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1. Introduction

In the last RAN4 meeting further agreements on the NAICS demodulation test cases were reached and are captured in [1-2]. In this contribution we provide the final link level simulation alignment and impairment results based on the agreed simulation parameters. In the companion paper [3] we provide discussion on the remaining details of NAICS demodulation test cases.
2. Simulation alignment results

In this section we provide the simulation results for the blind R-ML NAICS receivers performance in the agreed test cases. The summary of the NAICS test cases analysed in this contribution is provided in Table 1. The detailed simulation assumptions are provided in the Annex.
Table 1. NAICS test cases summary
	Test
	TMs
	MCS
	Rank
	Ant.
Config.
	Interf. Profile
	CRS pattern
	Test Objective

	1
	TM2/2/2
	8/rand/rand

9/rand/rand
	1 / 1 / 1
	2x2 low
	High INR
	Colliding
	Gain

	2
	TM2/9/9
	5/rand/rand

8/rand/rand
	1/rand/rand
	2x2 low
	Low INR
	Non-colliding
	Robustness

	3
	TM4/4/4
	8/rand/rand

9/rand/rand
	1/rand/rand
	2x2 low
	High INR
	Colliding
	Gain

	4
	TM4/4/4
	5/rand/rand

8/rand/rand
	1/rand/rand
	2x2 low
	Low INR
	Non-colliding
	Robustness

	5
	TM9/9/9
	8/rand/rand

9/rand/rand
	1/rand/rand
	[4x2] low
	High INR
	Non-colliding
	Gain

	6
	TM8/8/8
	14/OFF/OFF
	1/no/no
	2x2 low
	High INR
	Non-colliding
	Gain (CRS-IC)

	7
	TM8/3/3
	5/rand/rand

8/rand/rand
	1/rand/rand
	2x2 low
	Low INR
	Non-colliding
	Robustness

	8
	TM10/9/9
	8/rand/rand

9/rand/rand
	1/rand/rand
	[4x2] low
	High INR
	Non-colliding
	Gain


2.1 Performance gain test cases

In Table 2 we provide the summary of simulation results for performance gain tests and show SNR/SINR values for the 85% of the maximum throughput level and also estimate NAICS receivers gain against the baseline LMMSE-IRC receivers. The simulation results are illustrated in Figures 1-10 for the following test cases:
· Test case #1: TM2/2/2 with colliding CRS pattern 
· Test case #3: TM4/4/4 with colliding CRS pattern 
· Test case #5: TM9/9/9 with non-colliding CRS pattern (4 Tx antennas for all cells)
· Test case #6: TM8/8/8 with non-colliding CRS pattern
· Test case #8: TM10/9/9 with non-colliding CRS pattern (4 Tx antennas for all cells)
Table 2. Simulation results summary - Performance gain test cases

	Test case
	Duplex mode
	Serving cell MCS
	SNR / SINR @ 85% of max t-put, [dB]
	Gain vs LMMSE-IRC, [dB]

	
	
	
	LMMSE-IRC
	NAICS
	

	#1
	FDD
	MCS8
	13.0 / -1.4
	10.2 / -4.2
	2.8

	
	
	MCS9
	14.1 / -0.3
	11.5 / -2.9
	2.7

	
	TDD
	MCS8
	12.5 / -1.9
	9.9 / -4.5
	2.6

	
	
	MCS9
	13.7 / -0.7
	10.8 / -3.6
	2.9

	#3
	FDD
	MCS8
	14.3 / -0.1
	11.2 / -3.2
	3.0

	
	
	MCS9
	15.9 / 1.5
	12.8 / -1.6
	3.2

	
	TDD
	MCS8
	13.9 / -0.5
	10.7 / -3.7
	3.1

	
	
	MCS9
	15.3 / 0.9
	12.2 / -2.2
	3.1

	#5
	FDD
	MCS8
	16.5 / 2.1
	12.9 / -1.5
	3.6

	
	
	MCS9
	18.4 / 4.0
	14.9 / 0.5
	3.5

	
	TDD
	MCS8
	16.0 / 1.6
	12.7 / -1.7
	3.3

	
	
	MCS9
	17.9 / 3.5
	14.6 / 0.2
	3.3

	#6
	FDD
	MCS14
	15.4 / NA
	10.6 / NA
	4.8

	
	TDD
	MCS14
	15.1 / NA
	10.1 / NA
	5.0

	#8
	FDD
	MCS8
	16.5 / 2.1
	12.9 / -1.5
	3.6

	
	
	MCS9
	18.4 / 4.0
	14.9 / 0.5
	3.5

	
	TDD
	MCS8
	16.0 / 1.6
	12.7 / -1.7
	3.3

	
	
	MCS9
	17.9 / 3.5
	14.6 / 0.2
	3.3


	[image: image1.png]Throughput, Mbps

s 10 12 1 16 18 20
SNR, dB




	[image: image2.png]Throughput, Mbps

. 6 s 10 12 1 16 18 20
SNR, dB





	Figure 1. PDSCH throughput. Test case #1. FDD. TM2/2/2 with colliding CRS pattern. Serving cell MCS 9. 
Random Interference model.
	Figure 2. PDSCH throughput. Test case #1. TDD. TM2/2/2 with colliding CRS pattern. Serving cell MCS 9. 
Random Interference model.

