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1
Introduction

During the previous RAN4 meetings a set of very first alignment simulations, based on selected NAICS parameterization, have been proposed. In this contribution we present selected simulation results as well as our view on the classification of TM interactions in test cases for performance and robustness. 
2
Demodulation test cases
The proposed alignment link simulations are covering the colliding and non-colliding CRS configurations. Tests #1 and #2 in Table 1 have been called as mandatory while the remaining three tests as optional. In [3] it has been agreed the following format of alignment simulations: 
Table 1: proposed simulation assumptions for alignment

	Test
	TMs
	Type
	MCS
	Rank
	Ant. Config.
	Test
	TMs

	1
	TM4/4/4
	TBD
	MCS5/5/5
	Rank1/1/1
	2x2
	Fixed
	Colliding

	2
	TM9/9/9
	TBD
	MCS5/5/5
	Rank1/1/1
	2x2
	Fixed
	Non-colliding

	3
	TM2/2/2
	TBD
	MCS5/5/5
	Rank1/1/1
	2x2
	Fixed
	Colliding

	4
	TM2/3/3
	TBD
	MCS5/14/14
	Rank1/2/2
	2x2
	Fixed
	Non-colliding

	5
	TM9/4/4
	TBD
	MCS5/5/5
	Rank1/1/1
	2x2
	Fixed
	Non-colliding


Note that Test Cases 4 and 5 are not likely to show performance gains and hence alignment may be difficult for these.

Comparison results will be compared against baseline of MMSE-IRC with no CRS-IC and no DMRS-IC.

Companies are encouraged to present blind detection, baseline and genie aided.

In addition, in RAN4#73 it has been agreed that CRS-IC capability of the UE will be verified in a setup involving DMRS based transmission in a non-colliding CRS scenario. We present such verification results in section 3.4 below.
In this contribution, the following receivers, using practical channel and covariance estimation, are considered:
· LMMSE-IRC (baseline)

· Genie-aided SLIC
· BD SLIC: SLIC with blind detection
· The analysis is provided for the case of colliding CRS in the serving and the dominant interferer cell with the cell IDs of {0, 6, 1}. The results span over the two interference profiles (medium and high INR), while in this study we have used ON/ON profile for the two interferers, but only the dominant interferer is considered in the IC. 
The following interference parameters are assumed to be blindly detected: Interference presence, PA, PMI, modulation. The desired PA value is -3dB, while PB value is 1. The NAICS UE is assuming PA is blindly detected from PA subset of {-6dB, -3dB, 0dB}. The number of used PRBs in the blind detection process is 1PRB-pair. 
3
Performance results
3.1
Test1: TM4 - TM4 in Colliding CRS scenario
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Figure 1: TM4-TM4, medium INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
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Figure 2: TM4-TM4, high INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
	Test 1: TM4-TM4 Throughput @ 70%  

	Case 
	Genie SLIC 
	Blind SLIC 
	Rel-11 IRC 
	Genie SLIC Gain over IRC 
	Blind SLIC Gain over IRC 

	INR3 
	3.7 dB 
	5.7 dB 
	9.1 dB 
	+5.4 dB 
	+3.4 dB 

	INR2 
	3.1 dB 
	3.5 dB 
	4.9 dB 
	+1.8 dB 
	+1.4 dB 


3.2
Test 3: TM2 - TM2 in Colliding CRS scenario
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Figure 3: TM2-TM2, medium INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
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Figure 4: TM2-TM2, high INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;

	Test 3: TM2-TM2 Throughput @ 70% 

	Case 
	Genie SLIC 
	Blind SLIC 
	Rel-11 IRC 
	Genie SLIC Gain over IRC 
	Blind SLIC Gain over IRC 

