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1. Introduction

In accordance to the NAICS WI Performance part objectives the RAN4 needs to define the demodulation and CSI feedback performance requirements for the NAICS receivers [1]. In the previous meetings different CSI reporting approaches for the NAICS receiver were considered. In particular, dynamic post-NAICS, semi-static partial post-NAICS, LMMSE-IRC+CRS-IC and LMMSE-IRC based CQI computation methods were discussed. 
In RAN4 #74 meeting the following agreements were reached [2]:
· RAN 4 acknowledges that the UE is capable of computing CQI based on LMMSE-IRC
· Tests are already available to verify this behavior (type A receiver tests)
· FFS if new tests are required to account for NAICS conditions
· RAN 4 acknowledges that the UE is capable of computing CQI involving CRS-IC with the configuration of measurement set…
· Under the agreement of 3 layers cancelled by the UE under NAICS, and in particular in the absence of serving cell PDSCH for the intended UE, RAN4 does not have consensus on the feasibility of the CQI computation based on dynamic post NAICS…
· For Rel-12 NAICS RAN 4 can adopt only CQI reporting based on solutions that are agreed to be feasible.
· Whether an LS to RAN 1 is required is FFS.
In the last meeting no substantial progress could be reached. It was agreed to “remove dynamic post NAICS with PDSCH blind detection as a consideration for NAICS.” No further conclusions on the feasibility of different CSI reporting approaches could be reached and initial discussion on the CQI reporting test case took place.
In this contribution we share our further views on the NAICS CSI reporting framework and focus on the CSI reporting test purposes and methodology.

2. CSI reporting solutions
The RAN4 has previously concluded that “UE is capable of computing CQI based on LMMSE-IRC” [2]. No consensus on the feasibility of other CQI calculation solutions including partial post-NAICS CQI could be reached. Therefore, the pre-NAICS (LMMSE-IRC) CQI reporting behaviour can be considered as the baseline method and should be used the reference to define the minimum CSI reporting performance requirements (if any). 
Proposal #1: Pre-NAICS LMMSE-IRC based CSI reporting is used as the baseline UE behaviour (i.e. to define the minimum performance requirements)
As mentioned above, pre-NAICS CQI reporting approach is considered to be the baseline UE behaviour and furthermore dynamic post NAICS CQI reporting was excluded from the consideration. The existing RAN1 CQI definition is introduced under assumption that CSI reporting assumptions should be aligned with the expected demodulation assumptions (e.g. use CRS-IC in the reporting in case CRS-IC is used for the demodulation). Furthermore, for NAICS, RAN1 decided that the CQI definition is not modified [3]:

· In Rel-12, there is no change to the current CQI definition for NAICS CSI reporting.
· Note that the UE would take into account any NAICS gains into the CQI derivation and it is up to RAN4 whether a new test case is required
· If RAN4 performance part does not find a feasibility of above note, these agreements do not preclude possibilities of RAN1 specification change
In our view, this implies that CQI should be calculated based on full post-NAICS assumptions. At the same time, in the RAN4 discussions in the last meeting there was no common understanding whether RAN1 LS means that NAICS CQI reporting should capture ‘all’ or ‘some’ of the NAICS gains. Given such uncertainty, we suggest informing RAN1 on the outcome of the RAN4 discussion and ask to clarify the RAN1 assumptions on the NAICS CQI definition.
Proposal #2: Inform RAN1 WG on the outcome of the RAN4 studies on the CQI reporting
3. CSI reporting requirements
Based on the NAICS WID the RAN4 is tasked to “specify … CSI feedback performance requirements”. Therefore, NAICS CSI reporting requirements need to be introduced at least to show the feature feasibility under the assumption that NAICS receiver uses both demodulation and CSI reporting. In general, the tests may need to cover different types of CSI reports incl. CQI, PMI, and RI. Out of those three, the CQI reporting is the most impacted one and should be discussed first. Meantime, additional discussion on the potential requirements for the PMI/RI may be also needed.

CQI reporting test purposes

First of all, it is important to clarify the NAICS CQI reporting test purposes. Following the prior discussions on the NAICS demodulation part and also the proposals in [4], from the network point of view it is important to guarantee NAICS receivers robustness. In particular, it is desirable to guarantee that NAICS receiver under follow CQI reporting assumption would have performance no worse than the reference LMMSE-IRC receiver with the LMMSE-IRC CQI reporting. We would like to note that given LMMSE-IRC reporting is considered for the minimum CQI reporting, the NAICS CSI tests should not aim to verify any performance gains (e.g. on top of LMMSE-IRC reporting).

