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1 Introduction

In RAN meeting #63, NAICS WI was approved [1] and one of the objectives is 
(RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.
The intention of the work is to enable CSI reporting to accurately reflect NAICS performance gain. In this contribution, we will analyze the potential issues of CSI enhancements for NAICS receivers and try to provide the guidance on the further study of necessity of the CSI enhancement.
2 Challenge for NAICS CSI enhancement
For the legacy UE, CSI is mainly decided by the effective SINR of the serving cell. However, for NAICS UE, the interference signal structure (including INR, modulation order, pre-coder, transmission modes and rank) needs to be taken into account for the CSI calculation because the performance of NAICS receivers, e.g., by using SLIC, is sensitive to both the serving cell SNR and the interference signal structure. An example is shown in Figure 1, where it can be observed that the variance of interference signal structure has significant impact on the performance of NAICS receivers given a certain MCS for serving cell. 
The challenge for NAICS CSI enhancement is that both UE and eNB do not know exactly the interference signal structure in the sub-frame where the reported CSI is actually used for scheduling. The reason is there is the delay between the occasions of CSI measurement and the utilization of CSI. To some extent, the calculation of CSI without perfect interference knowledge would face the risk of performance degradation. 
Observation 1: the challenge for NAICS CSI enhancement is that the interference signal structure to be canceled is unknown and would be difficult to be predicted at both UE and eNB sides.
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Figure 1: Performance of NAICS receiver with blind modulation order detection under different interference structure (TM9 single layer transmission)
3 UE behavior: CSI calculation and reporting for NAICS
3.1 Aggressive CSI calculation for NAICS
Considering NAICS could not fully remove the interference(s) in practice, there would be residual interference and the strength depends on the interference signal structure. It is desirable for CSI calculation to have an accurate residual interference measurement which matches NAICS performance. However, it would be complicated, for example, conducting interference signal structure blind detection for measuring the residual interference, especially when the interference needs to be cancelled  across the all the subbands in subband CSI measurement. To reduce the complexity, NAICS UE may have some assumptions on the receiver performance or interference signal structure for CSI calculation.

Generally speaking, NAICS UE may have the following two alternative ways to calculate CSI:
· Aggressive way: when calculating CSI, UE assumes that the strongest interference(s) can be fully removed or QPSK with single layer is used by the interference cell which favors the interference cancellation.

· Conservative way: when calculating CSI, UE assumes that the legacy receiver, e.g., MMSE-IRC or 16QAM/64QAM is used by the interference cell.

In aggressive way, CSI would be overestimated because the performance of NAICS would be not as ideal as the assumption that the strongest interference is completely cancelled. However, considering that the Outer Loop Link Adaptation (OLLA) used at eNB side with larger step down and smaller step up to adjust CQI corresponding to the NACK and ACK respectively, the aggressive way for CSI calculation may be acceptable without too much system performance loss, which seems simpler.

Observation 2: the aggressive way to calculate CSI in case using OLLA at eNB seems acceptable. 
Proposal 1: it is proposed that the comparison between new candidate CSI enhancement scheme for NAICS and the aggressive way to calculate CSI when OLLA is enabled should be done. 
3.2 Assumptions of interference signal structure for CSI calculation
When NAICS is used, what kind of interference structure should be assumed, e.g., whether one layer with 16QAM or two layer transmission with QPSK each layer should be assumed, is unclear.  Besides, for the wideband CQI calculation, whether we should assume the same interference structure across the bandwidth or different structures, or assume AWGN interference need further study.
Observation 3: the assumptions of interference signal structure for wideband CQI and subband CQI calculation need further study.
For PMI, the precoder calculation is mainly based on serving cell channel. So the accuracy could be guaranteed if the quality of reference signal for channel estimation was good. But if PMI calculation was coupled with CQI and RI calculation, then the accuracy of reported PMI may depend on the interference structure too.
Regarding RI calculation, it would be more difficult to obtain the accurate estimations when the interference structure was unknown, because the NAICS performance gain was unpredictable.

Observation 4: it would be more difficult to accurately predict RI, because the NAICS performance gain was unpredictable.
3.3 Bit width of differential CQI reporting
The 2-bit differential subband CQI is specified in the existing standard. For NAICS UE, it is observed that larger gain can be achieved from the cancellation of the stronger interference. Considering the frequency selective fading, the higher level interference would be observed in some subbands, which could provide the significant gain after interference cancellation, while in some subbands the lower level interference would be observed, which provide the trivial gain with interference cancellation. The dynamic range of differential subband CQI over wideband CQI would be expanded comparing to the legacy receiver.
Observation 5: whether the bit width for subband differential CQI should be increased needs further study.
4 Conclusion
In this contribution, we discuss the potential issues for NAICS CSI enhancement. The observations and proposals are summarized below.
Firstly, the challenge would be that:
Observation 1: the challenge for NAICS CSI measurement is that the interference signal structure to be canceled is unknown and would be difficult to be predicted at both UE and eNB sides.
In order to further evaluate the candidate solutions, we have the following observation and proposal:

Observation 2: the aggressive way to calculate CSI in case using OLLA at eNB seems acceptable.
Proposal 1: it is proposed that the comparison between new candidate CSI enhancement scheme for NAICS and the aggressive way to calculate CSI when OLLA is enabled should be done. 

In addition, the following issues need more consideration:
Observation 3: the assumptions of interference structure for wideband CQI and subband CQI calculation need further study.
Observation 4: it would be more difficult to accurately predict RI, because the NAICS performance gain was unpredictable.
Observation 5: whether the bit width for subband differential CQI should be increased needs further study.
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