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1 Introduction
Initial considerations for UE CSI reporting for NAICS were discussed in the RAN4 #73 meeting. The tasks for RAN4 in the performance part are evaluating the relative merits and demerits of different CQI reporting options considering performance, complexity and robustness over a variety of scenarios. Thus far, the different CQI reporting options that have been discussed as Pre-NAICS CQI and Post-NAICS CQI. An additional aspect that was discussed was the impact of OLLA in combination with the UE CQI report. 
In this paper, we discuss the impact of different CQI reporting options and present our solution for NAICS CQI reporting which allows for robustness, performance enhancement while considering the UE complexity as network operation such as OLLA enhancements.
The discussion of UE CQI report needs to consider the following factors:
· Robustness
· Performance under various interference conditions

· UE reporting consistency
· Performance: Link and System Level Throughput
· UE Complexity 
2 NAICS: CQI Reporting Options
Several options exist for UE CQI reporting for NAICS. In this section, we discuss each option and their relative merits along with our proposal for NAICS UE CQI report.
2.1 Option 1: Pre-NAICS CQI

In this option, the UE is mandated to feedback Pre-NAICS CQI, i.e. the MMSE-IRC CQI even though advanced receiver operations are performed and the demodulation performance could range from significantly large gains for low modulation, low rank interference (for e.g.: QPSK, Rank1 interference) to relatively smaller gains for higher modulation, higher rank interference. 

Observation 1: Results presented previously in RAN1 [1] and also in RAN4 [2] clearly indicate that NAICS gains are diminished with the use of Pre-NAICS CQI. This is a result of the fact that the UE is being mandated to under-report an inferior CQI which does not capture the UE’s demodulation capabilities. 
Proposal 1: We propose not to mandate the UE to report MMSE-IRC CQI since it does not capture UE’s NAICS capabilities and results in the limiting overall NAICS gains. 

Observation 2: While the performance may be improved further by using OLLA enhancements, it is not clear that OLLA enhancements can always be guaranteed by all network implementations, adversely impacting the overall NAICS gains. Moreover, it is not clear that the OLLA implementation can guarantee convergence of the outer loop when the MMSE-IRC CQI is significantly offset from the NAICS CQI. For example, result in [3] show that under the scenario of 80% I1/Noc and rank1, MCS5 interference, the NAICS receiver outperforms MMSE-IRC by up to 10 dB. In this scenario, the outer loop needs to ensure a sufficient pull-in range in order ensure convergence compared to the MMSE-IRC CQI – which may not always be a valid assumption.
Observation 3: Impact on UE complexity is minimal. This method of reporting does not incur additional complexity compared to the MMSE-IRC CQI reporting. This is indeed a desirable property and we incorporate this aspect in our proposal that follows.
Proposal 2: Consider the UE complexity impact when determining the UE reporting algorithm for NAICS.

2.2 Option 2: Dynamic Post-NAICS CQI

Definition: In this option, the UE reports CQI capturing its demodulation performance capturing the dynamic properties of the interferer such as modulation, rank and loading of the interferer, i.e., the CQI reported reflects the UE’s NAICS demodulation capability given the interferer’s dynamic properties on the CSI reference subframe.
Example 1: Assume that the interferer uses QPSK, rank1 transmissions on the CSI reference subframe whereas the scheduled subframe experiences a 64-QAM, rank2 interferer then the UE CQI report is likely to be too optimistic compared to its actual demodulation performance. On the other hand, the opposite scenario, i.e., the scheduled subframe has a QPSK rank1 interferer and the reference subframe has a 64 QAM, rank2 interference this will likely result in a CQI report that is too pessimistic. Since this behavior is dynamic, the eNB cannot make adjustments to the OLLA operation as well. Given the asymmetry in typical OLLA implementations where the down-step is much higher (~10x for 10% BLER target) than the up-step, rapid variations in the CQI report are therefore likely to face robustness issues when the UE reports dynamic post-NAICS CQI.
Observation 4: Mismatches between scheduled and reference subframes are fundamental to any CQI reporting technique and cannot be fully solved without impractical constraints on the CQI reporting and scheduling at the eNB. This is particularly a challenge in the context of NAICS as the performance is a function of dynamic interference properties. However, we propose a solution minimize the impact of this problem in the next section.
Observation 5: CQI reporting may require additional blind detection compared to demodulation that may be outside the UE’s grant in examples such as a non-colliding CRS interferer. The complexity entailed by the dynamic Post-NAICS CQI may not be desirable in general.
Proposal 3: Considering the UE complexity impact and robustness issues under bursty interference conditions, we propose to not consider dynamic post-NAICS CQI report for RAN4 CQI requirements.
2.3 Option 3: Semi-Static Post-NAICS CQI

