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1 Introduction
In [1], Phase-1 of link level performance evaluations was presented for fully blind and genie-aided symbol level IC (SLIC) receivers respectively. It was observed that the fully blind UE is able to achieve almost all of the gains promised by the genie-aided upper bound, thus confirming the viability of blind NAICS receiver performance. In this contribution, we present link level simulation results for Phase-2 of NAICS performance evaluations for the blind SLIC receiver. To recall, the objectives of Phase-1 and Phase-2 are as follows:
· 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 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 SLIC receiver for Phase-2 highlighted above. The core receiver architecture and interference parameters required by this receiver were discussed in the prior meetings.
2 Parameters for Phase 2 Evaluations
As per the WF [3] on Phase-2 modelling in the RAN4 68 meeting, several parameters and assumptions were agreed on for Phase-2 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. Simulation Cases: The following simulation cases are presented in this paper:
· i) Case 1: 

Serving cell: TM4 with rank switching
Interferer1: TM4 
Interferer 2: TM4
· ii) Case 2: 

Serving cell: TM2

Interferer1: TM3

Interferer 2: TM2

For both cases above, the following parameters apply:

· MCS/Rank of each interferer is fixed within a burst and changes from burst to burst with a certain probability distribution as listed below.

· Arrival Rate:

· Interferer packet arrival is a Poisson process with a mean IAT of λ = 700 ms 
· 
· Rank:

· RI=1/2 is randomly chosen according to 50/50 probability for each interferer packet
· MCS (for each interferer packet): 
· When RI=2: MCS 5 (30% prob), MCS 14 (40%), MCS 19 (30%)

· When RI=1: MCS 8 (30% prob), MCS 16 (40%), MCS 22 (30%)

3. Receivers: Results are presented in this paper for the SLIC receiver with blind interferer parameter detection. Also, presented is the performance of the baseline Rel-11 MMSE-IRC receiver. 
4. Channels: Simulation results are presented with all cells using EVA70 channel model.
5. Loading Level: A loading level of 40% is used for the simulation results presented here.
6. File Size: Interferer file size is assumed to be 0.5 MB. For simplicity of evaluations, the serving is always assumed to be ON – therefore the interpretation of the throughput results is that of the perceived UE throughput.
7. Outer Loop Parameters: Outer loop is enabled for the serving cell with the following parameters
· Target BLER: 10% for first transmission

· Step size on CQI (for MCS mapping): 

· Down 0.25 dB in effective C/I for each NAK

· Up 0.025 dB in effective C/I for each ACK

· CQI feedback interval: 10 ms

· AMC offset range = +/- 5dB

· UE Driven rank, PMI, MCS selection
8. Outer Loop Parameters: Outer loop is enabled for the serving cell with the following parameters
· Performance Metrics:

i. Average Throughput

ii. Per-packet Throughput

1. This metric is obtained by measuring the throughput for every 0.5 MB worth of data for the serving cell. 
2. Median and edge user throughputs are presented (50-th percentile and 10-th percentile users)
The following table summarizes the parameters that were used for the ensuing simulation results:

9. PDSCH Parameters for Phase 2 of NAICS Link Level Evaluations
	 
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	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
	Sweep: 5.56 dB to 10.38 dB

Sweep: 10.62 dB 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
TM2
	TM4
TM3
	TM4
TM2
	

	MCS/Rank
	
	Description above
	Description above
	Description above
	

	Channel model


	
	EVA70
	EVA70
	EVA70
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Note 2:      Cell 1 is the serving cell. Cell 2 & 3 are interfering cells.
Note 3:      Both layers of rank2 transmissions use the same MCS

Note 4:      CQI + outerloop based wideband PMI for serving PMI variations in time are based on closed loop), and within every burst, wideband PMI for interferer, varying randomly every subframe.
	 

	
	
	
	
	
	
	
	
	
	
	
	


3 Performance Results
The performance of SLIC receivers with blind interferer parameter detection at the UE with RAN4 agreed geometry values and loading level is presented here.
3.1 Results with EVA70 Channel Model:
50th percentile I1/Noc: TM4 / TM4 / TM4
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Figure 1a: TM4 Interferer + TM4 Interferer with 50% I1/Noc Levels (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB), TM4 Serving Cell with Rank Switching: Average Throughput of Blind SLIC receiver
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Figure 1b: TM4 Interferer + TM4 Interferer with 50% I1/Noc Levels (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB), TM4 Serving Cell with Rank Switching: Per-Packet Throughput of Blind SLIC receiver

80th percentile I1/Noc: TM4 / TM4 / TM4
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Figure 2a: TM4 Interferer + TM4 Interferer with 80% I1/Noc Levels (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB), TM4 Serving Cell with Rank Switching: Average Throughput of Blind SLIC receiver
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Figure 2b: TM4 Interferer + TM4 Interferer with 80% I1/Noc Levels (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB), TM4 Serving Cell with Rank Switching: Per-Packet Throughput of Blind SLIC receiver