	INR3 
	5.0 dB 
	5.3 dB 
	11.5 dB 
	+6.5 dB 
	+6.2 dB 

	INR2
	4.9 dB 
	5.2 dB 
	6.7 dB 
	+1.8 dB 
	+1.5 dB 


3.3
TM9 - TM9 in non-colliding CRS scenario

In the following we have investigated the NAICS operation in TM9. The setup is similar to test 2, however we have configured CSI-RS in the serving cell and hence these results are using realistic CSI-RS based CSI feedback. Each cell was configured with a 2 NZP CSI-RS pattern as well as with a 4RE ZP pattern, such that NZP configuration collides with ZP configuration. As a consequence, the NAICS UE PDSCH has been interfered by a total of 2 NZP CSI-RS REs and 2 ZP CSI-RS REs coming from two cells. In Figure 5 and Figure 6 we show the TM9-TM9 NAICS performance in two interference scenarios. Genie aided CSI-RS knowledge is shown for comparison, in this case it is assumed that the CSI-RS pattern is known to the NAICS UE and the IC can be performed only on the interfering PDSCH REs. We observe no performance degradation in the case where the interfering CSI-RS REs are not known to the NAICS UE and are simply ignored in the IC process.
[image: image5.emf]
Figure 5: TM9-TM9, medium INR, non-colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
[image: image6.emf]
Figure 6: TM9-TM9, high INR, non-colliding CRS, Serving cell MCS#5, interfering cells MCS#5;

3.4
CRS IC verification scenario

The utilization of CRS IC is an important component of NAICS which should operate at all times when PDSCH IC is performed. It has been agreed to verify the CRS IC utilization in a scenario where NAICS gains are not possible without CRS IC. The CRS IC verification scenario is based on Test 2. In Figure 7 and Figure 8 we show the results for TM9-TM9 NAICS in non-colliding 2 CRS AP scenario. 2Tx CSI-RS has been configured in both serving and interfering cells along with a muting pattern. Realistic CSI feedback and channel estimation has been performed as well. In these results the CSI-RS configurations have not been generating unknown interference to NAICS PDSCH. 
[image: image7.emf]-9 -7 -5 -3 -1 1 3 5 7 9 11 13

0

0.2

0.4

0.6

0.8

1

1.2

1.4

SNR [dB]

Throughput [Mbit/s]

TM=[9 9 9], RI=[1 1 1] ,#CRS=[2 2 2], MCS=[5 5 5], CIDs=[0 1 2], CSI-RS=[yes yes yes], Non-colliding CSI-RS pattern, INR2

 

 

Genie SLIC

Genie SLIC, No CRS-IC

Blind SLIC

Blind SLIC, No CRS-IC

4.1 3.7

4.3

5.9


Figure 7: TM9-TM9, medium INR, non-colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
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Figure 8: TM9-TM9, high INR, non-colliding CRS, Serving cell MCS#5, interfering cells MCS#5;

Observation:

· Substantial gains are possible due to CRS IC utilization.
4
Choices of tests design and blind detection testability
The utilization of TMs is part of a more broad discussion. As we have highlighted in [8], we see a need for various TM utilizations, in addition to sets of parameters grouped into the same testing package.

Baseline sets:

· Group-CRS: IP + DII + PDSCH_SP + MOD + PA_{subset of 3 values} + PMI + RI

· Group-DMRS: IP + DII + DMRSp + PDSCH_SP + MOD + RI

· Utilize 8 non-zero power CSI-RS REs with 10 ms periodicity in test setups.

IP= interference presence, DII=dominant interference identification, PDSCH_SP = PDSCH starting position, DMRSp=DMRS port.

The utilization of 8 non-zero power CSI-RS REs is motivated by the possible configuration of NAICS with 8Tx antennas. 

In [4] the main TM combinations have been captured. The following split for TM combinations has been made:

A : baseline test to check performance gain, 

B : FFS test to check performance gain 
C : baseline test to check robustness

D : FFS test to check robustness

E : no need to consider

The yellow highlights in Table 2 and Table 3 represent our current views with respect to the mix of TM utilization and the split according to performance and robustness tests. Our views are based on the results we have presented in [6] and [7] and summarized in the Appendix B.

Table 2: Transmission mode combinations for colliding CRS

	
	TM2 interference
	TM3 interference
	TM4 interference
	TM9 interference

	TM2 serving
	 (A)
	 (E)
	 (E/A)
	(E)

	TM3 serving
	(E)
	 (E)
	(D)
	(E)

	TM4 serving
	 (A)
	 (E)
	(A)
	(B)

	TM9 serving
	 (B)
	 (E)
	(D)
	(B)


Table 3: Transmission mode combinations for non-colliding CRS
	
	TM2 interference
	TM3 interference
	TM4 interference
	TM9 interference

	TM2 serving
	 (A/B)
	 (E)
	 (E/D?/A)
	(E)

	TM3 serving
	 (E)
	 (E)
	 (E)
	 (E)

	TM4 serving
	 (A)
	(E)
	 (B/A/D)
	 (E)

	TM9 serving
	 (E)
	 (E)
	(C)
	 (A)


5
Conclusions

In this contribution, we investigated the performance of the NAICS receivers Genie-aided SLIC and SLIC with joint blind detection, compared to the LMMSE-IRC (baseline). 
Based on the simulation results presented above and in Appendix B, we can summarize the following:

Observations:

1. Treating CSI-RS REs as interfering PDSCH does not introduce significant NAICS performance degradation.
2. Substantial gains are possible due to CRS IC utilization.

