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1 Introduction
In this contribution, we present link level simulation results for Phase-1 of NAICS performance evaluations for the reduced complexity ML receiver (R-ML). Following the agreements in the past two RAN4 meetings (RAN4 66bis and RAN4 67) and subsequent discussions over the reflector, the following strategy was adopted for NAICS performance evaluations and calibration. 

· Phase 1: Performance evaluations with a) fixed MCS/RI settings and b) fixed On/Off patterns that represent a simplified time slice of a partially loaded system.
· Goals: 
· Evaluate performance gains of advanced receivers under example scenarios of interest using typical interference levels obtained from system level simulations
· Achieve a first level of calibration/alignment across companies, agnostic to loading levels, partial loading models and outer loop link adaptation (OLLA) scheme etc.

· Phase 2: Performance evaluations with partial loading model at the link level using RAN1 recommended RU levels (40% and 60%) [3] with dynamic MCS/rank chosen by the eNB based on a closed loop operation.
· Goals: 
· Performance evaluations with partial loading and closed loop operation modeled at the link level and calibration of results across companies.
In this paper, we present link level performance results for the reduced complexity ML (R-ML) receiver, for Phase-1 outlined above. The core receiver architecture and interference parameters required by this receiver were discussed in the prior meetings [1][2]. Link level results are presented in this paper for R-ML receivers with genie-aided interference parameter detection.
2 Parameters for R-ML Receiver Evaluation in Phase 1
In accordance with the pre-meeting calibration discussions on the RAN4 WG reflector, several parameters and assumptions were agreed on for Phase-1 of simulation 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 genie aided 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
	 


2.1 Impact of On vs. Off Cells on NAICS Receivers

As clarified in item 2, namely interferer On/Off patterns, the terms On & Off refer to PDSCH transmissions only. Even when ‘Off’, the cell is assumed to be transmitting CRS. 

When an interfering cell is Off, and it is a colliding CRS cell, CRS interference is present and impacts the channel estimation of the target cell. In this case, performing CRS IC enhances the CRS channel estimation quality for serving and interfering cells, but fails to capture the PDSCH loading of the interferer. On the other hand, if the cell were a non-colliding CRS cell, then the PDSCH transmissions of the interferer impacts the CRS channel estimation of the serving cell and vice versa. In this case, the ‘Off’ interferer does not impact the channel estimation or the PDSCH decoding of the serving cell, whereas an ‘On’ interferer impacts both mutually. The impact of interferer’s On/Off state is a function of whether the cell is a colliding or a non-colliding CRS cell. Since CRS is always transmitted and owing to the above mentioned effects on the CRS & PDSCH performance, it is important to note that Off interferer be explicitly modelled with CRS transmissions alone.
3 Performance Results
The performance of R-ML receivers with genie-aided interferer parameter detection at the UE with RAN4 agreed geometry values and On/Off patterns is presented here.
In this configuration, both interferers are ON, implying that the interferers transmit CRS as well as PDSCH.

3.1 Results for On-On Interferer Pattern with EVA70:
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 with 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 with 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 with 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 with Genie-Aided R-ML

50th and 80th percentile I1/Noc: TM2 / TM3 / TM2:
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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, 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, 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, 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, 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 with 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 with 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 with 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 with 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, 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, 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, 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, Genie-Aided R-ML
3.3 Results for On-On Interferer Pattern with EPA5 Channel Model:
50th & 80th percentile I1/Noc: TM4 / TM4 / TM4
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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 with Genie-Aided R-ML
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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 with Genie-Aided R-ML
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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 with Genie-Aided R-ML
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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 with Genie-Aided R-ML

50th and 80th percentile I1/Noc: TM2 / TM3 / TM2:
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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, Genie-Aided R-ML
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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, Genie-Aided R-ML

[image: image27.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16

0

1

2

3

4

5

Serving C/N (dB)

Throughput [Mbps]

TM2/TM3/TM2, MCS5/25/25, EPA 5, On/On

 

 

MMSE-IRC, 80% I/Noc

MMSE-IRC, 50% I/Noc

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

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


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, Genie-Aided R-ML
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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, Genie-Aided R-ML

3.4 Results for On-Off Interferer Pattern with EPA5 Channel Model:
50th & 80th percentile I1/Noc: TM4 / TM4 / TM4
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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 with Genie-Aided R-ML
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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 with Genie-Aided R-ML
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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 with Genie-Aided R-ML
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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 with Genie-Aided R-ML

50th & 80th percentile I1/Noc: TM2 / TM3 / TM2
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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, Genie-Aided R-ML
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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, Genie-Aided R-ML
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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, Genie-Aided R-ML
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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, Genie-Aided R-ML

4 Conclusions
In this paper, link level simulation results were presented for Phase 1 of NAICS receiver evaluations for 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 as per the RAN4 WG e-mail discussions.
· Observations for TM4/TM4/TM4

· All presented results are with a genie-aided R-ML receiver which is assumed to know interferer parameters perfectly. This performance serves as an upper bound on any blind detection/network signalling techniques with the R-ML receiver.
· The R-ML receiver provides gains up to 10.5 dB with 80% I/Noc interferers and up to 5.5 dB for the 50% I/Noc levels. Relatively speaking, the largest gains are observed for low interferer MCS and high interferer levels.

· There are no scenarios where the R-ML receiver underperforms the MMSE-IRC receiver.
· Gains are more pronounced for the EVA 70 channel model compared to EPA5.
· Observations for TM2/TM3/TM2

· R-ML receiver gains over the baseline Rel-11 MMSE-IRC receiver are signficantly large for the rank2 interferer case as well, in the range of  1-2 dB for 50% I/Noc levels and 2-4.5 dB for 80% I/Noc levels.
· Presented link level results suggest that the R-ML receiver provides large gains across various scenarios and is a promising candidate as a NAICS receiver.
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