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1. Introduction
This document presents our opinions on the WF that was presented in RAN4 #72 about NAICS UE’s demodulation requirements [1]. The WF is summarised below:
· Introduce UE PDSCH demodulation tests for the verification of NAICS functionality
· In the RAN4 #72bis the companies are encouraged to provide input on the following aspects of NAICS UE demodulation requirements 

· Test purposes and their prioritization if any

· Potential purposes may include

· Verification of NAICS receivers’ implementation in terms of achievable performance gains
· Verification of NAICS receivers’ implementation in terms of robustness (i.e. ensuring no loss vs LMMSE-IRC receiver)  

· Scenarios and interference models and their prioritization if any

· Interference profiles including the number of interfering cells, interference pattern and geometry
· CRS pattern for serving and interference cells
· Duplexing modes
· Serving and interference cell transmission parameters (TMs, MCS, RI, etc)
· Time/Frequency offsets models for interference signal
· Whether randomized interference model should be used and the respective parameters
· Whether serving cell PDCCH decoding performance impact on the PDSCH throughput needs to be considered
· Reference receiver structures and assumptions
· NAICS receiver structures to be considered in the WI Performance part
· e.g. LMMSE-IRC, E-LMMSE-IRC, SLIC, R-ML
· Methodology to define unified requirements
· NAICS fallback operation assumptions
· Assumptions on the dominant interferer selection
· NAICS higher-layer signaling parameters for the performance tests (e.g. TM subset, PA subset, blind detection granularity, etc)
· Performance metrics
· The companies are encouraged to provide simulation results in order to study achievable NAICS performance in the following scenarios
· Non-colliding CRS pattern for the dominant interferer
· Mixed TM scenarios
2. Discussion of Simulation Setup
In this section, we provide our inputs for each item listed above.

Test purposes and their prioritization
It is important for a NAICS receiver to provide performance gain in targeted scenarios. Therefore, tests cases are required to verify UE’s performance in typical deployment interference limited scenarios. It is also important to verify that a NAICS receiver does not degrade performance compared with the baseline LMMSE-IRC.  These are two most important aspects of unit tests, and need to be handled with equal priority. 
Proposal #1 : Create test cases for verifying both NAICS receiver’s gain in targeted scenarios and robustness in problematic scenarios. These two types of cases should be treated with equal priority.
Scenarios and Interference profiles
Typical scenarios and the interference profiles were extensively discussed during SI phase [2], and they are also widely used in the current NAICS WI as default simulation setup. We recommend that the same scenarios and profiles be used in the performance tests, too. Some of the agreements include, but not limited to:
· Modeling two interference with the agreed interference power profiles and pattern (TM combination, MCS, cell ID etc)
· The same geometry agreed in SI phase
· Handling a single strongest interference in a UE
Proposal #2 : Use the same interference scenarios and profiles that are agreed till now.

Regarding CRS pattern (i.e., the cell ID configuration), the NAICS gain is expected to be much smaller when non-colliding CRS patterns are used. We think it is not necessary to test this case. Also non-colliding CRS scenario may unnecessarily increase the total number of test cases. 
Proposal #3 : Set up test cases only for colliding CRS pattern.

Regarding duplex mode, most study was done only for FDD till now. At this point, most companies seem to have more interest in FDD. However TDD is also an important mode, and needs to be tested. We recommend that the performance tests be done for FDD in the first phase and for TDD in the second phase.

Proposal #4 : Set up test cases for FDD in the first phase and for TDD in the second phase.
Regarding the serving/interference cell transmission parameters, we recommend that the scenarios agreed in SI phase be re-used. These include TM2/3/2, TM4/4/4, TM9/9/9. On top of these modes, we also recommend that more scenarios be included such as TM2/2/2, TM4/9/9, TM9/4/4 etc. These should be included for verifying both performance and robustness. We also recommend MCS5/5/5, MCS5/14/14, and both rank1 and 2 interference.

Proposal #5 : Re-use the agreed major transmission parameters. Add more scenarios such as TM2/2/2, TM4/9/9, TM9/4/4 for robustness test. 

Regarding time/frequency offset, we propose that zero offset (or perfect error compensation) should be used in the first phase of performance tests. Non-zero offset can be considered in the second phase.
Proposal #6 : Assume zero time/frequency error during the first phase of performance tests. Consider non-zero error later in the second phase. 

Regarding the randomized interference model, we think that both full-randomized and semi-randomized interference should be used in each test case. Here what we mean by semi-randomized interference is that the TM remains the same over time, but the precoder used (if TM4) in PRB changes randomly. Although eNB has freedom to change the granularity, we recommend that it should vary every PRB in a random fashion. UE will need to blindly detect necessary parameters for each PRB. This should provide a “lower” bound of blind detection performance in each test case.

In another aspect, the full-randomized interference may be a better model for realistic interference. In this model, the TM changes every subframe among TM2, 3, 4, and 9. The precoder also changes over frequency as in the semi-random interference.

Proposal #7 : Use both full-random and semi-random interference. Vary the selected precoder every PRBs over frequency if TM4 were used.TM changes among TM2, 3, 4, and 9 in the full-random interference.
The impact of the serving cell PDCCH decoding performance is an important aspect, and it was briefly discussed previously. Despite of its importance, it was deferred putting more efforts on PDSCH cancellation. Similarly, in the WI performance phase, we recommend deferring this item and focus on PDSCH only. We suggest that NAICS performance be measured with the perfect decoding of the serving PDCCH. 

