI stage [4]. Thus, it is very unlikely that the beamforming used in the interference cells can compensate such difference and the 2nd dominant interferer in terms of CRS receive power would become the first dominant in terms of the PDSCH receive power. So, no impact on the NAICS performance in the ON/ON scenario is expected as well. For the OFF/ON scenario the performance impacts are non-trivial and detailed analysis is provided in Section 3. 
· Option 2: PDSCH receive power based approach. In this case UE dynamically selects the dominant interferer based on the instantaneous PDSCH receive power. Comparing to the first approach, the UE would need to apply blind interference parameters detection for 2 (or more) interference cells in a way to determine the dominant one. The impact on the DMRS-based detection complexity might be considered as moderate, while for the CRS-based transmission modes, joint interference parameters detection should be applied. In this case the detection complexity will increase a lot and the reliability may degrade substantially. The prior analysis of the blind detection was done in the assumptions of using CRS receive power based selection and the conclusions on the detection reliability may need to be revised if the PDSCH power based approach is considered (especially for the CRS-based PDSCH transmission modes)

Observations:

· In case of using CRS receive power based dominant interferer selection the blind detector complexity is kept at low level.

· In case of using PDSCH receive power based dominant interferer selection the blind detector complexity might increase and the parameters detection reliability would degrade, especially for the case of the CRS-based PDSCH TMs blind interference parameters detection.

To decide on the applicability of the particular approach, the performance analysis is required to understand the pros/cons of the respective methods. The detailed simulation results are provided in Section 3. Based on the presented results of the analysis it can be seen that for the ON/ON and ON/OFF interference pattern scenarios the performance of the CRS RSPR and PDSCH receive power based approaches for the dominant interfere selection is almost identical. For the OFF/ON interference pattern, the usage of the PDSCH power approach might provide certain benefits for the DMRS-based TMs scenarios, while CRS-based approach can be a good candidate for the CRS-based TMs scenarios that might outperform the PDSCH receive power approach.

In our view, the RAN4 studies should focus on the ON/OFF and ON/ON interference pattern scenarios. In this case, the requirements can be defined in a way that any of CRS or PDSCH receive power dominant interferer selection mechanisms would not be precluded and can be implementation specific. In this case the exact requirements can be defined under assumption that UE applies handling of the first interferer in terms of the large scale INR level assuming there is substantial difference in the INR1 and INR2 levels (i.e. medium or high INR conditions). The OFF/ON scenario in our view has lower priority and can be left out of NAICS performance requirements scope due to reduced NAICS efficiency. Meantime, the randomized interference model is planned to be introduced for the NAICS demodulation requirements and depending on the settings the OFF/ON interference conditions might happen. Therefore, we prefer to explicitly clarify the receiver assumptions for the definition of the minimum performance requirements and assume CRS RSRP based approach.
Proposal #2: The minimum NAICS demodulation requirements are defined under assumption that UE applies handling of the first interferer selected in accordance to the maximum CRS RSRP criteria.

3. Performance analysis

In this section the results of the link-level analysis of the NAICS receiver performance assuming using CRS and PDSCH receive power based dominant interferer selection methods are provided. The detailed simulation results and assumptions are provided in the Annex A.
3.1 TM9/TM9 scenario

The simulation results summary of the dominant interferer selection methods impact on NAICS performance for the DMRS-based PDSCH transmission modes (TM9/TM9 scenario) is provided in Figure 1. In Figures 2-7 we illustrate the selected simulation results.
	[image: image1.png]5,00
4,50
4,00
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

N
N

MCS#5 MCS#5 MCS#5 MCS#5 MCS#5 MCS#5 MCS#5 MCS#5 MCS#5 MCS#5 MCS#HS MCS#HS

S

G

N

§
N

SNR gain vs. LMMSE-IRC, [dB]

m Blind R-ML, CRS RSRP
based selection

Blind R-ML, PDSCH
receive power based
selection

Interference MCS

MCS#5 MCS#14 MCS#5 MCS#14 MCS#5 MCS#14 MCS#5 MCS#14 MCS#5 MCS#14 MCS#5 MCS#14  Serving MCS

Medium INR
OFF/ON

High INR

Medium INR
ON/OFF

High INR

Medium INR

ON/ON

High INR

Interference power profile

Interference pattern





	Figure 1. Blind R-ML SNR gain vs. LMMSE-IRC in the TM9/TM9 scenario
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	Figure 2. PDSCH throughput 
(TM9/TM9, OFF/ON pattern, High INR, 
Serving cell MCS {5}, Interference cell MCS {5})
	Figure 3. PDSCH throughput 
(TM9/TM9, OFF/ON pattern, High INR, 
Serving cell MCS {14}, Interference cell MCS {5})
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	Figure 4. PDSCH throughput 
(TM9/TM9, ON/OFF pattern, High INR, 
Serving cell MCS {5}, Interference cell MCS {5})
	Figure 5. PDSCH throughput 
(TM9/TM9, ON/OFF pattern, High INR, 
Serving cell MCS {14}, Interference cell MCS {5})
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	Figure 6. PDSCH throughput 
(TM9/TM9, ON/ON pattern, High INR, 
Serving cell MCS {5}, Interference cell MCS {5})
	Figure 7. PDSCH throughput 
(TM9/TM9, ON/ON pattern, High INR, 
Serving cell MCS {14}, Interference cell MCS {5})


