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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 further views on the remaining details of NAICS demodulation test scenarios. In the companion paper [3] we provide detailed results of the link-level performance analysis for the agreed test cases.
2. Discussion
The summary of the candidate NAICS test cases agreed in the last meeting is provided in Table 1. In the table we also the list of opens for each test case.
Table 1. NAICS test cases summary

	Test
	TMs
	MCS
	Rank
	Ant.
Config.
	Interf. profile
	CRS pattern
	Test Objective
	FFS

	1
	TM2/2/2
	8/rand/rand

9/rand/rand
	1 / 1 / 1
	2x2 low
	High INR
	Colliding
	Gain
	MCS, test point, PDCCH parameters, channel model, interferer RAG

	2
	TM2/9/9
	5/rand/rand

8/rand/rand
	1/rand/rand
	2x2 low
	Low 
INR
	Non-colliding
	Robustness
	MCS, test point, PDCCH parameters, interferer RAG

	3
	TM4/4/4
	8/rand/rand

9/rand/rand
	1/rand/rand
	2x2 low
	High INR
	Colliding
	Gain
	MCS, test point, PDCCH parameters, channel model, interferer RAG

	4
	TM4/4/4
	5/rand/rand

8/rand/rand
	1/rand/rand
	2x2 low
	Low 
INR
	Non-colliding
	Robustness
	MCS, test point, PDCCH parameters, interferer RAG

	5
	TM9/9/9
	8/rand/rand

9/rand/rand
	1/rand/rand
	4x2 low
	High INR
	Non-colliding
	Gain
	MCS, test point, PDCCH parameters, CSI-RS configuration, interferer RAG

	6
	TM8/8/8
	14/OFF/OFF
	1/no/no
	4x2 low
	High INR
	Non-colliding
	Gain 
(CRS-IC)
	MCS, test point, PDCCH parameters, whether test is needed


2.1 Serving cell transmission parameters

In the previous meetings it was identified that depending on the MCS and target throughput levels the test point SINR can be very low and, hence, potential RLF issues may exist. Several approaches were discussed to resolve the issue, including modification of the target throughput level and the serving cell MCS level. To ensure RLF free conditions the SINR test point needs to have SINR ≥ -3dB and actually both approaches should be adopted to achieve the goal. Based on the simulation results provided 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.
· Use SNR (SINR) @ 85% of maximum throughput as the performance requirements test point.
Proposal #1: Use serving cell MCS 9 for the performance gain test cases. Use MCS 8 for the robustness test cases. Use SNR @ 85% of maximum throughput as the performance requirements test point
2.2 Non-colliding CRS-IC test case
In the last meeting it was agreed to tentatively define a special TM8/8/8 test case with the non-colliding CRS for the verification of the receiver CRS-IC functionality (Test case 6). In particular, the test case assumes that the interferers do not have any PDSCH transmissions and aims to check that the UE correctly applies CRS-IC. At the same time, the existing TM9/9/9 test case 5 already captures the CRS-IC functionality and it was agreed that new test case should not be considered in case sufficient CRS-IC gains are observed in the existing test case.
Below, we provide simulation results to compare the NAICS receivers performance in the test cases 6 and 7 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 2. In Figures 1 and 2 we illustrate the link level simulation results.
Table 2. Non-colliding CRS-IC efficiency 
	Test case
	Serving cell MCS
	Interference cell MCS
	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
	18.5
	16.5
	17.8
	15.9
	2.0
	0.7
	2.6

	6
	MCS 14
	OFF
	20.3
	16.9
	20.3
	16.9
	3.4
	0.0
	3.4
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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 2 dB performance improvement. Joint use of PDSCH-IS/IC and CRS-IC allows achieving 2.6 dB performance improvement over LMMSE-IRC.
· Test case 6: Using CRS-IC allows achieving 3.4 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. So, we recommend to remove the Test case 6.
Proposal #2: Remove the TM8/8/8 test case #6 for the non-colliding CRS-IC functionality verification
2.3 Channel models

In the last meeting two potential approaches to extend the NAICS test cases coverage for different channel models were discussed:
· Option 1: Use EPA5 channel model for all test cases except Test case 3 which uses EVA5 channel model for serving and both interference cells

· Option 2: Use EPA5 channel model for all test cases except Test case 1 which uses EPA5 for serving and EVA5 channel model for both interference cells

In Figure 3 below we illustrate the NAICS receivers performance for the both options and also for the case of using baseline EPA5 channel models for all links.
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	Test case #1. EPA-5Hz.
	Test case #3. EPA-5Hz.
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	Test case #1. EPA-5Hz. + EVA-5Hz
	Test case #3. EVA-5Hz.

