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1 Introduction
In this contribution, we present our view on CSI measurement and reporting for NAICS. In RAN1 meeting #77, the following conclusions were reached regarding CSI enhancements for NAICS receivers:
Observation:

· CSI enhancements for Rel-12 NAICS receiver should be further studied until RAN1 #77 meeting, focusing on the following options 

· Option 1: A single CSI feedback for NAICS

· Option 1-1: CSI is derived after canceling/suppressing interference

· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation
· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH
· Option 1-2: CSI is derived after canceling/suppressing interference

· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation and blind detection
· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH
· Option 1-3: CSI is derived without considering  Rel-12 NAICS functionality (e.g. CSI after MMSE-IRC)

· Option 2: Multiple CSI feedback for NAICS

· Each CSI is derived based on different interference hypothesis






Ex ) CSI1 is derived after canceling/suppressing interference. CSI2 is derived after MMSE-IRC
· Further study is needed on the interference hypothesis and blind detection feasibility at CSI calculation stage

Observation:
· Evaluations on CSI enhancements are conducted on system level and include FTP traffic model captured in TR36.866
· Subsequent evaluations are based on the assumptions captured in TR36.866

· Following parameters to be provided with evaluations:

· BLER target for the outer-loop

· FTP packet size

· Cell ID assignment method

· CSI filtering used (if any)

· Resources used to calculate CSI

In this contribution, we present our view on CSI enhancements for NAICS. In section 2, we provide an overview of various CSI enhancement options. In Section 3, we present system simulations comparing different CSI feedback modes for CRS based reporting. Finally, in Section 4, we make conclusions based on the discussions and analysis. 
2 CSI Measurement and Reporting Options for NAICS
CSI measurement options can be generally classified into the following categories with and without explicit modelling  of advanced receiver options in the feedback:
· Clean CSI: when UE reports CSI, it assumes perfect receiver interference cancellation/suppression. This is similar to Option 1-1 and 1-2 from last meeting but with ideal cancellation/suppression for CSI feedback. Typically, this reflects an optimistic CSI. 
· Non-clean CSI: when UE reports CSI, it does not consider its advanced receiver interference cancellation/suppression capability. This is Option 1-3 from last meeting. Typically, this reflects a pessimistic CSI. 
· Hybrid CSI: when UE reports CSI, it accounts for the advanced receiver interference cancellation/suppression capability. This is similar to option 1-1 from last meeting. This CSI report is reflecting the performance of the advanced receiver with reasonable complexity. 
We will analyse the details of these options in the subsequent sections.  
2.1 Reporting Non-clean CSI for CRS Based Reporting
The current reporting mode for a UE without NAICS capability is based on the following mechanism to calculate the  CSI:
· Signal is estimated from the serving cell CRS
· Nt is estimated based on the interference seen on CRS tones
Note that when there is partial loading, the Nt from CRS tones and data tones can be different. From this perspective, the mismatch between CSI feedback and the actual performance exists even without NAICS operation. 

With NAICS, one CSI feedback option is to maintain the non-clean CSI feedback. As we show in the next section, with no change of  existing outer loop operation (10% error rate, limited outer loop range, like +-7dB), different CSI report options show gain over the no data IC case.

Observation 1:
· With a conservative reporting of non-clean CSI, users with NAICS receiver can still achieve throughput gain.  
2.2 Reporting Clean or Hybrid CSI for CRS Based Reporting

With NAICS, the alternative CSI feedback option is to reflect the NAICS capability in the CSI feedback. 

· The signal strength is estimated based on serving cell CRS

· The Nt estimation will reflect the UE’s advanced receiver capability, e.g. 

· Depending on the receiver type, i.e. R-ML/SLIC/EMMSE-IRC, Nt will reflect the cancellation/suppression capability of the receiver
The difference from the non-clean CSI is that:

· CSI reporting considering UE’s advance receiver capability

· When the reporting captures advanced receiver gain, there is less dependency on eNB outer loop implementation
· NAICS gain is achieved through both accurate CSI feedback and enhanced demod performance as shown in the next section
Observation 2:
· Accurate clean CSI reporting should capture advanced receiver gain. NAICS gain is reflected in both CSI feedback and demod improvements. 
3 Performance Results Comparing Different CSI Feedback
3.1 Simulation Assumptions

To evaluate the sensitivity of system level throughputs to CSI reporting we consider a NAICS TM4 deployment. We enable CRS-IC for three interferers and SLIC for the strongest CRS-IC cell that is sending data. For demodulation, the TPR and spatial scheme of all interferers is assumed to be known perfectly at the UE, in particular, genie aided detectors for SLIC are assumed. 

