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1. Introduction
The discussion on NAICS CSI testing was started in RAN4 #72bis. One of the discussion points was the feasibility of post-IC CQI calculation, but no conclusion was reached. It was only agreed that CSI performance definition for receiver types are for further discussion [1]. In this contribution we discuss NAICS post-IC CQI calculation and the related specification and testing impacts.
2. Background
An agreement from RAN1 #78 states the following on NAICS CSI reporting [2]:

· In Rel-12, there is no change to the current CQI definition for NAICS CSI reporting.  

· Note that the UE would take into account any NAICS gains into the CQI derivation and it is up to RAN4 whether a new test case is required

· If RAN4 performance part does not find a feasibility of above note, this agreements do not preclude possibilities of RAN1 specification change
Based on the agreement, it is up to RAN4 to study the feasibility of NAICS post-IC CQI reporting with the current CQI definition and the need for new NAICS CSI tests. In our previous contribution [3], we have identified two main issues with NAICS CQI reporting, assuming the current CQI definition:
1. The current CQI definition does not provide a UE with a proper estimation resource for the interference parameters. The UE is allowed to use CRS for interference estimation, but this resource does not guarantee visibility to interferer PDSCH parameters. Hence, there is no reliable way of deriving NAICS CSI that would be consistent with the CQI definition.

2. UE implementation –specific methods for estimating NAICS CSI may violate the existing specification on CSI reference resource.
Our view is that if post-IC CQI reporting is required from NAICS-enabled UEs, the current CQI definition as given in TS 36.213 [4] is not sufficient. In the next section, we discuss the possible ways of NAICS post‑IC CQI derivation from the perspective that the CQI definition is revisited. 
3. Deriving post‑IC CQI for NAICS
Reporting post-IC CQI requires the UE to determine the NAICS efficiency or in other words the gains in reported CQI brought up by PDSCH interference cancellation. One way to do this is to estimate the received power level and the PDSCH parameters of an interfering cell. As it was described in our earlier contribution [3], the current CQI definition allows the UE make observations on the serving cell CRS. However, if the dominant interferer has colliding CRS, there is no visibility to the interferer PDSCH parameters. Furthermore, the non-colliding CRS case is not without issues either, due to the poor channel estimation quality of both the serving and interfering cells. To allow the UE to have sufficient visibility to the interferer PDSCH parameters, additional resources are needed. 
One option is to use the interferer PDSCH parameters, detected during the demodulation phase. However, if a UE is not scheduled for an extended period of time, the detected PDSCH parameters become outdated. To have up-to-date estimate of the NAICS efficiency, UEs require frequent scheduling. Also, deriving a wideband CQI may have inaccuracies, if the UE gets only narrowband PDSCH allocations. Still, allowing the UE to use PDSCH parameter information from the demodulation stage enables estimation of NAICS efficiency.
A second option could be to adjust the NAICS efficiency in CQI calculation, based on the observed block error rates during demodulation. In a long run 10% BLER target could be achieved. In a sense, this is a UE-side equivalent of open-loop link adaptation, allowed by CRC-check information from the demodulation stage. One issue is how the NAICS CQI is calculated during initial transmissions, when there is not enough PDSCH history data available. Obviously, the algorithm requires some to time to stabilize, before the BLER target can be met. 
In addition to these two options, other methods for NAICS efficiency determination could be possible if the UE is allowed to use information from the PDSCH demodulation stage in CQI derivation. However, as we described in our earlier contribution [3], with the current CQI definition, relying on such additional information is not allowed, as it conflicts with the definition of the CSI reference resource. Depending on the eNodeB scheduling decision, NAICS efficiency estimate may be based on observations that are completely outside of the given CSI reference resource.

Observation 1: 
The current CQI definition does not allow a UE to calculate NAICS post-IC CQI, based on information from PDSCH demodulation stage.
If it is deemed necessary to allow the UE with PDSCH demodulation information in CQI calculation, the CQI definition needs to be changed. This is a RAN1 issue, as there is a direct effect to TS 36.213, but the feasibility of such CQI reporting method could be studied in RAN4. RAN4 can also discuss alternative methods for NAICS post-IC CQI derivation. The goal is to have a well-defined and predictable behavior among UEs. Based on the discussion, we propose the following:
Proposal 1: 
RAN4 should discuss the feasibility of NAICS CQI, based on information from PDSCH demodulation stage. Other methods are FFS.
Proposal 2: 
For NAICS CQI, a well-defined and predictable behavior among UEs is targeted.
The current agreement in RAN1 states that a UE would take into account any NAICS gains into the CQI derivation. If RAN4 cannot find consensus on the UE behavior for NAICS post-IC CQI calculation, it is necessary to inform RAN1 that their current assumption is not feasible.
Proposal 3: 
If RAN4 cannot agree on the feasibility for deriving NAICS post-IC CQI, RAN1 needs to be informed that their current assumption is not valid.
4. Conclusion 
In this contribution we discussed NAICS post-IC CQI calculation and the related specification and testing impacts. Based on the provided discussion, we make the following observations:
Observation 1: 
The current CQI definition does not allow a UE to calculate NAICS post-IC CQI, based on information from PDSCH demodulation stage.
We conclude on the following proposals:

Proposal 1: 
RAN4 should discuss the feasibility of NAICS CQI, based on information from PDSCH demodulation stage. Other methods are FFS.
Proposal 2: 



For NAICS CQI, a well-defined and predictable behavior among UEs is targeted.

Proposal 3: 
If RAN4 cannot agree on the feasibility for deriving NAICS post-IC CQI, RAN1 needs to be informed that their current assumption is not valid.
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