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1. Introduction
In this contribution, we address the issue of deriving CSI properly in NAICS and briefly discuss how the specification of pre-NAICS CSI could possibly be done.
2. Discussion
Deriving and handling CQI in NAICS properly have turned out to be complicated for multiple reasons:
· Reporting CQI in accordance with current definition would require a NAICS UE to acquire information of the interfering PDSCH parameters even when it is not being scheduled any data, implying that a NAICS UE would need to be able to cancel transmitted PDSCH from serving cell aimed at other UEs
· A UE configured with TM10 shall measure interference on the CSI-IM where the interference is of unspecified origin with possibly no relation to other transmitted signals
· A UE measuring interference on CRS resources when deriving CSI will in scenarios with colliding CRSs observe interference that have no relation to interfering PDSCH
· CQI reflecting the demodulation SINR of a NAICS receiver may fluctuate considerably in time as the interference mitigation efficiency can be sensitive to the characteristics of the interfering PDSCHs
· This put challenges to the outer-loop link adaptation

· Fluctuating CQI occurs today in typically low loaded networks but the consequences of occasionally using too optimistic MCSs in such scenarios would be considerably milder in comparisons to scenarios with high system load 
The difficulty to derive CSI properly in NAICS has been recognized by many companies and commonly the NAICS system evaluation results captured in the TR 36.866 were based on CSI reporting that does not take into account the NAICS functionality. Instead the NAICS UE reports CSI as being a non-advanced UE (e.g. being LMMSE capable only) and then relies on the outer-loop link adaptation to make proper MCS adjustments. Evidently, this is far from being an ideal way to handle the link adaptation as the outer-loop typically operates on rather slow basis in order to capture any systematic CQI differences in what the UE reports and what the eNB experiences.
In the last RAN1 meeting, some proposals were made on how to handle CSI in NAICS. For example, in [1] it was proposed to consider extending CSI reference resource definition to the resource allocation of the scheduled PDSCH. However, such an approach would evidently not be applicable to TM10 where interference is intended to be measured on well specified CSI-IM resources and for which the Rel-11 CoMP concept relies on that the UE is not allowed to make any assumptions on relations to other transmitted signals. Using scheduled PDSCH for interference measurements would further lead to different CSI reporting depending on whether data is being scheduled or not in CSI reference resources in valid subframes. It may also conflict with current CSI reference resources being defined by the group of downlink PRBs corresponding to the band to which the derived CQI value relates. This could imply scheduling restrictions to transmit data on specific PRBs only in certain subframes.  In [2] it was proposed to either report a “non-clean” CQI, corresponding to reporting pre-CRS IC CQI, or that the UE reports a “clean” CQI corresponding to reporting post-CRS IC CQI under the hypothesis that the UE can cancel the PDSCH interference with same efficiency as CRS can be cancelled from the strongest aggressor. Evidently, neither the “non-clean” CQI nor the “clean” CQI would always comply with the CQI definition, i.e. that the UE reports highest CQI index reflecting 10% BLER. It can be noticed that in RAN1 discussions on CSI enhancements the terminology of post-NAICS CQI and pre-NAICS CQI have frequently been used to indicate when CQI is derived with and without NAICS functionality, respectively. One may possibly consider post-CRS IC CQI as being a rough approximation of post-NAICS CQI under the hypothesis of QPSK modulated rank-one PDSCH interference.
Observation 1:
· Pre-NAICS CSI reporting violates current CQI definition

· Post-NAICS CSI reporting for TM1-9 increases CSI computation complexity significantly when CSI reference resource do not overlap with UE’s own scheduled PDSCH

· High risk for inconsistent UE behavior between subframes carrying own PDSCH and those that does not

