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1 Introduction
In this contribution, we present NAICS Phase-1 performance evaluations for the reduced complexity ML receiver (R-ML) with fully blind interferer parameter estimation, and compare the results to the genie-aided R-ML results presented earlier in [4]. The core receiver architecture and interference parameters required by this receiver were discussed in the prior meetings [5].
2 Parameters for R-ML Receiver Evaluation in Phase 1
In accordance with the prior RAN4 agreements, the following parameters and assumptions are used for these Phase-1 evaluations:

1. Geometry: In this paper, we consider the following two geometry settings for NAICS scenario 1 to begin with:

· SINR Range: [-3.74 dB , 1.08 dB]  (5th – 25th percentile of geometry)
· 50th percentile of I/Noc is = 7.68 dB, Conditional median I2/Noc = 2.16 dB. 

· Es/Noc sweep range for this configuration is 5.56 to 10.38 dB. [Calculated from SINR range] 
· 80th percentile of I/Noc is = 13.83 dB, Conditional median I2/Noc = 3.31 dB. 

· Es/Noc sweep range for this configuration is 10.62 to 15.44 dB. [Calculated from SINR range]

2. Interferer On/Off Patterns: As outlined in the introduction, fixed On/Off patterns were identified as representative time slices of a partially loaded system for performance evaluations and calibration. We consider the following fixed ON/OFF patterns for the two explicitly modeled interferers:

· On/On
· On/Off
· Off/Off
Note: 

· When On, the interferer is assumed to be fully loaded
· When Off, the interferer is assumed to transmit CRS.
3. Simulation Cases: The following simulation cases are presented in this paper:
· i) Case 1: 

Serving cell: TM4 Rank 1
Interferer1: TM4 Rank1 
Interferer 2: TM4 Rank1
· MCS configuration1: {MCS5, MCS5, MCS5} for the three cells

· MCS configuration2: {MCS5, MCS25, MCS25} 

· MCS configuration3: {MCS14, MCS5, MCS5}

· MCS configuration4: {MCS14, MCS25, MCS25} 

· ii) Case 2: 

Serving cell: TM2

Interferer1: TM3 Rank2

Interferer 2: TM2
· MCS configuration1: {MCS5, MCS5, MCS5} for the three cells

· MCS configuration2: {MCS5, MCS25, MCS25} 

· MCS configuration3: {MCS14, MCS5, MCS5}

· MCS configuration4: {MCS14, MCS25, MCS25} 

4. Receivers: Results are presented in this paper for R-ML receiver with fully blind interferer parameter detection. Also, presented is the performance of the baseline Rel-11 MMSE-IRC receiver. 
5. Channels: Two sets of simulation results are presented. One with all cells using EPA5 channel model and the other with all cells using an EVA70 channel model.
6. Loading Level: A loading level of 40% is used for the simulation results presented here.
The following table summarizes the parameters that were used for the ensuing simulation results:
	Parameter
	Unit
	Serving
	I1
	I2

	Downlink power allocation
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	dB
	-3
	-3
	-3
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	dB
	-3 (Note 1)
	-3
	-3
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at antenna port
	dBm/15kHz
	[-98]
	N/A
	N/A
	

	E/Noc
	dB
	5.56 to 10.38 dB

10.62 to 15.44 dB
	7.68 dB

13.83 dB
	2.16 dB

3.31 dB
	

	BWChannel
	MHz
	10
	10
	10
	

	Cell Id
	
	0
	6
(Colliding)
	1 
(Non-Colliding)
	

	Number of control OFDM symbols
	
	2
	2
	2
	

	PDSCH TM
	
	TM4 rank 1

TM2 rank 1
	TM4 rank 1

TM3 rank 2
	TM4 rank 1

TM2 rank 1
	

	MCS
	
	MCS5 (QPSK, Rate 1/3) / MCS14 (16QAM,  Rate ½)
	MCS5 (QPSK, Rate 1/3) / MCS25 (64QAM,  Rate ¾)
	MCS5 (QPSK, Rate 1/3) / MCS25 (64QAM,  Rate ¾)
	

	Channel model


	
	EPA5
EVA70
	EPA5
EVA70
	EPA5
EVA70
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Note 2:      Short list of combinations of serving and interferer MCS are listed below

Note 3:      Both layers of rank2 transmissions use the same MCS

Note 4:      Fixed wideband PMI for serving cell. Varies randomly from subframe to subframe for interfering cells
	 


3 Performance Results
The performance of R-ML receivers with blind parameter detection at the UE with RAN4 agreed geometry values and On/Off patterns is presented here. 

3.1 Results for On-On Interferer Pattern with EVA70:
In this configuration, both interferers are ON, implying that the interferers transmit CRS as well as PDSCH.
50th & 80th percentile I1/Noc: TM4 / TM4 / TM4
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Figure 1(a).i: TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 5 Blind & Genie-aided R-ML
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Figure 1(a).ii: TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 14 Blind & Genie-aided R-ML
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Figure 1(b).i: TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 5 Blind & Genie-aided R-ML
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Figure 1(b).ii: TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 14 Blind & Genie-aided R-ML
50th and 80th percentile I1/Noc: TM2 / TM3 / TM2:
[image: image9.emf]-10 -5 0 5 10 15 20 25

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

TM2/TM3/TM2, MCS5/5/5, EVA70, On/On

Serving C/N (dB)

Throughput (Mbps)

 

 