In order to overcome the issues that have been discussed in the prior sections, we propose the following definition of a Semi-Static Post-NAICS CQI as one where the UE captures in its CQI report, a conservative NAICS gain additional to MMSE-IRC performance. The conservative gain would be a function of semi-static interference (and serving cell) parameters such as I/N (and C/N) but not dynamic parameters such as modulation, rank loading etc. Therefore, the conservative gain would represent the UE’s NAICS capability over a variety of interference scenarios, therefore providing for robustness under varying interference properties.
Proposal 4: Propose to use Semi-Static Post-NAICS CQI where the UE captures in its CQI report, a conservative NAICS gain on top of MMSE-IRC performance, as a function of semi-static interference (and serving cell) parameters such as I/N (and C/N) but not dynamic parameters such as modulation, rank loading etc.

NAICS_CQI = MMSE_CQI + ΔNAICS, 
where, ΔNAICS is the conservative NAICS gain that the UE reports considering its capability over the ensemble of interference scenarios that may be observed considering the semi-static interference parameters alone.
3 Advantages of Semi-Static Post-NAICS CQI

· Complexity: Since the CQI report does not varying dynamically with dynamic interference properties such as modulation, rank and loading UE complexity, additional blind detection complexity would not be incurred by this CQI reporting method. The complexity is same as MMSE-IRC CQI.
· Robustness: In real field operation, interference scenarios can be exhibit large variations due to the following factors
· Bursty interference in time

· Frequency selective interference
· Variations in I/N, C/N conditions

· Rank variations and MCS variations
Observation 6: Since ΔNAICS represents the NAICS gains that can be obtained by the UE over the ensemble of all interference scenarios, the CQI report is robust to interference variations. 

· Performance: Semi-Static NAICS CQI clearly represents an enhancement over the MMSE-IRC CQI since it is strictly greater than or equal to the Rel-11 CQI. Therefore, Semi-static NAICS CQI is expected to outperform MMSE-IRC CQI. Please see next section for simulation results.
· UE Enhancement: If the UE is mandated to feedback MMSE-IRC, it amounts to forcing ΔNAICS = 0, forcing severe under-reporting in some instances. Semi-static Post-NAICS CQI allows the UE to enhance performance based on its capability.
· OLLA Enhancement: Since the UE report does not vary dynamically with interference conditions, additional OLLA enhancements are still possible with semi-static Post-NAICS CQI. Further discussions on this topic can be continued in RAN4 based on OLLA enhancement proposals.
3.1.1 Impact of CQI Differential: Need for Semi-Static Post-NAICS CQI
Under the scope of Rel-12 NAICS, the most conservative value of ΔNAICS is likely to be the NAICS cancellation capability under Rank2, 64 QAM interference for given C/N and I/N values. In the following, we provide simulation results for MMSE-IRC receiver with 64-QAM, Rank2 interference in comparison to an R-ML receiver. The scenario is a Rank-1 TM4 serving cell with a Rank-2 TM4 interfering cell transmission over a 10 MHz system bandwidth. 

