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1 Introduction
In this contribution, we present our view on CSI measurement and reporting for NAICS. In RAN plenary meeting #63, the WID for NAICS has been approved with the following item on potential CSI enhancements:
· (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.
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 two 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 two categories with and without explicit modeling of advanced receiver options in the feedback:
· Option 1: reporting non-clean CSI, i.e. when UE reports CSI, it does not consider its advanced receiver interference cancellation/suppression capability

· Option 2: reporting clean CSI, i.e. when UE reports CSI, it already takes into account of advanced receiver interference cancellation/suppression capability

We will analyse the details of these two options in the subsequent sections. The discussions in Sections 2.1 and 2.2 mainly focus on the TMs that rely on CRS for CSI feedback, while in Section 2.3, we will discuss feedback mechanisms that rely on CSI-RS and IMR. 
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 SINR:
· Signal is estimated from the serving cell CRS
· Other cells’ CRS are treated as interference for Nt calculation
Note that when there is partial loading, there may be a mismatch of Nt:

· Other cell interference is included in Nt calculation for CSI reporting
· However, interference from neighbor cell may be absent when users are not scheduled on the same RBs 
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. The gain from advanced receiver will come from the following two factors:

· Early termination gain: advanced receiver with interference cancellation/suppression will benefit from early termination even for short bursty traffic
· Outer loop adjustment: for longer burst or full buffer traffic, further gain can be achieved through eNB outer loop for rate control. 
Observation 1:
· With a conservative reporting of non-clean CSI, users with NAICS receiver can still achieve early termination gain and additional throughput gain with eNB outer loop adjustment. 
2.2 Reporting Clean 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, the reporting 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 CSI reporting is accurate, there is less dependency on eNB outer loop implementation

Observation 2:
· Accurate clean CSI reporting will depend on receiver type and implementation.  
2.3 CSI Reporting Based on CSI-RS and IMR
So far, we discussed NAICS CSI reporting based on CRS. In this section, we discuss CSI feedback that relies on other signals. 

For TM10, for example, the channel is estimated based on CSI-RS and Nt is estimated based on IMR. In this case, the UE can simply follow the eNB scheduled CSI-RS and IMR for channel and interference measurements.  There is no need to specify different behavior for UE’s CSI reporting. 
Observation 3: 
· For TM10, where feedbacks are based on CSI-RS and IMR, NAICS UE can follow the same reporting mechanism as already defined for Rel-11 non-NAICS UEs.   
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 where the CRS of all cells have the same offset, i.e., a colliding CRS only 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. This choice of CRS offsets and knowledge of interferer transmission parameters for demodulation was chosen to emulate a TM9 deployment with a TM4 based simulation framework. 

We consider FTP Traffic Model 1 with 0.5Mbyte and 2 Mbyte packets. The outer loop at the eNodeB has a range +7.0dB to -7.0dB.  We consider two kinds of CQI reporting 

1. Unclean CQI: The interference estimate used for CQI computation includes contribution from all cells in the deployment irrespective of whether they are sending data. A Unitary precoding matrix and a TPR of 0dB is assumed for each interferer.

2. Clean CQI: The interference estimate is constructed as above but with the key difference that three strongest CRS-IC interfering cells do not contribute to the interference estimate. Although SLIC is performed only for the strongest CRS-IC interferer that is sending data on a given resource block pair, we exclude the contribution of the top three interferers. On one hand this creates a mismatch between the interference estimate used for demodulation and that used for the clean CQI report. On the other hand, this makes the CQI report less noisy by removing the dependence on the transmission parameters (i.e., rank, modulation order) of the cell being canceled. Moreover, the cell being canceled may vary from one CQI subframe to the other. 

Simulation assumptions not explicitly mentioned are in accordance with the 3GPP methodology.

3.2 Simulation Results
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Figure 1: Sensitivity of 5 percentile User Perceived Throughput to CQI at different cell loads
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Figure 2 Sensitivity of median User Perceived Throughput to CQI at different cell loads

The offered loads of 20, 30 and 40Mbps correspond to a macro loading of 27%, 45% and 70% respectively. For this colliding CRS deployment and choice of clean/unclean CQI reports, we observe that smaller FTP packet sizes are in general more sensitive to the type of CQI report than larger packer sizes. Moreover, at low loads, clean CQI is preferable, whereas at higher loads, the gap between the two reporting schemes diminishes. 
4 Conclusions
In this paper, we presented our view on the CSI feedback enhancements for NAICS. We make the following observations for NAICS:

Observation 1:
· With a conservative reporting of non-clean CSI, NAIC receiver can still achieve early termination gain and additional gain with eNB outer loop adjustment. 
Observation 2:
· Accurate clean CSI reporting will depend on receiver type and UE implementation.  

Observation 3: 
· For TM10, where feedbacks are based on CSI-RS and IMR, NAICS UE can follow the same reporting mechanism as already defined for Rel-11 non NAICS UEs.   
5 References

[1] R4-134454, “WF on NAICS Receivers”, MediaTek, Orange et. al, Barcelona, Spain, August 19-23, 2013.
[2] R4-133630, “Summary of E-mail discussion on NAICS Interference Modeling”, MediaTek, Barcelona, Spain, August 19-23, 2013.
[3] R4-133627, “Summary of Geometry Calibration and Simulation Setting”, MediaTek, Barcelona, Spain, August 19-23, 2013.
[4] R4-134476, “WF on On/Off model”, MediaTek, Orange et. al, Barcelona, Spain, August 19-23, 2013.
[5] R4-132017, “WF on NAICS Receiver Terminology”, Qualcomm, Broadcom, et. al, RAN4 #66bis, Chicago, April 15th -19th, 2013. 

[6] R4-134293, “SLIC Receiver Performance with Genie / Blind Interference Detection”, Qualcomm, RAN4 #68, Barcelona, Spain, August 19-23, 2013.

[7] R1-140475, “Evaluation Results for NAIC”, Qualcomm, RAN1 #76, Prague, February 2014. 
PAGE  
1/5