MMSE-IRC, 80% I1/Noc

Genie-Aided R-ML, 80% I1/Noc

Blind R-ML, 80% I1/Noc

MMSE-IRC, 50% I1/Noc

Genie-Aided R-ML, 50% I1/Noc

Blind R-ML, 50% I1/Noc


Figure 1(c).i: TM2 Serving MCS 5, TM3-Rank2 Interferer (MCS5) + TM2 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
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Figure 1(c).ii: TM2 Serving MCS 14, TM3-Rank2 Interferer (MCS5) + TM2 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
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Figure 1(d).i: TM2 Serving MCS 5, TM3-Rank2 Interferer (MCS25) + TM2 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
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Figure 1(d).ii: TM2 Serving MCS 14, TM3-Rank2 Interferer (MCS25) + TM2 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
3.2 Results for On-Off Interferer Pattern with EVA70:
50th & 80th percentile I1/Noc: TM4 / TM4 / TM4
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Figure 2(a).i: TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 5 Blind & Genie-aided R-ML
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Figure 2(a).ii: TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 14 Blind & Genie-aided R-ML
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Figure 2(b).i: TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 5 Blind & Genie-aided R-ML
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Figure 2(b).ii: TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 14 Blind & Genie-aided R-ML
50th & 80th percentile I1/Noc: TM2 / TM3 / TM2
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Figure 2(c).i: TM2 Serving MCS 5, TM3-Rank2 Interferer (MCS5) + TM2 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
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Figure 2(c).ii: TM2 Serving MCS 14, TM3-Rank2 Interferer (MCS5) + TM2 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
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Figure 2(d).i: TM2 Serving MCS 5, TM3-Rank2 Interferer (MCS25) + TM2 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
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Figure 2(d).ii: TM2 Serving MCS 14, TM3-Rank2 Interferer (MCS25) + TM2 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
3.3 Results for On-On Interferer Pattern with EPA5 Channel Model:
50th & 80th percentile I1/Noc: TM4 / TM4 / TM4

Simulation Results TBA
Figure 3(a).i: TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 5 Blind & Genie-aided R-ML
Simulation Results TBA
Figure 3(a).ii: TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 14 Blind & Genie-aided R-ML
Simulation Results TBA
Figure 3(b).i: TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 5 Blind & Genie-aided R-ML
Simulation Results TBA
Figure 3(b).ii: TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 14 Blind & Genie-aided R-ML
50th and 80th percentile I1/Noc: TM2 / TM3 / TM2:
Simulation Results TBA
Figure 3(c).i: TM2 Serving MCS 5, TM3-Rank2 Interferer (MCS5) + TM2 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
Simulation Results TBA
Figure 3(c).ii: TM2 Serving MCS 14, TM3-Rank2 Interferer (MCS5) + TM2 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
Simulation Results TBA
Figure 3(d).i: TM2 Serving MCS 5, TM3-Rank2 Interferer (MCS25) + TM2 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
Simulation Results TBA
Figure 3(d).ii: TM2 Serving MCS 14, TM3-Rank2 Interferer (MCS25) + TM2 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
3.4 Results for On-Off Interferer Pattern with EPA5 Channel Model:
50th & 80th percentile I1/Noc: TM4 / TM4 / TM4
Simulation Results TBA
Figure 4(a).i: TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 5 Blind & Genie-aided R-ML
Simulation Results TBA
Figure 4(a).ii: TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 14 Blind & Genie-aided R-ML
Simulation Results TBA
Figure 4(b).i: TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 5 Blind & Genie-aided R-ML
Simulation Results TBA
Figure 4(b).ii: TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, TM4-Rank1 Serving MCS 14 Blind & Genie-aided R-ML
50th & 80th percentile I1/Noc: TM2 / TM3 / TM2

Simulation Results TBA
Figure 4(c).i: TM2 Serving MCS 5, TM3-Rank2 Interferer (MCS5) + TM2 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
Simulation Results TBA
Figure 4(c).ii: TM2 Serving MCS 14, TM3-Rank2 Interferer (MCS5) + TM2 Interferer (MCS5) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
Simulation Results TBA
Figure 4(d).i: TM2 Serving MCS 5, TM3-Rank2 Interferer (MCS25) + TM2 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
Simulation Results TBA
Figure 4(d).ii: TM2 Serving MCS 14, TM3-Rank2 Interferer (MCS25) + TM2 Interferer (MCS25) with 50% (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB) and 80% (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB) I/Noc, Blind & Genie-aided R-ML
4 Conclusions
In this paper, link level simulation results were presented for Phase 1 of NAICS receiver evaluations for fully blind R-ML receivers at low SINR (5th to 25th percentile) UEs using geometry and interference values for combinations of  fixed transmissions modes, MCS and On/Off patterns.
· Observations for TM4/TM4/TM4

· Results with the Blind R-ML receiver detect all the interferer parameters as needed. These results serve as the baseline for R-ML receiver performance with additional signalling / network coordination etc.
· The blind R-ML receiver provides gains of up to 10-10.5 dB with 80% I/Noc interferers and up to 5-5.5 dB for the 50% I/Noc levels. In most of the cases considered, the fully Blind R-ML receiver performs nearly as well as the genie-aided version with losses limited to 0.5 dB or less across all scenarios.
· Relatively speaking, the largest performance gains of the advanced receiver over the MMSE-IRC receiver are observed for low interferer MCS and high interferer levels. These scenarios also demonstrate nearly lossless blind detection performance compared to the genie-aided case.
· Observations for TM2/TM3/TM2

· R-ML receiver gains over the baseline Rel-11 MMSE-IRC receiver are observed for the rank2 interferer case as well. Gains are smaller in the range of 0-2 dB for this rank2 interferer case. Moreover, the blind detection is also more challenging with higher rank/modulation order as would be expected. Still, a subset of the scenarios shows gains with the Blind R-ML receiver.
· The above results demonstrate that full blind detection of interferer parameters at the UE is a viable option for R-ML receivers. Given the effectiveness of the blind receiver, the additional signalling overhead / network coordination may yield marginal gains at best and is likely to reduce overall system performance at worst. 
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