The simulation results show that in case of the ON/OFF interference pattern both approaches allow achieving similar NAICS receiver performance. In case of the ON/ON interference pattern almost equivalent performance is achieved as well due to rather big difference in the INR1 and INR2 levels. At the same time, for the case of the OFF/ON interference pattern in TM9/TM9 scenario due to relatively small INR2 level using PDSCH receive power criteria allows achieving rather small performance improvement (0.2 to 1.4 dB) over the case of using CRS power based selection approach (which is equivalent to the baseline LMMSE-IRC receiver in this scenario).
Observation:

· Almost same NAICS performance gains are achieved in the TM9/TM9 scenario with ON/ON and ON/OFF interference patterns in case of using CRS RSRP and PDSCH receive power criteria for the dominant interferer selection 

· Using PDSCH receive power criteria for the dominant interferer selection can provide small performance improvement over CRS-based approach for the OFF/ON interference pattern.
3.2 TM4/TM4 scenario

The simulation results summary of the dominant interferer selection methods impact on NAICS performance for the CRS-based PDSCH transmission modes (TM4/TM4 scenario) is provided in Figure 8. In Figures 9-14 we illustrate the selected simulation results.
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	Figure 8. Blind R-ML SNR gain vs. LMMSE-IRC in TM4/TM4 scenario
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	Figure 9. PDSCH throughput 
(TM4/TM4, OFF/ON pattern, High INR, 
Serving cell MCS {5}, Interference cell MCS {5})
	Figure 10. PDSCH throughput 
(TM4/TM4, OFF/ON pattern, High INR, 
Serving cell MCS {14}, Interference cell MCS {5})
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	Figure 11. PDSCH throughput 
(TM4/TM4, ON/OFF pattern, High INR, 
Serving cell MCS {5}, Interference cell MCS {5})
	Figure 12. PDSCH throughput 
(TM4/TM4, ON/OFF pattern, High INR, 
Serving cell MCS {14}, Interference cell MCS {5})
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	Figure 13. PDSCH throughput 
(TM4/TM4, ON/ON pattern, High INR, 
Serving cell MCS {5}, Interference cell MCS {5})
	Figure 14. PDSCH throughput 
(TM4/TM4, ON/ON pattern, High INR, 
Serving cell MCS {14}, Interference cell MCS {5})


The simulation results show that in case of the ON/OFF interference pattern both approaches allow achieving similar NAICS receiver performance. In case of the ON/ON interference pattern almost equivalent performance is achieved as well due to rather big difference in the INR1 and INR2 levels. For the case of the OFF/ON interference pattern due to poor channel estimate and unreliable PDSCH parameters detection of the second interferer PDSCH receive power criteria does not allow achieving the gain compare with L-MMSE-IRC (loss 1-3.5 dB). Meanwhile, the CRS receive power based approach allows achieving noticeable performance gains. 
Observation:

· For the ON/ON and ON/OFF interference patterns, almost same NAICS performance gains are achieved in case of using CRS RSRP and PDSCH receive power criteria for the dominant interferer selection.
· Using CRS receive power criteria for the dominant interferer selection can provide significant performance improvements vs the LMMSE-IRC and PDSCH receive for the OFF/ON interference pattern.
4. Conclusions

In this contribution, we have shared our views on the dominant interferer selection assumptions for NAICS receivers. In summary, we make the following proposals:
Proposal #1: Wideband dominant interferer selection granularity can be assumed for NAICS receivers.

Proposal #2: The minimum NAICS demodulation requirements are defined under assumption that UE applies handling of the first interferer selected in accordance to the maximum CRS RSRP criteria.
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Annex A. Simulation assumptions
Table 1. Simulation assumptions.

	Parameter
	Value

	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

	Antenna configuration
	2x2, low correlation

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Interference scenario
	Interference profile - NAICS scenario #1, 40% RU, low SINR Case

Medium INR: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB
High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

	Useful signal transmission parameters
	1) TM9, RI = 1
2) TM4, RI = 1

12 PRB resource allocation

MCS 5: QPSK, Rate 1/3
MCS 14: QAM16, Rate ½

	Interference signal transmission parameters
	1) TM9, RI = 1
2) TM4, RI = 1

MCS 5: QPSK, Rate 1/3
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