Proposal #8 : Assume perfect PDCCH decoding.
Reference receiver structures and assumptions
Two main candidate receiver types have been identified for NAICS so far, namely R-ML and SLIC. RAN4 is contribution driven and any companies’ implementation of a NAICS receiver should not be constrained to be either of these two implementations, nor preclude any other implementation. However, the definition of performance requirements should show reasonable gains when a NAICS receiver is deployed. A reference receiver allows RAN4 to define consistent performance test cases whilst not mandating any specific implementation. During this meeting a decision should be made on whether the R-ML or SLIC receiver is chosen as the NAICS reference receiver.
In all scenarios, to verify the robustness of NAICS receiver, the performance of LMMSE-IRC should also be submitted for comparison. We don’t need to discuss the “Genie” performance. All NAICS performance should be based on blind detection of necessary parameters utilizing only those information supplied by eNB.
Proposal #9 : Decide during this meeting based on company input for the reference receiver. All curves submitted require the LMMSE-IRC results for comparison. There is no need to supply the “Genie” performance curves. 
The blind detection granularity can vary if eNB uses multiple PRBs for scheduling, and it is exactly known to UE. Depending on eNB implementation or signalling, the exact knowledge may or may not be available to UE. We also think that tests for all possible granularities are not necessary as it will greatly increase the total number of unit tests. We think that tests with a single PRB granularity across frequency are good approaches providing ‘sort of’ lower bounds.  All other cases with larger granularity will just show better detection performance. 
Regarding the PA, it can change depending on the modulation used. However, in the performance tests, we propose that the interference modulation of up to 16QAM be used. With this, we recommend the subset of {-3, 0, 3} dB for both QPSK and 16QAM interference, and UE detects the best value among them. The true PA is assumed to be always 0dB.

Proposal #10 : Always assuming single PRB granularity, blindly detect all necessary parameters if not agreed and necessary in the UE’s decoding process. Use the PA subset of {-3, 0, 3} dB with 0dB being the true value.
For the interference with 4x2 antenna setup, we don’t need to create test cases due to the lack of agreed information from eNB. We just leave it up to each company’s modem implementation without specific unit tests. 
Proposal #11 : No test cases are necessary for 4x2 interference.
Regarding the assumption of dominant interference selection, UE can use some RSRP-type metrics or other different metric if it thinks it could do better with it. If the selection of the strongest interference is not correct, it will just impact the NAICS gain and throughput. We don’t think it is necessary to mandate a specific metric for this purpose.
Proposal #12 : No need to specify which metric to use for identifying a strongest interference. Use only the final throughput curves for comparison.
Regarding the performance metric, we think the gain in dB at 70% of the max throughput should be sufficient as in other test cases. Companies should provide the throughput curves over a wide range of SNR for comparison.
Proposal #13 : The 70% throughput of the maximum throughput is compared. The SNR gain in dB at this point is the final metric to use.
Mixed TM scenarios and non-colliding CRS pattern
We expect the NAICS gain would be smaller in this case due to the inevitable collision between CRS (or DMRS) with PDSCH. However, according to our understating, UE is still able to obtain considerable amount of gain especially when mixed TM and colliding CRS patterns are used. Due to this, we think mix-TM interference is another good test case of the robustness, and should be included in the test cases.
With non-colliding CRS pattern, the gain might be even smaller due to the LMMSE-IRC receiver’s improvement. We don’t feel it is necessary to test this case.

Proposal #14 : Only when colliding CRS patterns are used, include mixed-TM interference in the valid test cases for robustness. However, no tests are necessary for non-colliding CRS pattern.
3. Suggested Test Cases
Based on our discussions above, we list here our proposals for the test cases. They are not fully descriptive but should provide good guidelines. For all cases, MCS5/5/5, MCS5/14/14, and the interference rank of both one and two needs to be tested. Only the colliding cell-ID, in other words, configuration of 0/6/1, is used in all tests. All are tested only with 2x2 antenna setup, and both full-random and semi-random interference.
· TM2/2/2

This case is tested for the robustness verification. This is the case when a NAICS gain might be relatively small. It is still required for a NAICS UE to provide the same (if it chooses to fallback to IRC) or better performance than MMSE-IRC. 

· TM2/3/2
This case is tested for the robustness verification. This is the case when a NAICS gain might be small. It is still required for a NAICS UE to provide the same (if it chooses to fallback to IRC) or better performance than MMSE-IRC. 
· TM4/4/4
This case is tested for the performance verification. This is the case when a NAICS gain would be considerably high. 
· TM9/9/9
This case is tested for the performance verification. This is the case when a NAICS gain would be considerably high. 
· TM4/9/9
This case is tested for the robustness. This could happen a lot in real deployment. The gain is expected to be smaller than TM4/4/4. It is still required for a NAICS UE to provide the same or better performance than MMSE-IRC.

· TM9/4/4
This case is tested for the robustness. This could happen a lot in real deployment. The gain is expected to be smaller than TM9/9/9. It is still required for a NAICS UE to provide the same or better performance than MMSE-IRC.

Proposal #15 : Create test cases for 
· TM2/2/2, TM2/3/2, TM4/4/4, TM9/9/9, TM4/9/9, and TM9/4/4. 
· Both full-random and semi-random interference
· Both FDD and TDD
· Both rank 1 and rank 2

· MCS 5/5/5, 5/14/14

4. Conclusion
In this contribution, we provide our inputs on the WF agreed in RAN4 #72 [1]. We also provide our recommendation on the test cases.
We have the following particular proposals:
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