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1. Introduction
The Work Item description NAICS lists the following as one objective:
•
 (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.

In this contribution we discuss the required specification changes for NAICS CSI, in particular highlighting the need of minimum specification changes that should at least be introduced for NAICS in order to ensure the inter-operability of the UE and eNB in the link adaptation process.

2. Discussion
Ongoing discussion in RAN1 on NAICS CSI is related to whether CSI enhancements should be introduced for NAICS, enabling the UE to capture the NAICS demodulation gains also into the CSI report. In [1], we have discussed the related challenges and some possible solutions for enabling the UE to calculate a CSI report that captures the expected NAICS gain in demodulation.
CQI definition in TS 36.213 reads 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.“
In addition, the reference signals to be used for channel measurements for CQI purposes are strictly specified. Also it is specified that in TM10 the UE shall derive the interference measurements for computing the CQI only based on configured CSI-IM resources. For TM1-9, the reference for interference measurements is not specified in the RAN1 specifications, however it is implicitly assumed by the RAN4 performance requirements that the UE does its interference measurements using CRS in this case.
All the above things are specified to 1) ensure the testability of CQI and 2) to make sure that the UE calculates the CSI exactly in the way that the eNB is expecting, in other words, to ensure the inter-operability of the UE and the eNB in the link adaptation process. 
In case of NAICS, basically if nothing additional is specified for NAICS CSI, in principle the UE should follow existing CSI definitions and thus do its best to report CQI that reflect NAICS demodulation gains such that the 10% BLER condition is met as well as possible. However, as it has been noted in many contributions submitted to RAN1#76bis, without any CSI feedback enhancements, the possibilities of the UE to meet the CQI definition are very limited (see [1] for more thorough analysis). In particular, in CRS-based transmission modes, the quality of interfering cell channel estimation may be poor, or the CRS are colliding in which case the UE has no visibility from the CRS to the spatial structure and PDSCH parameters of the interferer. In general, without any CSI feedback enhancements, it does not seem feasible to require the UE to meet the CQI definition, and hence to develop specific performance requirements for NAICS CSI. 
Observations:
· Without any NAICS CSI feedback enhancements, it is extremely complex or even practically infeasible for the UE to meet the existing CQI definition.
· Therefore, in such case: 
1. it cannot be required that the UE meets the CQI definition in case of NAICS.
2. there cannot be specific performance requirements for NAICS CSI.
In such unfortunate case, some UEs might simply report the CSI as before, i.e. without considering network assistance (NA) information, while some other UEs might anyway do their best effort to still meet the 10% BLER target, i.e. to report CQI as per the CQI definition, taking into account the NA information similarly to the demodulation phase. Furthermore, some UEs might even have different behavior depending on whether the CRS are colliding or non-colliding, as in particular in colliding CRS case post-CRS-IC CSI would reflect CSI corresponding to nearly ideal PDSCH-IC reception. Thus from the overall network operation point of view as well as from UE implementation point of view, this leads to the worst possible situation where the CSI is not well-defined.
From the network perspective, it would be important to be aware of the type of CSI the UE is reporting, as with that knowledge, the network could try to compensate for the potential mismatches or to adjust OLLA operation. For instance, as shown in [2], SLIC receivers may cause significant fluctuations of several decibels in the demodulation capability. If the eNB would be aware that the UE is reporting only the normal (non-NAICS) CSI and that the UE is on the other hand NAICS-capable and utilizing the NA information in demodulation, it could be possible to compensate for the mismatch in the link adaptation to some extent. In particular in coordinated networks in which the eNB may be even aware of the scheduling decisions in the interfering cell, such adjustments could be beneficial. From the UE point of view on the other hand, it would be important to be aware of what type of CSI the network might be expecting. If the type of CSI is not specified, there would be a probability of implementing CSI reporting functionality that is mismatched with the type of CSI that a particular network is expecting.
Based on the above discussion, we believe that even if NAICS CSI enhancements would not be agreed, a minimum specification effort is required to specify the type of CSI that is expected from the UE in case that the UE is taking advantage of the NA information and thus performing NAICS in demodulation. This is to avoid ambiguities both at the eNB side in the link adaptation process, as well as at the UE side in the CSI implementations.
Observations:

· Not having performance requirements may lead to different UE behaviors in terms of NAICS CSI feedback.
· CQI needs to be well-defined to avoid ambiguities, in particular:
1. to ensure that different UEs are reporting same type of CQI, known by the eNB.
· e.g. either taking IC into account or not.

2. to provide guidance to UE implementations regarding what type of CQI feedback might be expected by the eNB and therefore should be implemented.
Our first preference would be to actually consider CSI feedback enhancements, enabling the UE to capture the NAICS demodulation gain into the CSI reports. We have discussed some potential approaches to this in a companion contribution [1]. If no consensus can be found on any of the enhancements, the simplest way may be to specify that the UE shall not take NA information into account at all during CSI calculations. The UE anyway will still need to meet the existing performance requirements which, obviously, do not take into account availability of side information about the interfering transmissions.
3. Conclusion 
In this contribution we have discussed CSI enhancements for NAICS, and in particular the importance of actually specifying how the CSI is expected to be calculated at the UE side, e.g. with IC or without IC, even if no other enhancements are specified. Our first preference would still be to specify some enhancements to enable the UE to capture the NAICS demodulation gains in the CSI reporting. However, if nothing can be agreed on such enhancements, in the minimum we propose to specify the type of CSI that the UE is supposed to be reporting.
Proposals:
· Strive to enable the UE to capture the NAICS demodulation gains into the CSI report.
· I.e. to specify NAICS CSI enhancements.

· If consensus cannot be reached on CSI feedback enhancements for NAICS, specify that the UE shall not take network assistance information into account in CSI feedback calculation.
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