	[image: image3.png]Throughput, Mbps

E—TT
—6— nacs

= = =85 MaxTput

)

w0 12
SNR, dB

"

1

1

F)




	[image: image4.png]Throughput, Mbps

. 6 s 10 12 1 16 18 20
SNR, dB





	Figure 3. PDSCH throughput. Test case #3. FDD. TM4/4/4 with colliding CRS pattern. Serving cell MCS 9. 
Random Interference model.
	Figure 4. PDSCH throughput. Test case #3. TDD. TM4/4/4 with colliding CRS pattern. Serving cell MCS 9. 
Random Interference model.
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	Figure 5. PDSCH throughput. Test case #5. FDD. TM9/9/9 with non-colliding CRS pattern. Serving cell MCS 9. 
Random Interference model.
	Figure 6. PDSCH throughput. Test case #5. TDD. TM9/9/9 with non-colliding CRS pattern. Serving cell MCS 9. 
Random Interference model.
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	Figure 7. PDSCH throughput. Test case #6. FDD. TM8/8/8 with non-colliding CRS pattern. Serving cell MCS 14. High INR.
	Figure 8. PDSCH throughput. Test case #6. TDD. TM8/8/8 with non-colliding CRS pattern. Serving cell MCS 14. High INR.
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	Figure 9. PDSCH throughput. Test case #5. FDD. TM10/9/9 with non-colliding CRS pattern. Serving cell MCS 9. 
Random Interference model.
	Figure 10. PDSCH throughput. Test case #5. TDD. TM10/9/9 with non-colliding CRS pattern. Serving cell MCS 9. 
Random Interference model.


Observations:

· For all considered NAICS performance gain test cases using NAICS receivers allows achieving substantial performance improvement over LMMSE-IRC receivers.

· For the test cases 1, 3, 5 and 8, using MCS 9 allows achieving higher SINR test points comparing to the case of using MCS 8, while still maintaining the same level of performance gains vs. the LMMSE-IRC
2.2 Robustness test cases

In Table 3 we provide the summary of simulation results for performance robustness tests for the cases of using NAICS receivers with activated fallback. The selected simulation results are provided in Figures 11-16. The following test cases are considered:

· Test case #2: TM2/TM9 with non-colliding CRS pattern

· Test case #4: TM4/TM4 with non-colliding CRS pattern

· Test case #7: TM8/TM3 with non-colliding CRS pattern

Table 3. Simulation result summary - Robustness test cases
	Test cases
	Duplex mode
	Serving cell MCS
	SNR/SINR @ 85% of max t-put, [dB]
	Gain vs LMMSE-IRC, [dB]

	
	
	
	LMMSE-IRC
	NAICS
	

	#2
	FDD
	MCS 5
	3.4 / -2.9
	3.3 / -3.1
	0.2

	
	
	MCS 8
	6.3 / 0.0
	6.1 / -0.2
	0.2

	
	TDD
	MCS 5
	3.2 / -3.1
	2.9 / -3.4
	0.3

	
	
	MCS 8
	6.0 / -0.3
	5.9 / -0.4
	0.1

	#4
	FDD
	MCS 5
	4.7 / -1.6
	4.3 / -2.0
	0.4

	
	
	MCS 8
	8.0 / 1.7
	7.9 / 1.6
	0.1

	
	TDD
	MCS 5
	4.4 / -1.9
	4.2 / -2.1
	0.2

	
	
	MCS 8
	7.7 / 1.4
	7.4 / 1.1
	0.3

	#7
	FDD
	MCS 5
	6.1 / -0.2
	5.9 / -0.4
	0.2

	
	
	MCS 8
	9.8 / 3.5
	9.7 / 3.4
	0.1

	
	TDD
	MCS 5
	5.9 / -0.4
	5.8 / -0.5
	0.1

	
	
	MCS 8
	9.4 / 3.1
	9.2 / 2.9
	0.2
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	Figure 11. PDSCH throughput. Test case #2. FDD. TM2/9/9 with non-colliding CRS pattern. Serving cell MCS 8.
	Figure 12. PDSCH throughput. Test case #2. TDD. TM2/9/9 with non-colliding CRS pattern. Serving cell MCS 8.
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	Figure 13. PDSCH throughput. Test case #4. FDD. TM4/4/4 with non-colliding CRS pattern. Serving cell MCS 8.
	Figure 14. PDSCH throughput. Test case #4. TDD. TM4/4/4 with non-colliding CRS pattern. Serving cell MCS 8. 
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	Figure 15. PDSCH throughput. Test case #7. FDD. TM8/3/3 with non-colliding CRS pattern. Serving cell MCS 8.
	Figure 16. PDSCH throughput. Test case #7. TDD. TM83/3 with non-colliding CRS pattern. Serving cell MCS 8. 