Proposals:

1. Consider the following split of tests for further discussion:
Table 4: Transmission mode combinations for colliding CRS

	
	TM2 interference
	TM3 interference
	TM4 interference
	TM9 interference

	TM2 serving
	 (A)
	 (E)
	 (E/A)
	(E)

	TM3 serving
	(E)
	 (E)
	(D)
	(E)

	TM4 serving
	 (A)
	 (E)
	(A)
	(B)

	TM9 serving
	 (B)
	 (E)
	(D)
	(B)


Table 5: Transmission mode combinations for non-colliding CRS
	
	TM2 interference
	TM3 interference
	TM4 interference
	TM9 interference

	TM2 serving
	 (A/B)
	 (E)
	 (E/D?/A)
	(E)

	TM3 serving
	 (E)
	 (E)
	 (E)
	 (E)

	TM4 serving
	 (A)
	(E)
	 (B/A/D)
	 (E)

	TM9 serving
	 (E)
	 (E)
	(C)
	 (A)
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Appendix A
Table 1: Simulation assumptions
	Parameter
	Value

	Serving PA/ Signaled PB
	-3 dB / 1

	Channel model
	EPA5

	Bandwidth 
	15 PRBs

	Interference scenarios
	Interference pattern: ON/ON

Medium INR: See Table 2

High INR: See Table 2

	Cell IDs for TM4/2 simulations
	Serving cell: 0

Interference cell 1: 6
Interference cell 2: 1

	Cell IDs for TM9simulations
	Serving cell: 0

Interference cell 1: 1

Interference cell 2: 2

	Number of control OFDM symbols
	3

	PDSCH TM and MCS
	Note 1


Note 1:
In each TM combination, fixed MCS/RI across subframes and subbands for both serving and interference cell.
· Serving cell:
· Rank1

· MCS 5: QPSK, Rate 1/3

· Intf1: 
· Rank1

· MCS 5: QPSK, Rate 1/3

· Intf2: 
· Rank1
· MCS 5: QPSK, Rate 1/3
The interferer profiles of Phase 1 are given below in Table 2, with 40% chosen to be the mandatory simulation case and 60% as optional
Table 2: Simulation settings on SINR, I1/Noc, and I2/Noc (in dB) for NAICS scenario-1, 
	5-25% geometries

	SINR_min
	-3.70
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	1.14
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	3.28
	diff=
	I1/Noc(40%)@50%-tile
	7.77
	diff=
	I1/Noc(40%)@80%-tile
	13.91
	diff=

	Conditioned median I2/Noc
	0.74
	2.54
	Conditioned median I2/Noc
	2.29
	5.47
	Conditioned median I2/Noc
	3.34
	10.56

	I1/Noc(60%) @20%-tile 
	1.94
	diff=
	I1/Noc(60%) @50%-tile
	6.33
	diff=
	I1/Noc(60%)@80%-tile
	12.33
	diff=

	Conditioned median I2/Noc
	-0.56
	2.50
	Conditioned median I2/Noc
	0.76
	5.57
	Conditioned median I2/Noc
	1.67
	10.66


Appendix B
Our previous [6], [7] NAICS link performance on mixed TMs in colliding and non-colliding CRS are as follows.
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Figure 9: TM4-TM4, 5-25% geometries, 6 PRB allocation, 1PRB BD, Colliding CIDs {0,6,1}, non-colliding CID {0,1,6}

[image: image10]
Figure 10: TM2-TM2, 5-25% geometries, 6 PRB allocation, 1PRB BD, Colliding CIDs {0,6,1}, non-colliding CID {0,1,6}
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Figure 11: TM4-TM2, 5-25% geometries, 6 PRB allocation, 1PRB BD, Colliding CIDs {0,6,1}, non-colliding CID {0,1,6}
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Figure 12: TM2-TM4, 5-25% geometries, 6 PRB allocation, 1PRB BD, Colliding CIDs {0,6,1}, non-colliding CID {0,1,6}
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