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1
Introduction

With the finalization of the NAICS core part, RAN4 needs to focus further on the introduction of UE CSI feedback performance requirements in addition to other NAICS functionality verification [1]. 
Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4. 

· Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH, per PRB or PRB-pair based resource allocation for interference PDSCH,  and/or lack of higher-layer signalling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs
In [4] we have presented initial 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:

· 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.
· 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.

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

…

· 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. Furthermore, if legacy CQI was adopted for NAICS UE, allowing NAICS for NAICS UE in TM10 mode would result in no additional UE implementation efforts.
Proposal:

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

2.2 Network assistance availability
The utilization of network assistance has been discussed so far mainly in the context of demodulation. Due to the higher layer nature of the NAICS signalling, the eNB-to-UE signalling is provided by RRC. This means that the network assistance will be updated and available at the UE on a slow pace, at the order of hundreds of milliseconds. This implies that the network assistance is available at the UE for both CSI computation and also for demodulation purposes. How the NAICS UE would utilize the network assistance in order to minimize the UE (blind detection) complexity is up the UE implementation. 
Observation:

· The network assistance is available at the UE for both CSI feedback computation and demodulation.

3
Interference/scheduling scenarios 

The NAICS UE will experience different interference/scheduling scenarios in both time and frequency. Throughout these scheduling options, consistent CSI feedback reporting needs to be ensured. As the NAICS UE is targeting the IC of the dominant interfering PDSCH, several scheduling situations <NAICS UE PDSCH, DI UE PDSCH > do arise as described next [4]. In the following, we consider two choices for CSI feedback: option 1 based on post IC operation, and option 2 based on LMMSE-IRC. A snapshot in time of the <NAICS UE PDSCH, DI UE PDSCH > scheduling possibilities is discussed further. 
1. The NAICS UE PDSCH ON, DI UE PDSCH ON: 
In case of wide-band allocation, the blind detection of the dominant interferer can be performed similarly as in the case of the demodulation. In this case, the CQI improvement due to NAICS operation should be significant. This scenario requires testing of the post IC CSI. 
In case of sub-band allocation, UE may incorporate the NAICS capability within the allocated band. For the rest of the band, SINRs can be computed according to legacy IRC operation. 

2. The NAICS UE PDSCH ON, DI UE PDSCH OFF:
This is a typical case of mismatch when the interference conditions experienced at CSI computation stage are not similar to the interference conditions at demodulation stage. This scenario does not differ much from legacy scenario for receiver Type A. The NAICS UE would feed back the legacy CQI if dominant interferer is not identified. On the other side, the NAICS UE DI identification should be significantly improved by means of NW assistance.   

3. The NAICS UE PDSCH OFF, DI UE PDSCH ON:
In this case there is a possibility that another UE is scheduled (or not) in the serving cell. In case a UE is scheduled in the serving cell, this needs to be blindly detected and identified as not being part of the target interference to be cancelled by the NAICS UE at the demodulation stage. As the total number of layers handled by the Release 12 NAICS UE is limited to 3, from the demodulation perspective the blind detection would target the identification and cancellation of at most two layers. However, the CSI computation might imply the blind detection and identification of more than two layers of interference, because modulation of another UE in the serving cells is unknown. What CQI the NAICS UE shall report in this particular case is FFS. One option would be to report E-IRC CQI which requires only the identification of a DI channel.      

4. The NAICS UE PDSCH OFF, DI UE PDSCH OFF: 
As in the case from point 2, this scenario does not differ from legacy operation.

5. Several other types of configurations are possible. 
For example the CSI may be computed based on an estimated DI while in the demodulation stage the interference is coming from a different DI.  In another situation the same DI can be present for both the CSI and demodulation stage but its characteristics in terms of modulation, PMI or even rank may be different. Nevertheless, we believe that CQI should reflect instantaneous conditions seen by the UE.
The above alternatives are describing scheduling options at one particular moment in time. These scheduling alternatives are naturally changing in time, leading to alternations of more or less difficult CSI calculation scenarios for the NAICS UE. This is happening also today with the current CSI calculation, however the NAICS post IC CQI would experience a wider and more dynamic range in terms of reported CSI.
Observations:
· Blind detection and identification of more than two layers might be necessary in some situations.

· In selected scheduling instances, the reported CSI is legacy CSI.

· The time and frequency scheduling is creating a mix of conditions for possibly alternate reporting of pre and post IC type of CSIs.

· The NAICS post IC CQI would experience a wider and more dynamic range in terms of reported CSI.
4
Operations for NAICS CSI feedback 
Two CSI computation options are available in NAICS, that is pre or/and post IC CSI. 
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. In addition, the CQI definition is not directly applicable as the minimum of 10% BLER which needs to be reflected on the CSI measurement resource might be violated; hence a CQI definition would need to be changed. 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. In the following paragraph, the NAICS CSI feedback operations are discussed in more detail. 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.
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.

Proposals:
· Strive for a unified mechanism for capturing/deriving the NAICS IC-efficiencies ensuring a consistent behaviour across UEs.
· System performance should be used in confirming that the choice of post IC NAICS -efficiency computation/selection is proving NAICS system gains and is a reliable measure.
5
Conclusions
In this contribution we have been presenting views with respect to the NAICS CSI feedback testability. 
Observations:
1. 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 network assistance is available at the UE for both CSI feedback computation and demodulation.

4. Blind detection and identification of more than two layers might be necessary in some situations.

5. In selected scheduling instances, the reported CSI is legacy CSI.

6. The time and frequency scheduling is creating a mix of conditions for possibly alternate reporting of pre and post IC type of CSIs.

7. The NAICS post IC CQI would experience a wider and more dynamic range in terms of reported CSI.
Proposals:

1. Enable the PDSCH IC of TM1-9 for TM10 NAICS UEs.
2. Strive for a unified mechanism for capturing/deriving the NAICS IC-efficiencies ensuring a consistent behaviour across UEs.
3. System performance should be used in confirming that the choice of post IC NAICS -efficiency computation/selection is proving NAICS system gains and is a reliable measure.
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