The results here are shown for a range of C/N values with I/N = 20 dB and I/N = 25 dB. Clearly, this scenario corresponds the most challenging modulation and rank scenarios, indicating that ΔNAICS = 3-5 dB, which is substantial compared to the 0 dB that would be mandated if MMSE-IRC CQI were chosen by RAN4.
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Figure 1a: Throughput Comparison: R-ML versus MMSE-IRC Receivers, I/N = 25 dB
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Figure 1b: Throughput Comparison: R-ML versus MMSE-IRC Receivers, I/N = 20 dB
The MCS corresponding to the CQI reported by the NAICS receiver for this conservative scenario are shown in Figure 2. 
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Figure 2a: Mean of Scheduled MCS corresponding to MMSE-IRC receiver and NAICS receiver, I/N = 25 dB
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Figure 2b: Mean of Scheduled MCS corresponding to MMSE-IRC receiver and NAICS receiver, I/N = 20 dB
Note: The performance difference between NAICS and MMSE-IRC receivers for this case represents the CQI difference that will be reported by the MMSE_IRC method and the Semi-static Post-NAICS CQI method.
From the throughput results above: it is clear that NAICS can provide significant benefit even in the conservative scenario of 64 QAM, Rank2 interference. The R-ML receiver in this case employs a high complexity blind detector, and studies are ongoing to reduce the complexity of the same.
Observation 7: Mandating ΔNAICS = 0 would amount to using MMSE-IRC CQI and the above result clearly shows that the UE capability can be significantly high even under the worst-case dynamic parameter scenario of the dominant interference.
For the sake of ease of discussion, we-attach the results that were presented in [1] here: 
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Figure 3: System level simulation results for NAICS Scenario 1 & Scenario 2. Median and tail (5%) throughputs with 2 MB, 0.5 MB and 100 KB packets. Here, unclean CSI refers to MMSE-IRC based CSI report. ‘Clean CSI’ refers to assumption of perfect cancellation of interferer and Hybrid CSI refers to Dynamic Post-NAICS CSI report.
With shorter packets, the sensitivity to better CQI reporting is observed in the above results, particularly for Scenario 2 which has a greater number of interfering cells and hence potentially more burstiness in the interference patterns. 
4 Field Data: U.S. Markets
In this section, we show field data obtained from urban and sub-urban U.S. cellular markets on rank and MCS used to illustrate the importance of conservative NAICS scenarios for field operation. The 3GPP evaluation scenarios of rank and MCS are also included for reference. 
Although enhanced NAICS performance is likely to be tested in the low rank, low MCS scenarios to ensure differentiation, the CQI reporting decision should consider the probabilities observed in the field and the potential for enhanced CQI. 
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Figure 3: Field Data of Observed MCS / Rank in Multiple Urban/Suburban US Markets
Observation 8: The presented data clearly shows that Rank2 higher modulation cases (16 & 64 QAM) are a prevalent scenario in field operations, ranging from 20-55% occurrence, whereas the 3GPP evaluation scenarios represent a lower end of that spectrum at 20% combined likelihood of Rank2 transmissions with 16 & 64 QAM. What this illustrates is that NAICS gains obtained in higher modulation / rank scenarios are very much meaningful to field operations.

 The presented simulation results show that there is significant performance benefit to be obtained with Semi-static Post-NAICS CQI. In combination, these two facts clearly exhibit why mandating MMSE-IRC CQI is not desirable as compared to the enhanced Semi-static Post-NAICS CQI.
5 Conclusions
Proposal 1: We propose not to mandate the UE to report MMSE-IRC CQI since it does not capture UE’s NAICS capabilities and results in the limiting overall NAICS gains. 
Proposal 2: Consider the UE complexity impact when determining the UE reporting algorithm for NAICS.

Proposal 3: Considering the UE complexity impact and robustness issues under bursty interference conditions, we propose to not consider dynamic post-NAICS CQI report for RAN4 CQI requirements.

Proposal 4: Propose to use Semi-Static Post-NAICS CQI where the UE captures in its CQI report, a conservative NAICS gain on top of MMSE-IRC performance, as a function of semi-static interference (and serving cell) parameters such as I/N (and C/N) but not dynamic parameters such as modulation, rank loading etc.

Conclusion: Considering the robustness, complexity and performance enhancement observed even in the most conservative NAICS scenarios, we propose to use Semi-static Post-NAICS CQI and not mandate the UE to feedback an inferior CQI namely, the MMSE-IRC CQI.

· Field data was presented to clearly show that Rank2, 64 QAM is a prevalent scenario. Simulation results show that there is significant performance benefit to be obtained with Semi-static Post-NAICS CQI. 

· In combination, these two facts clearly exhibit why mandating MMSE-IRC CQI is not desirable as compared to the enhanced Semi-static Post-NAICS CQI.
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