We consider FTP Traffic Model 1 with 2 Mbyte, 0.5 Mbyte and 100Kbyte packets. The outer loop at the eNodeB has a range +7.0dB to -7.0dB and the termination target is set to 10%. No averaging is applied for CSI for these simulations. In the HetNet deployments, the pico cells are assigned CRS offsets at random. For Macro only deployment, the cell ID selection is according to the 3GPP methodology with both colliding and non-colliding CRS across cells.  

We consider two kinds of CSI reporting 

1. Unclean CSI: The interference estimate used for CSI computation is interference on the CRS tones
2. Clean CSI: The interference estimate for CSI computation is obtained from the interference estimate used for unclean CSI by subtracting the contribution of the strongest RS-IC cell if it is a colliding RS cell.
3. Hybrid CSI: The interference estimate used for CSI computation models imperfect PDSCHIC cancelation of a cell. The interference estimate is matched to the interference estimate used for demodulation.
Simulation assumptions not explicitly mentioned are in accordance with the 3GPP methodology.

3.2 Simulation Results

In Figures 1, 2 and 3 below, we show the sensitivity of the 5-percentile and median user perceived throughput to FTP packet sizes of 2 MByte, 0.5 MByte and 100 KByte respectively for NAIC Scenario 1. In each figure we consider different offered loads. Offered loads of 5Mbps and 8Mbps per macro cell area correspond to an approximate median macro cell loading of 40% and 60% respectively.
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Figure 1: NAIC Scenario1, 2MB packets: Sensitivity of median and 5 percentile User Perceived Throughput to CSI at different cell loads
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Figure 2: NAIC Scenario1, 0.5MB packets: Sensitivity of median and 5 percentile User Perceived Throughput to CSI at different cell loads
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Figure 3: NAIC Scenario 1, 100KB packets: Sensitivity of median and 5 percentile User Perceived Throughput to CSI at different cell loads

In Figures 4, 5 and 6 below, we show the sensitivity of the 5-percentile and median user perceived throughput to FTP packet sizes of 2 MByte, 0.5 MByte and 100 Kbyte respectively for NAIC Scenario 1. In each figure we consider different offered loads. Offered loads of 20Mbps and 33Mbps per macro cell area correspond to an approximate median macro cell loading of 40% and 60% respectively.
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Figure 4: NAIC Scenario 2, 2MB packets: Sensitivity of median and 5 percentile User Perceived Throughput to CSI at different cell loads
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Figure 5: NAIC Scenario 2, 0.5MB packets: Sensitivity of median and 5 percentile User Perceived Throughput to CSI at different cell loads
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Figure 6: NAIC Scenario 2, 100KB packets: Sensitivity of median and 5 percentile User Perceived Throughput to CSI at different cell loads
From these results, we make the following observations:
Observation 3:
· Hybrid CSI reporting outperforms both clean CSI report and non-clean CSI report. 
Further note that the hybrid reporting is the same default CSI reporting behavior according to 36.213.
4 Conclusions
In this paper, we presented our view on the CSI feedback enhancements for NAICS. We make the following observations and proposals for NAICS CSI feedback: 
Observation 1:
· With a conservative reporting of non-clean CSI, users with NAICS receiver can still achieve throughput gain.  
Observation 2:
· Accurate clean CSI reporting should capture advanced receiver gain. NAICS gain is reflected in both CSI feedback and demod improvements. 
Observation 3:
· Hybrid CSI reporting outperforms both clean CSI report and non-clean CSI report. 
Based on these observations, we make the following proposal:

Proposal:
· UE should capture its advance receiver gains into CSI computation.
· No need to change the default behavior according to current CSI definition in 36.213

· CSI feedback complexity should be taken into account in RAN4 performance spec definition. 
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