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1 Introduction
In the RAN4#70 meeting, the following agreements were made on the simulation scenarios to be used for NAICS parameter detection, as captured in ad-hoc meeting minutes [1]. 

· Use phase-1 (2 interferers with “on/on” pattern)) for blind detection performance study and phase-2 analysis will be considered later.
· 5-25% geometries RU=40%, I2/Noc conditioned @ 50% and 80%
· 40-60% geometries RU=40%, I2/Noc conditioned @ 50% 
· MCS combinations
· {Desired, I1, I2}: {5,5,5,}, {5,14,14}, {5,25, 25}, {14,5,5}, {14,14,14},  {14,25,25}
· Rank
· 5-25% geometries case: {Desired, I1, I2}= {1,1,1}, {1,2,2}
· 40-60% case: {2,1,1}
Subsequently, in the NAICS WI that was approved in RAN#63, it was agreed that “In the Rel-12 scope, the advanced receiver is assumed to be capable of processing up to 3 total layers (serving + interfering) and cancelling 1 interferer”. Therefore, the relevant scenario of interest in the newly approved Rel-12 WI is a rank configuration of {1, 1, 1} for serving cell and the two interferers.
In this contribution we present link level simulation results for the R-ML receiver. In particular, the fully blind R-ML receiver and three different partially blind variations are presented, along with the Rel-11 MMSE-IRC baseline without CRS-IC. These results are presented for both Scenario 1 with RU = 40% for median (50% I1/Noc) and strong interferer (80% I1/Noc) cases.
2 Parameters for R-ML Receiver Evaluation
As per the geometry calibrations and scenarios used in the SI phase, the following parameters and assumptions are used for simulations:

1. Geometry: We consider UEs that are in the 5th - 25th percentile of geometries. Under these conditions, the interference profiles for NAICS scenario 1 with 40% RU were derived in the SI phase as follows:
· SINR Range: [-3.74 dB , 1.08 dB]  (5th – 25th percentile of geometry)
· 50th percentile of I/Noc is = 7.77 dB, Conditional median I2/Noc = 2.29 dB. 

· 80th percentile of I/Noc is = 13.91 dB, Conditional median I2/Noc = 3.34 dB. 
2. Interferer On/Off Patterns: As stated in the introduction, the agreement in RAN4#70 was to use a fixed On/On pattern for interferers for evaluation of blind detection of parameters. 
3. Simulation Cases: The following simulation cases are presented in this paper:
· Serving cell: TM4 Rank 1
Interferer1: TM4 Rank1 
Interferer 2: TM4 Rank1
· MCS configuration1: {MCS5, MCS5, MCS5} for the three cells

· MCS configuration2: {MCS5, MCS14, MCS14}
· MCS configuration3: {MCS5, MCS25, MCS25} 
· MCS configuration4: {MCS14, MCS5, MCS5}
· MCS configuration5: {MCS14, MCS14, MCS14} 
· MCS configuration6: {MCS14, MCS25, MCS25} 
4. Receivers: Results are presented in this paper for R-ML receiver with blind and partially blind parameter detection Also, presented is the performance of the baseline 3GPP Rel-11 receiver which is the MMSE-IRC receiver without CRS-IC. The partially blind R-ML receiver will be explained in the following sections.
5. Channels: All cells use the EPA5 channel model.
6. Loading Level: A loading level of 40% is used for the interference profiles used in the simulation results presented here. The On-On pattern represents a time slice of a partially loaded system with two interferers.
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
	Sweep
	7.77 dB

13.91 dB
	2.29dB

3.34 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
	TM4 rank 1
	TM4 rank 1
	

	MCS
	
	5/14
	5/14/25
	5/14/25
	

	Channel model


	
	EPA5
	EPA5
	EPA5
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Note 2:      Wideband PMI for serving cell based on feedback. Varies randomly from subframe to subframe for interfering cells.
Note 3:      Subframe 5 is set to be OFF in all the simulations, in keeping with RAN4 test setups.
	 


Please see Note 2 and Note 3 that are slightly different simulation assumptions from the companion paper on SLIC receiver. This is an artifact of the different simulation conditions used in the two cases, for no particular reason.
2.1 Blind and Partially Blind R-ML Receivers
In this paper, we consider the following variants of the R-ML receiver:
· Fully Blind R-ML receiver
· This receiver detects all the parameters necessary in fully blind fashion, including the semi static as well as dynamic parameters for NAICS as listed in the WID. 
· Blind R-ML receiver with TPR Restriction
· This partially blind R-ML receiver operates under the assumption that
· Set of PA values is limited to three values namely {0 dB, -3 dB, -6 dB}, yielding possible TPR values of {+3 dB, 0 dB and -3 dB} respectively.