Contribution [3] elaborates in “Option 3” that the UE could observe “cancelled interference” from a configured CSI-IM if associating to the UE known reference signals (CSI-RS/CRS) with the interference observed on the CSI-IM. In this case, the interference would be of specified origin and be related to the interfering PDSCH, or be emulated by the eNB. Evidently, this approach would prevent CoMP operations in line with the intention of introducing TM10 where the network is free to send whatever it wants to on the CSI-IM in order to create an intended interference hypothesis. 
Observation 2: The existing Rel-11 CoMP CSI concept of injecting interference hypotheses onto CSI-IM from network side precludes the use of post-NAICS CSI reporting for TM10
From the discussion above it should be clear that post-NAICS CSI reporting is either not possible without risking Rel-11 CoMP operation or incurs a substantial risk for inconsistent CSI reporting. Thus, the only remaining option seems to be to let NAICS UEs report pre-NAICS CSI. This implies that the CQI definition needs to be modified so as to allow the demodulation performance to differ from the performance estimated as part of CSI reporting in a way that still enforces consistent and well defined UE behavior. 

Observation 3:
· Pre-NAICS CSI reporting provides a chance for consistent UE behavior
· CQI can no longer be mandated to directly correspond to demodulation performance

· Modifications to the CQI definition are inevitable
An example of how pre-NAICS CSI could possibly be captured in the specification is illustrated below for the case of TM10, where the text marked in bold face are the additions to current specification text in TS 36.213: 
Part 1:

Part 2:

Note that above text modifications are a direct reflection of the intended UE behavior for Rel-11 TM10 and constitute important clarifications now when NAICS capable UEs are introduced.
Evidently, there are currently no CSI-IM defined for TM1-9 but the CSI-IM concept could be extended to those TMs as well by considering CSI-IM for serving cell CRS REs to be introduced. In other words, the term CSI-IM could refer to either the present type of CSI-IM or correspond to the CRS REs. The latter could be referred to as CRS CSI-IM to be specific while the former and original CSI-IM could be referred to as CSI-RS CSI-IM. In addition, the existing CSI reporting in TM1-9 could be referred to as one CSI process. Using such terminology also for TM1-9 allows the above text proposal to be reused providing a unified CQI definition for all transmission modes. This would have the added benefit of introducing a well specified interference estimation approach also for TM1-9, thereby improving consistency of UE behavior without imposing an implementation burden compared with current UEs in practice.
Observation 4:

· A unified pre-NAICS CSI CQI definition specification text is possible if

· the term CSI-IM is interpreted to correspond to CRS REs for TM1-9

· TM1-9 are considered to have one CSI process

· Such a unified CQI definition brings the added benefit of fostering consistent UE behavior via proper specification of interference measurement resources also for TM1-9

3. Conclusion
The issue of deriving CSI properly in NAICS was addressed and the following observations were made:
Observation 1:

· Pre-NAICS CSI reporting violates current CQI definition

· Post-NAICS CSI reporting for TM1-9 increases CSI computation complexity significantly when CSI reference resource do not overlap with UE’s own scheduled PDSCH

· High risk for inconsistent UE behavior between subframes carrying own PDSCH and those that does not
Observation 2:

· The existing Rel-11 CoMP CSI concept of injecting interference hypotheses onto CSI-IM from network side precludes the use of post-NAICS CSI reporting for TM10
Observation 3:

· Pre-NAICS CSI reporting provides a chance for consistent UE behavior

· CQI can no longer be mandated to directly correspond to demodulation performance

· Modifications to the CQI definition are inevitable

In the light of these observations, we discussed how pre-NAICS CSI could be captured in the specification and also observed that:
Observation 4:

· A unified pre-NAICS CSI CQI definition specification text is possible if

· the term CSI-IM is interpreted to correspond to CRS REs for TM1-9

· TM1-9 are considered to have one CSI process

· Such a unified CQI definition brings the added benefit of fostering consistent UE behavior via proper specification of interference measurement resources also for TM1-9
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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 under the assumption that the interference on the PDSCH REs is as seen on the configured CSI-IM resource for the relevant CSI process.








For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the zero power CSI-RS (defined in [3]) within the configured CSI-IM resource associated with the CSI process. The UE shall assume that the received signals on this configured CSI-IM resource are interference of unspecified origin with possibly no relation to other transmitted signals.











