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1. Introduction

In the last RAN4 meeting multiple agreements on the NAICS demodulation test cases were reached and are captured in [1-2]. In this contribution, we share our views on the remaining details of NAICS demodulation test scenarios. In the companion paper [3] we provide the results of the link-level performance analysis for the agreed test cases.
2. Discussion
2.1 Serving cell transmission parameters

In the previous meetings it was agreed to use SNR @ 85% of maximum throughput as the performance requirements test point and no decision was made on the downselection of the MCS levels. For performance gain test cases the MCS needs to be selected in a way to minimize the probability of the RLF and the test should have SINR exceeding -3dB. In the Table 1 we show SINR values of the NAICS receivers for the different FDD test cases.
Table 1. NAICS SINR tests points.

	Test case type
	Test case index
	SINR @ 85% of Max Throughput for the NAICS receivers, [dB]

	
	
	FDD
	TDD
	FDD
	TDD

	
	
	MCS8
	MCS9

	Gain
	#1
	-4.2
	-4.5
	-2.9
	-3.6

	
	#3
	-3.2
	-3.7
	-1.6
	-2.2

	
	#5
	-1.5
	-1.7
	0.5
	0.3

	
	#8
	-1.5
	-1.7
	0.5
	0.3

	
	
	MCS5
	MCS8

	Robustness
	#2
	-3.1
	-3.4
	-0.2
	-0.4

	
	#4
	-2.0
	-2.1
	1.6
	1.1

	
	#7
	-0.4
	-0.5
	3.4
	2.9


Based on the simulation results provided in Table 1 and in the companion paper [3], we propose the following test case parameters:

· Performance gain tests: Use serving cell MCS 9
· Robustness tests: In general, either MCS 5 or 8 can be used. To have a safer test point, MCS 8 is suggested.

Proposal #1:
Use serving cell MCS 9 for the performance gain test cases. Use MCS 8 for the robustness test cases.

2.2 Antennas configurations for Test case 5

In the previous meeting several concerns on using 4x2 antenna configurations for the Test case 5 were raised due to increased number of required faders and hence higher TE cost. In fact, for the DMRS-based TMs the NAICS receiver algorithms do not depend on whether 2 or 4 transmit antennas are used in the serving/neighbouring cells. Meantime, the actual performance gains may vary depending on the number of antennas used in the cell. In our view, there is no strong need in requiring large number of faders and some relaxations are possible as long as the NAICS receivers performance gains are sufficiently high and testable. In Table 2 we compare the NAICS receivers performance for test case 5 with MCS 9 for a number of possible test setups with different antenna configurations: 
· Option 1 (baseline): 2 interference cells + 4 transmit antennas for all cells (24 faders)

· Option 2: 2 interference cells + 2 transmit antennas for all cells (12 faders)

· Option 3: 2 interference cells + 4 transmit antennas for serving cell and 2 transmit antennas for both interference cells (16 faders)

· Option 4: 2 interference cells + 2 transmit antennas for serving cell and 4 transmit antennas for strongest interference cell, 2 transmit antennas for other interference cell (16 faders)

Table 2. Test case 5 - Antennas configurations impact

	Option
	SNR @ 85% of Max Throughput, [dB]
	SNR gain over LMMSE-IRC, [dB]

	
	LMMSE-IRC
	NAICS
	

	1
	18.4
	14.9
	3.5

	2
	17.5
	14.7
	2.8

	3
	17.7
	15.0
	2.7

	4
	18.3
	14.7
	3.6


The largest NAICS gain is observed in case of using options 1 and 4. Based on these result we suggest using Option 4 due to high performance gains and reduced number of required faders.
Proposal #2:
For test case 5, use 2 Tx antennas for the serving cell, 4 Tx antennas for the first interferer cell, and 2 Tx antennas for second interferer cell.

2.3 Non-colliding CRS-IC test case
In the last meeting it was decided to keep Test case 6 for the verification of the non-colliding CRS-IC functionality. At the same time the technical motivation to keep the test is not clear yet, as the existing TM9/9/9 test case 5 already ensures verification of the CRS-IC functionality. Below, we provide simulation results to compare the NAICS receivers performance in the test cases 5 (option 4, see proposal #2) and 6 under assumption of using different receiver types:

1) Receiver #1: LMMSE-IRC + CRS-IC receiver

2) Receiver #2: NAICS PDSCH-IS/IC only receiver

3) Receiver #3: Full NAICS receiver with both PDSCH-IS/IC and CRS-IC functionality (Correct UE behaviour)
The simulation results summary is provided in Table 3. In Figures 1 and 2 we illustrate the link level simulation results.