50th percentile I1/Noc: TM2 / TM3 / TM2
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Figure 3a: TM3 Interferer + TM2 Interferer with 50% I1/Noc Levels (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB), TM2 Serving Cell: Average Throughput of Blind SLIC receiver
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Figure 3b: TM3 Interferer + TM2 Interferer with 50% I1/Noc Levels (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB), TM2 Serving Cell: Per-Packet Throughput of Blind SLIC receiver
80th percentile I1/Noc: TM2 / TM3 / TM2
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Figure 4a: TM3 Interferer + TM2 Interferer with 80% I1/Noc Levels (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB), TM2 Serving Cell: Average Throughput of Blind SLIC receiver
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Figure 4b: TM3 Interferer + TM2 Interferer with 80% I1/Noc Levels (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB), TM2 Serving Cell: Per-Packet Throughput of Blind SLIC receiver

3.2 Observed RU/MCS/Rank Distributions

The link level simulation results presented used the set of parameters specified earlier in this paper so as to obtain the target loading, RI and MCS distributions. The observed probability distributions of RI / MCS / RU are as follows:
Distribution of RI:

· TM2/TM3/TM2 case:
	
	Probability of Rank1 for Interferer 1
	Probability of Rank1 for Interferer 2 (TM2: SFBC in this case)

	80%  I1/Noc level, SLIC Receiver
	54.28%
	1 

	80%  I1/Noc, MMSE_ Receiver
	57.82%
	1

	50%  I1/Noc level, SLIC Receiver
	51.10%
	1

	50%  I1/Noc, MMSE_ Receiver
	61.77%
	1


· TM4/TM4/TM4 case: 
	
	Probability of Rank1 for Interferer 1
	Probability of Rank1 for Interferer 2 

	80%  I1/Noc level, SLIC Receiver
	61.00%
	50.20% 

	80%  I1/Noc, MMSE_ Receiver
	52.77%
	61.77%

	50%  I1/Noc level, SLIC Receiver
	58.71%
	50.91%

	50%  I1/Noc, MMSE_ Receiver
	53.74%
	50.91%


Observed RU:

· TM2/TM3/TM2 case:
· Observed RU = 40.65 % for 80% I1/Noc

· Observed RU = 37.3 % for 50% I1/Noc

·  TM4/TM4/TM4 case: 
· Observed RU = 32.8 % for 80% I1/Noc
· Observed RU = 32.8 % for 50% I1/Noc

Note: The same IAT yields a higher RU for TM2/TM3/TM2 likely because the second interferer has no rank2 transmissions. With greater number of simulation trials and/or minor adjustments to the IAT value as a function of transmission rank is expected to show closer convergence to the target RU. 
Distribution of MCS:

· TM2/TM3/TM2 case:

	
	MCS Distribution for Interferer 1
MCS 5/14/19: Rank2
MCS 8/16/22: Rank1
	MCS Distribution for Interferer 2
MCS 5/14/19: Rank2
MCS 8/16/22: Rank1

	80%  I1/Noc level, Rank1 MCS
	31.2 / 32.1 / 36.7 %
	28.8 / 44.7 / 26.5 %

	80%  I1/Noc level, Rank2 MCS
	24.0 / 41.1 / 34.9 %
	N/A

	50%  I1/Noc, Rank1 MCS
	30.2 / 32.2 / 37.6 %
	29.1 / 44.0 / 26.9 %

	50%  I1/Noc, Rank2 MCS
	22.3 / 42.3 / 35.4 %
	N/A


· TM4/TM4/TM4 case: 
	
	MCS Distribution for Interferer 1
MCS 5/14/19: Rank2
MCS 8/16/22: Rank1
	MCS Distribution for Interferer 2
MCS 5/14/19: Rank2
MCS 8/16/22: Rank1

	80%  I1/Noc level, Rank1 MCS
	29.6 / 29.9 / 40.5 %
	23.2 / 43.5 / 33.3 %

	80%  I1/Noc level, Rank2 MCS
	19.2 / 45.4 / 35.4 % 
	40.3 / 29.7 / 30.0 % 

	50%  I1/Noc, Rank1 MCS
	30.8 / 34.3 / 34.9 %
	23.8 / 48.0 / 28.2 %

	50%  I1/Noc, Rank2 MCS
	23.3 / 39.5 / 37.1 %
	38.4 / 29.4 / 32.2 %


4 Conclusions
In this paper, link level simulation results were presented for Phase 2 of NAICS receiver evaluations for the Blind SLIC receiver at low SINR (5th to 25th percentile) UEs. Partial loading model is used based on RAN4 agreements and RAN1 recommended RU level of 40% with dynamic MCS/rank is used. 
· All presented results are with a realistic blind SLIC receiver which detects interferer parameters as needed and does not assume any network signalling or coordination. 

· 
· A fully Blind SLIC receiver provides gains up to 5 dB with 80% I/Noc interferers and up to 2 dB for the 50% I/Noc levels over the Rel-11 MMSE-IRC receiver for the TM4/TM4/TM4 case and up to 4 dB with 80% I/Noc interferers and 1-1.5 dB for the 50% I/Noc levels for the TM2/TM3/TM2 case.
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