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1 Introduction

A WI on NAICS for LTE was approved in RAN#63 [1].  One of the objectives of this WI is:
· (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.
This contribution discusses some considerations on CQI reporting for NAICS.
2 Discussions
NAICS aims at reducing the downlink interference at the UE.  This reduction in interference would theoretically enable higher throughput.  However, the TBS that is scheduled to a UE is usually based on the CQI reported by that UE.  If the UE reports a pre-NAICS CQI (i.e. CQI based on no interference cancellation), the benefit of reduced interference offered by NAICS cannot be utilised.  Alternatively, the UE may report a post-NAICS CQI (i.e. CQI based on interference being cancelled), but interference cancellation and suppression is not perfect and is subject to the characteristics of the interferer.  A CQI based on the assumption that interference will be able to be cancelled or suppressed may result in the eNB scheduling a large TBS which the UE may not be able to decode if the interference cancellation or suppression fails, which would actually degrade the performance rather than improving it.
There are a number of aspects relevant to generating CQI for NAICS:

1) Which interferer(s) the UE cancels/suppresses
It is of course up to UE implementation which interferer(s) it wishes to cancel/suppress in each subframe. The CQI value will typically depend on which interferer(s) the UE assumes it can cancel/suppress, and the ability of the UE to cancel/suppress each interferer may depend on the modulation scheme scheduled by each interferer (at least with R-ML and SLIC receivers; for CWIC receivers (which are not in the scope of the current WI) the ability to cancel interference would also depend on the code rate).
2) The amount of interference that can be potentially cancelled/suppressed
When deriving CQI, the UE would have to make an assumption on the amount of interference it can cancel/suppress. This would depend on its ability to estimate the channel from the interfering cell(s), and the interference-to-noise ratio of the interfering cell(s). 

3) The probability of being able to remove that interference

The probability of successful NAICS operation depends again on UE implementation and also receiver type.  In addition to this, the interferer’s MCS, TBS and power have an impact on this probability. (For a CWIC receiver, the probability will depend on whether the victim UE can reliably decode the interfering signal.)
The CQI definition as described in [3] is as follows:

· Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition: 

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1.
Based on the CQI definition, the probability of successfully cancelling/suppressing interference can be taken into account during the “unrestricted observation interval.”  The UE can determine the MCS and TBS with and without successful NAICS given the observed interference and work out a weighted average MCS and TBS based on the probability of successful NAICS.  This would provide a MCS and TBS that would conform to a block error rate of 0.1 on average over time; the detailed method for deriving the probability of successful cancellation and the averaging can be left to UE implementation.  This can be transparent to the eNB.  However, new performance requirements would be needed in RAN4 for a NAICS capable UE.  

Proposal 1: The probability of successful interference cancellation/suppression should be taken into account by the UE in determining the CQI.

3 Conclusion

In this contribution we discuss some considerations in CQI reporting for NAICS and we propose:
Proposal 1: The probability of successful interference cancellation/suppression should be taken into account by the UE in determining the CQI.
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