Table 3. Non-colliding CRS-IC efficiency 
	Test case
	Serving cell MCS
	Interference cell MCS / Pattern
	SNR @ 85% of Max Throughput, [dB]
	SNR gain over LMMSE-IRC, [dB]

	
	
	
	LMMSE-IRC
	Receiver #1
	Receiver #2
	Receiver 
#3
	Receiver #1
	Receiver #2
	Receiver #3

	5 
	MCS 9
	Randomized
	18.3
	15.3
	17.3
	14.7
	3.0
	1.0
	3.6

	6
	MCS 14
	OFF
	15.4
	10.8
	15.4
	10.8
	4.8
	0.0
	4.8
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	Figure 1. PDSCH throughput. Test case 5. MCS 9. 
	Figure 2. PDSCH throughput. Test case 6. MCS 14.


Observations:

· Test case 5: Using CRS-IC alone allows achieving 3.0 dB performance improvement. Joint use of PDSCH-IS/IC and CRS-IC allows achieving 3.6 dB performance improvement over LMMSE-IRC.

· Test case 6: Using CRS-IC allows achieving 4.8 dB performance improvement over LMMSE-IRC receiver. Meantime, the test case does not allow differentiation of NAICS and LMMSE-IRC + CRS-IC receivers.

Therefore, the existing Test case 5 allows efficient differentiation of whether UE has non-colliding CRS-IC functionality and we recommend to remove the Test case 6 from the consideration.
Proposal #3:
Remove the TM8/8/8 test case #6 for the non-colliding CRS-IC functionality verification

2.4 PDCCH parameters

In the previous meeting no agreement was reached on the downselection of PDCCH loading value for all test cases. In Figure 3 we illustrate the PDCCH decoding impact on the NAICS receivers performance for the Test case #1 which has the lowest test point (and hence the largest PDCCH impact on the PDSCH demodulation). It can be seen that for the 85% throughput level the overall impact of PDCCH decoding is minimal. So, 100% interferer loading can be assumed for the test cases without noticeable impacts on the performance.
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Test case #1. MCS 8.
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Test case #1. MCS 9.

	Figure 3. PDCCH decoding impact analysis.


Proposal #4:
Use 100% interferer PDCCH loading for all test cases
2.5 TDD parameters

Several remaining details of the resource allocation parameters for the TDD test cases were discussed in the recent RAN4 e-mail reflector discussion. Below we would like to summarize the outcome of the discussion:
· Serving cell PDSCH resource allocation

· 50 PRBs in normal DL subframes for all TMs

· 50 PRBs in special subframes for CRS TMs

· 41 PRBs (0~20, 30~49) in special SFs for DMRS TMs

· Interfering cells PDSCH resource allocation

· No changes in both normal DL and special subframes

· When 41 PRBs are used in special subframes the interference model is obtained by puncturing the central PRBs of interference cell transmission.
2.6 Other aspects

Time/frequency offset for Test Case 7

Additional TM8/3/3 robustness test case for the non-colliding CRS scenario was introduced in the last meeting. However, the simulation assumptions for time/frequency offset for interferers configuration were not discussed. In our view, typical assumptions for NAICS test cases can be used: 2us/200Hz configuration for the 1st dominant interferer, 3us/300Hz configuration for the 2nd dominant interferer.
UE categories
The test cases 1-5 can be defined for UE category ≥ 1. For Test Case 6 UE category should be ≥ 2.
3. Conclusions

In this contribution we have shared our views on the views on the remaining details of NAICS UE demodulation test cases. In summary, we make the following proposals:

Proposal #1:
Use serving cell MCS 9 for the performance gain test cases. Use MCS 8 for the robustness test cases.

Proposal #2:
For test case 5, use 2 Tx antennas for the serving cell, 4 Tx antennas for the first interferer cell, and 2 Tx antennas for second interferer cell.

Proposal #3:
Remove the TM8/8/8 test case #6 for the non-colliding CRS-IC functionality verification

Proposal #4:
Use 100% interferer PDCCH loading for all test cases
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