Similar to the demodulation part, two types of test can be considered depending on the interference conditions:
· Unfavourable interference conditions. The CQI requirements should guarantee that using NAICS demodulation in conjunction with the CQI reporting does not lead to the performance degradation in the unfavourable interference conditions (i.e. check that fallback will be activated for both Demodulation and CSI). The unfavourable conditions are generally same as the conditions which do not allow achieving NAICS demodulation performance gains (e.g. low INR, CRS-based TMs + non-colliding CRS, etc).
· Favourable interference conditions. The CQI requirements should also guarantee that NAICS demodulation in conjunction with the CQI reporting does not lead to the performance degradation in the favourable interference conditions (i.e. check that NAICS Demodulation + CSI reporting will be no worse than LMMSE-IRC). 
Proposal #3: NAICS CQI tests should ensure that NAICS receiver would have performance no worse than the reference LMMSE-IRC receiver under follow CQI reporting assumptions.
CQI reporting test methodology
The absolute NAICS throughput performance will be tested via corresponding demodulation test cases. For the CSI reporting requirements test cases, typically the relative performance metrics are exploited. The similar approach can be adopted for NAICS. To check that NAICS receiver would not have performance degradation vs. the LMMSE-IRC receiver the performance for the case of using NAICS and LMMSE-IRC receivers should be compared against each other. At the same time, it might be difficult to emulate conditions where direct comparison of the NAICS and LMSME-IRC can be done. The reason is that for the interference-limited conditions it might be difficult to guarantee that UE has strictly LMMSE-IRC and would not apply certain enhanced interference handling even in the absence of NAICS HL signalling. Hence, such types of advanced receivers might be penalized in case the reference receiver performance is measured in the non-AWGN interference conditions.
One of the workarounds to solve this issue is to use approach suggested in [4] and compare the receivers performance in the AWGN and interference conditions under follow CQI assumptions (i.e. similar to the LMMSE-IRC CSI reporting tests). In short, it can be summarized as follows:

· Step 1: Measure LMMSE-IRC receiver performance in a unstructured Gaussian interference scenario (Scenario 2) under follow CQI assumptions 
· Step 2: Measure NAICS receiver performance in a structured interference scenario (Scenario 1) under follow CQI assumptions
· Step 3: Check relative performance in step 1 and step 2
For the Scenario 1 AWGN conditions, it can be guaranteed that the UE would not apply any interference suppression and, hence, this approach allows avoiding the described problem and can be adopted for the NAICS CQI tests. The throughput ratio between the AWGN and non-AWGN can be used to characterize the performance difference, however additional analysis whether some other metrics (e.g. CQI difference, BLER, etc.) need to be considered as well and this requires further analysis.
Proposal #4: For the NAICS CQI tests the receiver performance in the AWGN and non-AWGN conditions is compared under follow CQI assumptions.
Performance requirement
Since the LMMSE-IRC based CSI reporting is considered to be used for the definition of the minimum performance requirements and the test purpose is to check that NAICS receiver is no worse than the LMMSE-IRC, the requirements threshold should be chosen based on the LMMSE-IRC receiver performance (e.g. ratio of the LMSME-IRC receiver throughput in Scenario 1 and 2).
Interference model

Different types of interference models can be considered for the NAICS CQI reporting test cases. In the prior NAICS studies the following models were considered and can be generally applied for NAICS CQI tests:
· Fixed interference environment: NAICS Phase 1 interference model is used with the ON/ON interference pattern with 100% interference loading and fixed interference transmission parameters (e.g. QPSK Rank 1).

· Dynamic FTP interference environment: Typical NAICS Phase 2 assumptions with 40% target RU (100% load in frequency and 40% load in time) and pre-defined interferer MCS/RI distribution.

· Randomized interference environment: The randomized model similar to the one considered for the demodulation test cases (100% load in time, 90% load in frequency)

Based on the general CQI reporting principles UE is not responsible for handling potential serving and interference signals variations between the CSI reference resources and the subframes where eNB applies those CQI reports. Therefore, typically for the CSI reporting the potential variation of the propagation conditions is tried to be reduced. So as the baseline approach fixed interference environment can be considered, however other models should not be precluded and further performance analysis may be required to compare the CQI reporting performance under various conditions before deciding on the model to be used for the final test cases.
4. Simulation results

In this section we provide the set of the initial simulation results to illustrate potential NAICS CSI reporting test cases and requirements and aim to check whether the suggested methodology can be used to fulfil the claimed test purposes. The following general simulation assumptions are used:
· The relative performance in the two scenarios is analysed

· Scenario 1: AWGN conditions (throughput T1, median CQI 1)
· Scenario 2: Non-AWGN interference conditions (throughput T2, median CQI 2)

