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1. Introduction

Until the RAN1 #75 meeting several issues about NAICS were treated, and NAICS performance is under verification through link/system level simulations in both RAN1 and RAN4. However, the CQI calculation methods used by each company are not discussed in spite of its importance. Although NAICS UE can cancel or suppress interference well, it does not guarantee throughput gain if the NAICS result is not captured precisely by CQI, and current CQI calculation methods are not appropriate for NAICS[1]. Therefore CQI calculation method including NAICS effects is crucial, and should be studied further. This contribution includes some suggestion and discussions about the issues for the calculation method of CQI.
______________________________________________________________________
2. Enhanced CQI calculation for NAICS
IMR was introduced in Rel 11 for CoMP for CQIs in various interference scenarios. Rel 11 UEs can measure interference power in IMR which is muted by certain TP(s) and calculate CQI for feedback, and it enables more accurate CQI calculation providing interference-free CQI from certain TP(s). 
One simple way to calculate CQI capturing the NAICS effect is to use IMR as CoMP UEs do. But, it seems inappropriate to NAICS UEs as explained in below. To support this approach, we can assume that a dominant interference cell may configure zero-power CSI-RS at IMR in order to provide interference measurements after interference cancellation with NAICS. In this situation, measured interference power is as follow:
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where 
[image: image2.wmf]0

I

 means interference power for calculating CQI , and 
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 means that received signal power measured in the IMR. It can cause 2 problems:
1) CQI overestimation: IMR measurements cannot reflect residual interference due to imperfect NAICS.
2) Increased CSI process number and feedback overhead: CSI processes for NAICS CQI feedback are required to be configured with the number of dominant interferences, probably in addition to the CSI processes for CoMP. For example, if there is a NAICS UE, which is capable of canceling interference from a single cell and which suffers strong interference from two dominant interference cells, e.g. cell 1 and cell 2, two CSI processes with different IMR should be configured in order for the UE to report two CQIs, each of them indicating achievable MCS after canceling interference from cell 1 or cell 2. If the serving cell configures just one CSI process to the UE so that it can report only one of the two CQI, it misses an opportunity to cancel the interference from one of the cells.
Therefore, it will be desirable to calculate CQI in a different way from the conventional CQI calculation described above. If properly designed, it would fix the CQI overestimate problem, and also decrease the number of required CSI processes. Following methods can be considered as a way for measuring
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· Method 1: CQI calculation based on interference channel estimation.
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 is a coefficient that emulates how much the interference can be eliminated by NAICS. It can be determined from lookup table correspond to 
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 which can be measured by RSs from desired and interfering cell, respectively, and to modulation order of desired cell and interference cells if possible. There are three ways to calculate 
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 according to which RS is going to be used among several RSs that the interference cell transmits.
· Alt 1: use CRS to calculate
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In this case, interference channel matrix 
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 is estimated from CRS that the interference cell transmits. However, power ratio of PDSCH EPRE to CRS EPRE deriving from 
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, and precoding 
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 cannot be known by NAICS UE when calculating 
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. In addition, this method cannot be used in CoMP scenario 4 in contrast to Alt 2 and 3, since the UE is not able to discriminate CRS from different TPs with the same cell ID.
· Alt 2: use CSI-RS to calculate 
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In this case, interference channel matrix 
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 is estimated from CSI-RS that the interference cell transmits. Power ratio 
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 and precoding 
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 is unknown to NAICS UEs when calculating 
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 as Alt 1. As mentioned above, Alt 2 can be used in CoMP scenario 4 since different CSI-RS is employed by interfering TPs with the same cell ID.
· Alt 3: use DM-RS to calculate 
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Alt 3 does not require power ratio and precoding vector 
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 to calculate 
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. As mentioned above, like Alt 2, Alt 3 can be used in CoMP scenario 4 too. However, DM-RS is only available in TM 8, 9 and 10, and Alt 3 can be only used in RBs using those TMs so that Alt 3 seems not appropriate.
Also, it is important to capture the traffic load of the interference cell into CQI for accuracy. In practice, it is unlikely that each cell always has DL traffic so that it seems not reasonable for the UE to calculate CQI with method 1 under the assumption of full load. It also have problem of inaccuracy in emulating residual interference with coefficient 
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Observation 1 : CQI calculation based on interference channel estimation can estimate NAICS CQI, but there may be some inaccuracy in emulating residual interference after NAICS, and precoder and traffic load of the interfering cell are not reflected in CQI calculation.
· Method 2: CQI calculation based on interference channel estimation with NA information.
Method 2 is similar with method 1 in that 
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 is calculated from RS of the interfering cell but it would improve the accuracy in estimating 
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 by taking advantage of network assistant signaling for such interference parameters as power ratio, PMI, and traffic load. However, it also have some inaccuracy in emulating residual interference with coefficient 
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, too.
Observation 2 : CQI calculation based on interference channel estimation with NA information can estimate NAICS CQI and better accuracy than method 1, but requires radio resource to transmit NAICS information, and still has some inaccuracy in emulating residual interference after NAICS.
· Method 3: CQI calculation based on IMR after NAICS.
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In method 3, the UE measures interference power from IMR, after conducting NAICS at the IMR RE if interference exists. To be specific, if there are data from interfering cell at a RB, NAICS UE performs NAICS at the IMR RE on that RB, and then measures interference power from the IMR. If there is no interfering data symbol, the UE can directly measure interference power at the IMR without conducting NAICS. 
As a result, residual interference and traffic load is measured accurately. However, it requires whole band NAICS which causes high UE complexity, since IMR is spread to whole system bandwidth. Moreover, the UE actually conducts NAICS before measuring interference power at IMR, so it should know interference parameters through signaling, coordination, or blind detection.
Observation 3 : CQI calculation based on IMR after NAICS can estimate NAICS CQI with high accuracy, but requires further interference information and causes high UE complexity.
As seen above, current CQI calculation method does not capture the effect of NAICS well, and will undermine performance of NAICS UEs if it is applied directly. We showed some methods that can reflect the effect of NAICS better, and expect that it would be the good starting point for the discussion for NAICS CQI calculation methods.
Proposal : CQI calculation methods for NAICS UE feedback requires further study in order to capture the effect of NAICS accurately.

3. Conclusion
In this contribution, we discussed the CQI calculation to capture the effect canceling or suppressing dominant interferences, and listed possible methods. Since conventional CQI calculation methods are not appropriate as NAICS CQI as described above, further study is required to measure and calculate accurate CQI for NAICS UEs.
Proposal : CQI calculation methods for NAICS UE feedback requires further study in order to capture the effect of NAICS accurately.
______________________________________________________________________
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