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1. Introduction
RAN1 #78 agreement states the following related to NAICS CSI reporting [1]:

· 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
The implications of the RAN1 agreement on RAN4 work have been discussed in the past two RAN4 meetings without a concrete way forward. In this contribution, we discuss the necessity of defining a reference UE behavior for NAICS CQI derivation.

2. CSI tests and reference UE receiver behavior
A CSI test is intended to verify that the UE correctly follows the agreed UE behavior for CSI derivation. For CQI, the behavior is specified in 36.213 [2]. However, as discussed in our earlier contributions [3]
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[4], the current definition alone is insufficient for NAICS CQI derivation. The UE is allowed to use cell-specific reference signals (CRS) for interference estimation, but that resource does not always guarantee visibility to interferer PDSCH parameters. Secondly, UE implementation specific methods, e.g. PDSCH demodulation history information for CQI adjustment, may violate the specification of CSI reference resource, i.e. the time and frequency resource, on which the reported CQI matches the PDSCH demodulation performance.
Based on only the current CQI definition and the RAN1 agreement on NAICS CSI reporting, it is difficult to create a meaningful post-IC CQI test. The UE cannot derive post-IC CQI based on CRS-only interference estimation, while complying with the CSI reference resource definition. A CQI test would only verify the average BLER while disregarding the UE’s interference estimation resource and compliance with the reference resource definition. In fact, interference estimation resource and reference resource would be UE implementation specific, which is highly undesirable from scheduling perspective. As a consequence, an individual CQI report would not be well-defined.
Observation 1: 
The current CQI definition is insufficient for consistent NAICS CQI reporting.
To guarantee unambiguous NAICS CSI reports, a clear description of UE behavior for deriving NAICS CQI is needed. The RAN1 agreement on NAICS CSI allows specification change, but if it is deemed unnecessary, RAN4 can still define the UE behavior as a part of the NAICS reference receiver assumption. A common understanding of the UE CQI behavior allows RAN4 to decide on a concise set of NAICS CQI tests. Adopting this procedure, i.e. agreeing on the UE behavior first and then creating the tests, is preferable.
Observation 2: 
A clear description of UE behavior for deriving NAICS CQI is needed, in order to have consistent CQI reports among all UEs.
In RAN4, it has been proposed to introduce a set of NAICS CSI tests without defining the reference UE behavior. The tests themselves would then guide the UE behavior. This methodology may seem easier as the discussion on UE behavior could be skipped, but it is not without drawbacks. At least the following issues can be envisioned:

· Increased number of tests, due to the large number of CQI transmission schemes (single-antenna, transmit diversity, large delay CDD, closed loop spatial multiplexing).

· Difficulty to agree on test parameters, as the specific UE functionalities are unspecified. Also, simple functional tests cannot be introduced.
· If there is no test for a transmission scheme and parameter combination, the UE behavior is left undefined.

To conclude, we view that for NAICS CSI, the reference UE behavior should be specified, before discussing specific CSI tests.
Proposal 1: 

Reference UE behavior for deriving NAICS CQI should be agreed, before discussing specific CQI tests.
3. Pre-IC or post-IC CQI
In our earlier paper [4], we discussed possible methods of deriving post-IC NAICS CQI. These included re-using information from PDSCH parameter detection phase and NAICS efficiency estimation based on observed block error rates. However, there was no conclusion on the feasibility of any of those methods. A well-defined method of post-IC CQI calculation could be specified as the UE reference behavior, assuming that RAN4 can reach consensus on its technical feasibility.
Observation 3: 
If RAN4 agrees that post-IC CQI is reported by a NAICS UE, the method for deriving the CQI needs to be well-defined.
However, if post-IC CQI is deemed unfeasible, the other option would be to use pre-IC CQI (LMMSE-IRC CQI) for NAICS. In the previous RAN4 meeting, some companies proposed pre-IC CQI for the UE reference behavior [5]
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[6]. It is the simplest way of achieving unified UE CQI behavior, with some implications to the eNodeB scheduler. Due to scheduler impact, input from network vendors would be valuable.
Considering the total number of NAICS CSI tests, adopting pre-IC CQI would require the least number of tests, if any. This would allow concentrating more effort on demodulation testing, helping with a timely finalization of the NAICS performance work.
Observation 4: 
Adopting pre-IC CQI reporting for NAICS will reduce the number of NAICS CSI tests. It will also help with a timely finalization of the NAICS performance work.
4. Conclusion 
In this contribution, we discussed NAICS CSI. We made the following observations and proposals on reference UE behavior for NAICS CQI reporting:
Observation 1: 
The current CQI definition is insufficient for consistent NAICS CQI reporting.
Observation 2: 
A clear description of UE behavior for deriving NAICS CQI is needed, in order to have consistent CQI reports among all UEs.
Proposal 1: 

Reference UE behavior for deriving NAICS CQI should be agreed, before discussing specific CQI tests.
On the choice between pre-IC and post-IC CQI reporting for NAICS, we observed:

Observation 3: 
If RAN4 agrees that post-IC CQI is reported by a NAICS UE, the method for deriving the CQI needs to be well-defined.
Observation 4: 
Adopting pre-IC CQI reporting for NAICS will reduce the number of NAICS CSI tests. It will also help with a timely finalization of the NAICS performance work.
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