· Serving cell

· TM4/4 colliding CRS and TM9/9 non-colliding CRS scenarios

· Follow wideband CQI, Fixed PMI, RI = 1
· Receiver structures

· LMMSE-IRC demodulation + LMMSE-IRC CQI

· Blind R-ML demodulation + LMMSE-IRC CQI
· Performance metrics
· Throughput gain: Scenario 2 NAICS and LMMSE-IRC receivers throughput gains vs LMMSE-IRC in the scenario #1
· CQI difference: Median wideband CQI difference between the Scenario 1 and 2 for the case using LMMSE-IRC based CQI reporting
Unfavourable interference conditions
In Figures 1-6 we illustrate the simulation results for the NAICS test cases under unfavourable NAICS conditions where NAICS demodulation is expected to have performance nearly same as LMMSE-IRC. The following interference conditions are considered:

· Low INR (INR1 = 3.28 dB, INR2 = 0.74 dB), ON/ON interference pattern

· Fixed transmission parameters: 64QAM, RI = 2, Fixed PMI
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	Figure 1. PDSCH throughput. TM4/TM4. Low INR.
	Figure 2. PDSCH throughput. TM9/TM9. Low INR.
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	Figure 3. Scenario 1/2 throughput gain. 
TM4/TM4. Low INR.
	Figure 4. Scenario 1/2 throughput gain. 
TM9/TM9. Low INR.
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	Figure 5. Scenario 1/2 median CQI difference.
TM4/TM4. Low INR.
	Figure 6. Scenario 1/2 median CQI difference. 
TM9/TM9. Low INR.


Observations:

· The LMMSE-IRC receiver throughput performance in the non-AWGN scenario 2 is slightly better than in the AWGN Scenario 1
· The throughput ratio between the LMMSE-IRC receivers in the Scenario 2 and LMMSE-IRC receiver is Scenario 1 is in the range from 1.0 to 1.4 and is typically larger for lower SINR values. 
· The NAICS and LMMSE-IRC receivers have almost same performance as in the non-AWGN Scenario 2
· The median CQI difference between the LMMSE-IRC CQI reporting in the AWGN and non-AWGN conditions is very low and is the range from 0 to 1. For some SNR points the CQI difference is equal zero and does not allow differentiation of Scenario 2 and Scenario 1.
· The considered methodology can potentially be used for the verification that NAICS receiver is no worse than the LMMSE-IRC in the unfavourable interference conditions. Throughput gain metrics can be used under assumption that the requirements are based on the LMMSE-IRC receiver performance.
Favourable interference conditions
In Figures 7-12 we illustrate the simulation results for the NAICS test cases under favourable NAICS conditions. In particular, the following interference conditions are considered:

· High INR (INR1 = 13.91 dB, INR2 = 3.34 dB), ON/ON interference pattern

· Fixed transmission parameters: QPSK, RI = 1, Fixed PMI
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	Figure 7. PDSCH throughput. TM4/TM4. High INR.
	Figure 8. PDSCH throughput. TM9/TM9. High INR.
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	Figure 9. Throughput ratio vs Scenario #1. 
TM4/TM4. High INR.
	Figure 10. Throughput ratio vs Scenario #1. 
TM9/TM9. High INR.
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	Figure 11. Scenario 1/2 median CQI difference.
TM4/TM4. High INR.
	Figure 12. Scenario 1/2 median CQI difference.
TM9/TM9. High INR.


Observations:

· LMMSE-IRC throughput performance in the non-AWGN Scenario 2 is substantially better than in the AWGN Scenario 1 (~ 3dB improvement)

· The throughput ratio γ1 between the LMMSE-IRC receivers in the Scenario 2 and Scenario 1 is in the range from 1.5 to 2.5 for the investigated SINR range 

· The throughput ratio γ2 between the NAICS receivers in the Scenario 2 and LMMSE-IRC receivers in the Scenario 1 is in the range from 1.5 to 3.0 for the investigated SINR range and is generally somewhat higher than γ1

· The median CQI difference between the LMMSE-IRC CQI reporting in the AWGN and non-AWGN conditions is in the range from 1 to 2.

· The considered methodology can be used for the verification that NAICS receiver is no worse than the LMMSE-IRC in the favourable interference conditions. Either throughput gain or CQI difference metrics can be used under assumption that the requirements are based on the LMMSE-IRC receiver performance.
5. Conclusions

In this contribution we have shared our views on the CQI reporting methods and CQI reporting testing purposes and methodology. In Section 4 we have provided the initial simulation results that show that the proposed methodology can generally be used to achieve the proposed test purpose. In summary, we make the following proposals:
Proposal #1: Pre-NAICS LMMSE-IRC based CSI reporting is used as the baseline UE behaviour (i.e. to define the minimum performance requirements)
Proposal #2: Inform RAN1 WG on the outcome of the RAN4 studies on the CQI reporting
Proposal #3: NAICS CQI tests should ensure that NAICS receiver would have performance no worse than the reference LMMSE-IRC receiver under follow CQI reporting assumptions.
Proposal #4: For the NAICS CQI tests the receiver performance in the AWGN and non-AWGN conditions is compared under follow CQI assumptions.
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