	Figure 3. Channel model impact. 


The simulation results show that sufficient performance gains can be achieved for both cases. At the same time, the situations when the delay spread for the channel models for the serving and interference cells are of the same order tend to be more common. Therefore, we suggest using Option 1 and EVA5 channel model for both serving and interference cells for the Test case 3.
Proposal #3: Use EPA5 channel model for all test cases except Test case 3 which uses EVA5 channel model for serving and both interference cells
2.4 ZP and NZP CSI-RS configurations

The following agreements with regards to the ZP and NZP CSI-RS configurations were made

· Test case 2: use non-overlapping ZP and NZP CSI-RS configurations
· Test case 5: FFS whether overlapping or non-overlapping ZP and NZP CSI-RS configurations are used
Given that Test case 5 is applied for the 4 Tx antennas scenario, the following candidate ZP/NZP CSI-RS configurations can be considered.

Table 3. ZP and NZP CSI-RS configurations

	Type \ Cell
	Cell 1
	Cell 2
	Cell 3

	Non-Overlapping
	NZP CSI-RS config 5

ZP CSI-RS config 0

TCSI-RS =10 and ∆CSI-RS =1
	NZP CSI-RS config 6

ZP CSI-RS config 0

TCSI-RS =10 and ∆CSI-RS =1
	NZP CSI-RS config 7

ZP CSI-RS config 2

TCSI-RS =10 and ∆CSI-RS =1

	Overlapping
	NZP CSI-RS config 5

ZP CSI-RS config 0

TCSI-RS =10 and ∆CSI-RS =1
	NZP CSI-RS config 0

ZP CSI-RS config 5

TCSI-RS =10 and ∆CSI-RS =1
	NZP CSI-RS config 0

ZP CSI-RS config 5

TCSI-RS =10 and ∆CSI-RS =1


Typically from the deployment perspective the ZP CSI-RSs are used for the protection of the NZP CSI-RS transmissions in the neighbouring cells. In particular, the ZP CSI-RS resources usually overlap with the NZP CSI-RS in the neighbouring cells. So, the probability that serving cell PDSCH REs would overlap with the dominant interferer ZP or NZP CSI-RS should be rather low. Hence, for the NAICS test cases with the DMRS-based TMs it is reasonable to avoid such RE collisions as well.

As agreed in the WI Core part, UE is not informed on the neighbouring cells ZP and NZP CSI-RS configurations and no special handling of the NZP/ZP CSI-RS interference is required. Below, in Figure 4 we provide the results of the comparison of the NAICS receivers performance in the two CSI-RS scenarios. The results are provided for all subframes and additionally the performance for the subframes with the CSI-RS only is checked. From the average performance perspective, the impact of the CSI-RS ignorance is rather limited under assumption that CSI-RS periodicity is 10ms. Meanwhile, for the particular subframes with the CSI-RS transmissions the negative effect of the non-overlapping CSI-RS can be somewhat larger. However, the performance degradation comes completely from the misaligned interference structure assumptions in the PDSCH demodulation and UE is actually should not be required to handle such scenarios.
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	Figure 4. ZP and NZP CSI-RS configurations impact


Proposal #4: Use overlapping serving and interference cells ZP/NZP CSI-RS configurations for the test case 5.
2.5 PDCCH parameters 

So far, the following agreements on the serving and interference cell PDCCH parameters were reached
· Under high interference level need to ensure the PDCCH impact to PDSCH is minimized 

· Agreement to use 0dB PDCCH/PCFICH boosting

· Agree to bring results which use 50% and 100% PDCCH loading for all test cases and agree to down select one of these two options in the next meeting

One of the reasons to consider partial interferer PDCCH loading is to reduce the probability of the erroneous PDCCH decoding in the serving cell. As previously identified, one of key reasons for the potential erroneous PDCCH decoding is relatively low SINR. Therefore, as suggested in Section 2.1 the NAICS test cases SINR/SNR test point can be shifted to a higher values region. In this case the negative impact of the erroneous PDCCH decoding can be substantially reduced. In Figure 5 we illustrate the PDCCH decoding for the Test case #1 which has the lowest test point. It can be seen that for the 85% throughput level the overall impact of PDCCH decoding is minimal. Therefore, 100% interferer loading can be used for the remaining test cases.
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Test case #1. MCS 8.
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Test case #1. MCS 9.

