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1
Introduction

The choice of CQI feedback is still open for NAICS, after few rounds of discussions the main candidate approaches, pre- or post- IC being still open for debate. In [4] and [5] we have presented views on the NAICS CSI reporting requirements. In this contribution we elaborate further on the options we have ahead for a proper definition of NAICS CSI and we reiterate some of our previous proposals which need further discussion.
2
CSI feedback testability framework
RAN1 concluded the following operation for the Release 12 NAICS CSI feedback:

· 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 RAN4 test case discussion for CSI feedback starts from the premises that the UE has to incorporate interference cancellation gains into the feedback. During RAN4#72bis, it has also been decided that the receivers types used for CSI performance definition are for further discussion.
Observation:

1. The current guidance is that the NAICS CSI feedback testability builds on the ability of the UE to incorporate cancellation efficiencies into the reported CSI feedback.
2. The receiver types used for CSI performance definition are for further discussion.
2.1 NAICS IC and TM applicability
RAN1 has been capturing also the following applicability for TM1-9 NAICS [3].

The following parameters have been agreed in RAN1 for NAICS higher-layer signalling for TM1 to TM9 to facilitate the interference cancellation and suppression for interfering cells at UE side.  However, it’s RAN1’s understanding that how to utilize the signalled parameters for interference cancellation and suppression is up to UE implementation.

…
1. For TM1 to TM9, parameters in NAICS higher layer signalling are associated with physical cell ID

…

2. No support of TM10 related assistance signalling and RAN1 assumes that no cancelation of TM10 PDSCH interference from neighboring cells in Rel-12 NAICS

While the CSI feedback testability is clear for TM1-9 for both NAICS and interferer, the interaction between TM10 (for NAICS UE) and TM1-9 (for interferer) needs further discussion. From a signalling perspective, there are no obstacles for a TM10 NAICS UE to cancel interference coming from TM1-9. From a CSI feedback computation point of view, allowing PDSCH IC for a UE configured in TM1-TM10 has an implication, because CQI in TM10 is measured differently to TM1-9. In TM1-8/9 CQI is measured from CRS and in TM10 CQI is measured from CSI-RS and IMR. We note however that even without the possibility to cancel TM10 interference, we should not prohibit a TM10 configured UE the possibility to cancel all the Release 12 endorsed TMs. 
Proposal:

1. Enable the PDSCH IC of TM1-9 for TM10 NAICS UEs.

3
CQI computation options 

After several rounds of discussions on the CSI feedback topic, there have been presented several views on the challenges encountered in order to compute a reliable NAICS CSI. On one hand it is rather clear what we want to achieve: the NAICS CSI feedback computation needs to provide a consistent behaviour among UEs in different scenarios. Such a design target may be achievable for both pre and post NAICS CQI computation, provided that the steps required for CQI computation are clearly captured in the RAN4 and/or RAN1 specification.
Observation:

3. The NAICS CSI feedback computation needs to provide a consistent behaviour among UEs in different scenarios.
During our previous analysis [4]
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[5] we have presented the pros and cons of the two types of CQI currently under discussion. The pre IC CQI computation is rather well captured currently in the specification and a clear guidance for computation at the UE is given. However, pre IC CQI is not straight forward applicable to NAICS from several perspectives. Not incorporating the IC efficiencies into the reported CSI would lead to more conservative reporting and hence the gain mechanism of NAICS is mostly based on OLLA operation. This can be a slow process and not well adaptable in small packet bursty traffic. On the other hand, pre IC CQI is more suitable in several scheduling situations such as <NAICS PDSCH OFF, DI UE PDSCH ON> when the post IC CQI would involve more than 3 layer BD operation. In several situations, like <NAICS PDSCH ON, DI UE PDSCH OFF> and <NAICS PDSCH OFF, DI UE PDSCH OFF>, the post IC CQI is similar to the pre IC CQI as least in case of non-colliding CRS.

On the other hand, in order to compute a post IC type of CSI, the NAICS UE will perform the following operations: 1. Dominant interferer identification and estimation, 2. IC efficiency or NAICS gain estimation (dependent on dominant interferer strength, the CRS conditions, TM interaction, modulation interaction, etc.), 3.SINR computation based on an IC efficiency, 4. RI, PMI, CQI computation. The order of the operations 2-4 is not strictly defined and it might be UE implementation specific (depending also on the metrics used for RI, PMI computation/selection). In addition, there are circular reference type of interactions between different operations making the post IC CSI feedback derivation more complicated. The post IC CQI computation seems beneficial when the <NAICS PDSCH ON, DI UE PDSCH ON> happens; otherwise the benefits of post IC computation are more difficult to harvest. Utilizing E-IRC type of CQI would remove the issue of modulation blind detection, however all the issues related to the identification of dominant interferer are still valid.
In [4] we have been discussing in more detail the pros and cons of post IC CSI computation. Herein we want to highlight our previous observations that guaranteeing accurate IC-efficiency/NAICS-gain estimation and consistency among NAICS UEs might experience several difficulties:

1. Selecting an IC-efficiency is a needed operation in the NAICS CSI feedback computation. 

2. Several IC-efficiency computation methods exist and they might lead to different results. 

3. IC-efficiency derivation is sensitive to issues related to blind detection and DI identification. 

4. Fixed interference Tx parameter assumptions do not remove fully the need for blind detection since IC-efficiency still depends on interferer’s effective channel/covariance knowledge which, in turn, requires RI and PMI knowledge in CRS based estimation.

This discussion can be summarized as follows:
Observations:

4. The CSI computation solution needs to provide consistent operation in a variety of ON/OFF situations of NAICS and interfering PDSCH.

5. Pre IC CQI provides a more predictable baseline from which further OLLA operation could operate.
6. Post IC CQI computation does not cover all the cases with respect to the interference presence; it also might also break the current agreements on blind estimation. 

4
Conclusions
In this contribution we have been presenting views with respect to the NAICS CSI feedback testability. 
Observations:
1.  The current guidance is that the NAICS CSI feedback testability builds on the ability of the UE to incorporate cancellation efficiencies into the reported CSI feedback.
2.  The receiver types used for CSI performance definition are for further discussion.

3.  The NAICS CSI feedback computation needs to provide a consistent behaviour among UEs in different scenarios.
4.  The CSI computation solution needs to provide consistent operation in a variety of ON/OFF situations of NAICS and interfering PDSCH.

5.  Pre IC CQI provides a more predictable baseline from which further OLLA operation could operate.

6.  Post IC CQI computation does not cover all the cases with respect to the interference presence; it also might also break the current agreements on blind estimation. 
Proposals:

1.  Enable the PDSCH IC of TM1-9 for TM10 NAICS UEs.
2. Utilize pre IC (LMMSE IRC) CQI computation for NAICS. 
References

[1] RP-140519, “New work item proposal for network assistance interference cancellation and suppression for LTE” . 
[2] TR 36.866, “Network-Assisted Interference Cancellation and  Suppression for LTE”, v2.0.0.

[3] R4-146457, “On the blind detection testability in NAICS”, Nokia Corporation, Nokia Networks.
[4] R4-146456, “On the NAICS UE CSI feedback performance requirements”, Nokia Corporation, Nokia Networks.

[5] R4-147239, “On the NAICS UE CSI reporting requirements”, Nokia Networks, Nokia Corporation