· QPSK + Rank1 transmissions follow PA values.
· The key benefits of TPR restriction are as follows:
· Currently, the LTE spec allows for up to 8 values of PA and 4 values of PB which determines the traffic to pilot ratio. For a blind receiver to search for all these hypotheses to detect the TPR is exceedingly complex. Moreover, limiting the TPR to a high value (+3 dB), a low value (-3 dB) and a nominal value (0 dB) would allow the eNB to operate seamlessly without losing flexibility while also helping the NAICS UE to detect this parameter at reasonable complexity.
· Hence, we propose in the companion paper that the TPR be restricted to {+3 dB, 0 dB and -3 dB} in order to allow NAICS UEs to perform blind detection at reasonable complexity. Performance results with the restricted TPR set are provided in this paper.
· Blind R-ML receiver with TM Subset Information
· For clarity, we re-iterate our proposal made in the companion paper - In networks where only certain transmission modes are possible based on the deployment conditions; we propose to signal this potentially reduced set of TMs semi-statically to a NAICS UE, so that blind detection complexity and possibly performance can be improved. This does not mean that the TMs used need to be restricted for the sake of NAICS.
· Any such TM subset signaling will have to account for the fact that TM2 is a fallback mode of other TMs used and always needs to be part of the TM subset.
· In the example provided in this paper, the partially blind R-ML receiver operates under the assumption that TMs used in the network are TM2 and TM4 only.
· The key benefits of TM subset signalling are complexity reduction and potentially performance improvement.
· Blind R-ML receiver with TPR Restriction and TM Subset Information
· This partially blind receiver operates under the assumption that both TPR restriction and TM subset information are used.
3 Performance Results
The performance of R-ML receivers with blind and partially blind R-ML receivers with On-On pattern using the EPA5 channel model are provided below.
3.1 TM4 Rank1 / TM4 Rank1 / TM4 Rank1 with MCS 5/5/5
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Figure 1(a): TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 80% (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) I/Noc, TM4-Rank1 Serving MCS 5 with Fully Blind and Partially Blind R-ML Receiver.
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Figure 1(b): TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB) I/Noc, TM4-Rank1 Serving MCS 5 with Fully Blind and Partially Blind R-ML Receiver.

3.2 TM4 Rank1 / TM4 Rank1 / TM4 Rank1 with MCS 5/14/14
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Figure 2(a): TM4-Rank1 Interferer (MCS14) + TM4-Rank1 Interferer (MCS14) with 80% (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) I/Noc, TM4-Rank1 Serving MCS 5 with Fully Blind and Partially Blind R-ML Receiver.
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Figure 2(b): TM4-Rank1 Interferer (MCS14) + TM4-Rank1 Interferer (MCS14) with 50% (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB) I/Noc, TM4-Rank1 Serving MCS 5 with Fully Blind and Partially Blind R-ML Receiver.

3.3 TM4 Rank1 / TM4 Rank1 / TM4 Rank1 with MCS 5/25/25
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Figure 3(a): TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 80% (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) I/Noc, TM4-Rank1 Serving MCS 5 with Fully Blind and Partially Blind R-ML Receiver.
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Figure 3(b): TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB) I/Noc, TM4-Rank1 Serving MCS 5 with Fully Blind and Partially Blind R-ML Receiver.

3.4 TM4 Rank1 / TM4 Rank1 / TM4 Rank1 with MCS 14/5/5
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Figure 4(a): TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 80% (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) I/Noc, TM4-Rank1 Serving MCS 14 with Fully Blind and Partially Blind R-ML Receiver.
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Figure 4(b): TM4-Rank1 Interferer (MCS5) + TM4-Rank1 Interferer (MCS5) with 50% (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB) I/Noc, TM4-Rank1 Serving MCS 14 with Fully Blind and Partially Blind R-ML Receiver.

3.5 TM4 Rank1 / TM4 Rank1 / TM4 Rank1 with MCS 14/14/14
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Figure 5(a): TM4-Rank1 Interferer (MCS14) + TM4-Rank1 Interferer (MCS14) with 80% (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) I/Noc, TM4-Rank1 Serving MCS 14 with Fully Blind and Partially Blind R-ML Receiver.
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Figure 5(b): TM4-Rank1 Interferer (MCS14) + TM4-Rank1 Interferer (MCS14) with 50% (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB) I/Noc, TM4-Rank1 Serving MCS 14 with Fully Blind and Partially Blind R-ML Receiver.

3.6 TM4 Rank1 / TM4 Rank1 / TM4 Rank1 with MCS 14/25/25
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Figure 6(a): TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 80% (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) I/Noc, TM4-Rank1 Serving MCS 14 with Fully Blind and Partially Blind R-ML Receiver.
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Figure 6(b): TM4-Rank1 Interferer (MCS25) + TM4-Rank1 Interferer (MCS25) with 50% (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB) I/Noc, TM4-Rank1 Serving MCS 14 with Fully Blind and Partially Blind R-ML Receiver.
4 Conclusions
In this paper, link level simulation results for parameter detection were presented using the Phase 1 configuration for fully blind and partially blind R-ML receivers at low SINR (5th to 25th percentile) UEs using fixed MCS and On/On pattern as per the RAN4#70 agreements.
· Observations:
· In all the scenarios across low, medium and high MCS, significant gains are observed for the blind R-Ml receiver showing that blind detection of the combination of parameters required for NAICS is feasible and significantly beneficial compared to the Rel-11 baseline MMSE-IRC receiver. 
· In most cases, particularly at low MCS and/or high interferer strength, the blind R-ML receiver and the partially blind R-ML receiver performs nearly the same as the genie-aided R-ML receiver, a hypothetical receiver that is assumed to somehow know the interferer parameters.

· Results with TPR restriction and TM subset information show nearly the same performance as the blind receiver, with the main benefit of TPR restriction and TM subset information being UE complexity reduction while keeping the eNB flexibility intact.
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