	Figure 5. PDCCH decoding impact analysis.


Proposal #5: Use 100% interferer PDCCH loading for all test cases
2.6 TDD parameters 

The NAICS test cases should be also defined for the TDD case. The majority of the FDD test parameters can be reused. Meantime, some of the TDD specific parameters still need to be clarified. The following agreements on the NAICS TDD test cases were reached in the last meeting:
· Use UL/DL configuration 1 
· Use special subframe configuration 4. 
· Use a maximum value for CFI=2 for the special subframe.

· Whether PDSCH is scheduled in special subframe is FFS
· Centre 6 PRBs in the special subframe are not used for DRMS based transmission. 

In our view the NAICS efficiency in the special subframes is expected to be on par with the normal subframes and hence PDSCH might be scheduled in those subframes.
Proposal #6: PDSCH can be scheduled in the special subframes for the TDD NAICS test cases.

2.7 Interferer RAG

The following agreements on the NAICS receivers blind detection granularity were previously reached:

· Interferer parameters granularity used for parameters blind detection

· Interferer parameters are assumed to have granularity of at least 1 PRB pair in frequency.

· RAN4 found benefit in complexity and performance if a larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signalled to UE without any impact on scheduling in the network.

Therefore, both single and multiple PRB pairs blind detection granularity were agreed to be included in the NAICS WI scope and can be used at the UE side depending on the higher-layer signalling. To ensure good NAICS feature test coverage, verification of this type of signalling should be included in some of the test cases. 

Using several PRB pairs for blind detection offers “benefits in complexity and performance” and depending on the UE implementation either performance improvement or complexity/power savings can be achieved. Whether UE decides to improve the performance or to save power is completely an implementation choice and neither option should be precluded. Thus, the requirements for the multi-PRB blind detection case need to be defined equal to the case of using a single PRB detection granularity.

So far, the randomized interference models for RAG = 1 and RAG = 3 were defined. Below, we provide comparison on NAICS receivers performance for the two RAG models for the test cases 3 and 5. For the RAG = 3 model, it is assumed that NAICS higher-layer signaling is used to inform UE on the interference cell RAG. Meanwhile, it is assumed that UE uses this information for the power saving purposes and does not attempt to improve the performance comparing to the RAG = 1 case. The simulation results show that similar to the RAG = 1 model, the model with RAG = 3 can be used to demonstrate NAICS performance gains over LMMSE-IRC. Furthermore, the absolute receiver performance in both cases in nearly identical due to aligned assumptions on the interferer MCS and DTX statistics. Therefore, we suggest to define one of the NAICS performance test cases under assumption of using RAG =3 interference model and use of corresponding increased RAG NAICS HL signaling to inform UE on the interference parameters.
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	Figure 6. Randomized interference model (RAG = 1 vs RAG = 3)


Proposal #7: Use randomized interference model with RAG =3 with corresponding HL signalling for the Test case 5.
2.8 Performance metrics

In the last meeting there was a discussion on whether SNR or SINR should be used as the final performance metrics. In general, any of the two can be used. On the one hand, SINR seems to be a more natural choice to characterize the UE performance in the field. Meanwhile, it is important to note that based on the current RAN4 definition the SINR metric would correctly characterize the actual SINR performance in case of the full interference loading scenario only. In case of the partial interferer PDSCH loading, the actual SINR on different REs would depend on whether interferer PDSCH is present or not in those REs. The actual mismatch between actual average SINR and defined SINR would depend on the interferer PDSCH loading. Therefore, we suggest using the SNR metric similar to the FeICIC test cases as the test metric for NAICS test cases.

Proposal #8: Use SNR @ X% of max throughput as the test metric

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. Use SNR @ 85% of maximum throughput as the performance requirements test point.
Proposal #2: Remove the TM8/8/8 test case #6 for the non-colliding CRS-IC functionality verification.
Proposal #3: Use EPA5 channel model for all test cases except Test case 3 which uses EVA5 channel model for serving and both interference cells.
Proposal #4: Use overlapping serving and interference cells ZP/NZP CSI-RS configurations for the test case 5.

Proposal #5: Use 100% interferer PDCCH loading for all test cases.
Proposal #6: PDSCH can be scheduled in the special subframes for the TDD NAICS test cases.

Proposal #7: Use randomized interference model with RAG =3 with corresponding HL signalling for the Test case 5.
Proposal #8: Use SNR @ X% of max throughput as the test metric.
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