Observations:

· For all considered NAICS robustness test cases using NAICS receivers with enabled fallback allows achieving performance same or better than LMMSE-IRC.

3. Impairment results

In Table 4 we provide the summary of the impairment results for the NAICS demodulation tests cases.
Table 4. NAICS impairment results

	Test cases
	Serving cell MCS
	SNR @ 85% of max t-put for the NAICS receiver, [dB]

	
	
	FDD
	TDD

	#1
	MCS 8
	11.7
	11.4

	
	MCS 9
	13.0
	12.3

	#2
	MCS 5
	4.8
	4.4

	
	MCS 8
	7.6
	7.4

	#3
	MCS 8
	12.7
	12.2

	
	MCS 9
	14.3
	13.7

	#4
	MCS 5
	5.8
	5.7

	
	MCS 8
	9.4
	8.9

	#5
	MCS 8
	14.4
	14.2

	
	MCS 9
	16.4
	16.1

	#6
	MCS14
	12.6
	12.1

	#7
	MCS 5
	7.4
	7.3

	
	MCS 8
	11.2
	10.7

	#8
	MCS 8
	14.4
	14.2

	
	MCS 9
	16.4
	16.1


4. Conclusions

In this contribution we have provided link level simulation results based on the agreed simulation parameters. Based on the results of the analysis further down-selection of the test parameters is suggested in [3].
References

[1] R4-153658, “NAICS Adhoc Meeting Minutes”, MediaTek, RAN4 #75, May 2015

[2] RAN4 #75 RRM/Demod chairman notes, May 2015
[3] R4-154147, “Remaining details of NAICS demodulation test cases”, Intel Corporation, RAN4 #76, August 2015
Annex – Simulation assumptions
	Parameter
	Value

	TX parameters

	Channel
	Test cases 1- 2, 4-8: EPA-5Hz for all links
Test case 3: EVA-5Hz for all links

	System bandwidth
	10 MHz

	Number of interference BS
	2

	Cell ID
	Serving cell: 0

Colliding CRS: Interferer cell #1 - 6, Interferer cell #2 - 1

Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 - 6

	Antenna configuration
	Test cases 1-4, 6-7: 2x2, low correlation

Test case 5,8: 4x2, low correlation

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Interference scenario
	Interference profile - NAICS scenario #1, 40% RU, low SINR Case

Low INR:       I1/Noc = 3.28 dB,  I2/Noc = 0.74 dB

High INR:      I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

Interference pattern: 
   Test cases 1-5,7,8: ON/ON interference profile
   Test case 6: OFF/OFF interference profile

	Useful signal transmission parameters
	FDD: PDSCH is scheduled in SFs 1-4, 6-9 (i.e. except 0/5)

          50 PRB resource allocation

          Wideband random PMI per TTI
TDD: UL/DL configuration 1

           PDSCH is scheduled in SFs 1,4,6,9

           DL SF resource allocation: 50 PRB

           Special SF type 4

           Special SF resource allocation: Test cases 1-4 – 50 PRB

                                                              Test cases 5-8 – 44 PRB (0-21, 28-49)

	Interference signal transmission parameters
	FDD: PDSCH is scheduled in SFs 1-4, 6-9 (i.e. except 0/5)

          Randomized model
TDD: UL/DL configuration 1
          PDSCH is scheduled in SFs 1,4,6,9

          Special SF type 4

          Randomized model

	Time/Frequency offset
	Test cases 1, 3-8: Interferer cell #1 – 2mus, 200Hz; Interferer cell #2 – 3mus, 300Hz

Test case 2: Interferer cell #1/2 – 5mus, 500Hz

	Tx EVM
	6%

	CSI-RS 
	Test case 2: Serving cell does not have CSI-RS, Interferer cells have ZP/NZP CSI-RS configurations

Test case 5: Non-Overlapping ZP/NZP CSI-RS configuration in the serving and interference cells
NZP CSI-RS configuration: 

Serving cell = 5

Interference cell 1 = 6

Interference cell 2 = 7
ZP CSI-RS bitmap: 

Serving cell            1000000000000000

Interference cell 1  0100000000000000

Interference cell 2  0010000000000000
FDD: 

NZP CSI-RS TCSI-RS = 10, ∆CSI-RS = 1

ZP CSI-RS ICSI-RS = 6

TDD: 

NZP CSI-RS TCSI-RS = 10, ∆CSI-RS = 4

ZP CSI-RS ICSI-RS = 9

	PDCCH/PCFICH
	Gain tests cases: CFI = 3 for both serving and interference cells
Robustness test cases: PDSCH start symbol for serving and interfering cells is the OFDM symbol 3. Serving cell CFI=3. Interfering cells CFI = {1,2,3}.

Serving cell PDCCH/PCFICH boosting = 0 dB

Interference cell PDCCH/PCFICH boosting = 0 dB

Interference cell PDCCH loading = 100%

	Receiver structures
	LMMSE-IRC (w/o CRS-IC)

Blind NAICS (R-ML w/ CRS-IC)
Blind NAICS receiver with fallback mode is considered for robustness test cases
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