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1. Introduction

The NAICS WI Performance part aims to specify CSI feedback requirements for NAICS receivers [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…
In the last RAN1 WG meeting there was a discussion on whether to keep the existing CQI definition unchanged and let RAN4 define new tests for NAICS based CSI reporting or change the CQI definition and allow LMMSE-IRC receiver based reporting. Several concerns on the introduction of the CQI enhancement were raised including the potential complexity and reliability of the interferer parameter estimation. As a compromise, it was decided to continue feasibility study in RAN4 on the possible CSI enhancements without precluding RAN1 specification change in the future if the outcome of the study would be negative [2]:
· 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, these agreements do not preclude possibilities of RAN1 specification change
So, the current RAN1 WG agreements in fact do not preclude any possible solutions and aim to give indication that the respective studies on CSI enhancements should continue in the RAN4 WG. Hence, before defining the CSI reporting requirements the RAN4 WG needs to come to the agreements on the feasibility of different CSI reporting approaches. In this contribution we share our views on the potential CSI reporting for NAICS receivers from the UE implementation perspective and highlight potential issues associated with NAICS based CSI reporting under certain scenarios.
2. Potential CSI reporting approaches
In our view, the following two general approaches for the CSI reporting can be considered in the NAICS scope.
Option 1: LMMSE-IRC based CSI feedback

The UE may keep on reporting the CSI feedback based on LMMSE-IRC receiver without taking into account potential Rel-12 NAICS gains. In this case UE would likely underestimate the CQI in NAICS favourable conditions and eNB based OLLA needs to be applied to achieve performance improvement. This approach might result in the reduced performance due to low convergence of the OLLA algorithm. However, based on the RAN1 WG studies, there is no common view on the performance impacts of this approach and selected results show that OLLA can be applied to achieve NAICS gains. At the same time, we would like to note that this approach has the lowest complexity and might be more preferable from the implementation perspective.
Option 2: NAICS based CSI feedback

In accordance to the second approach, UE needs to take into account possible NAICS IS/IC gains into CQI derivation. This approach would have larger implementation and computational complexity than the LMMSE-IRC based CSI reporting due to additional interference parameters measurements and modified CQI calculation procedure.

In accordance to the current CQI definition UE will be required to provide the highest CQI index that would result in PDSCH transport block transmission with 10% BLER. This means that for the CQI calculation UE should generally assume full NAICS receiver structure which is identical to the one used for the demodulation purposes (i.e. including PDSCH-IS/IC and CRS-IC functionality). At the same time, in the scope of RAN1 studies multiple approaches on the CQI calculation (with different complexity and CQI estimation accuracy) were considered and may need further discussion in RAN4:
· “Full NAICS” CSI calculation: In this case UE calculates CSI feedback under assumption of using the complete NAICS receiver based on the interference signal channel estimation and parameters blind detection.

· “Partial NAICS” CSI calculation: In this case UE calculates CSI under assumption of using NAICS receiver for the case when a part of interference parameters is detected and part of them is fixed (e.g. fixed interferer modulation). Alternatively, in this approach UE can report CQI for the E-LMMSE-IRC receiver structure and rely on OLLA to fix the gap between the R-ML or SLIC.
· “Clean” CSI reporting: In this case UE reports CQI under assumptions of complete dominant interferer cancellation. In most cases, ideal compensation is not possible and eNB will need to apply OLLA to reduce the overestimated CQI.
In our understanding, the respective approaches were considered in the RAN1 studies, however no conclusions on the feasibility of different mechanisms from the performance/complexity perspectives were reached. Meanwhile, based on RAN1 agreements the “Full NAICS” CSI calculation should be used. At the same time, the respective approach has the largest complexity and requires availability of measurements of all interference parameters. As shown in Section 3 the respective parameters may not be available at the UE side and hence the NAICS based CSI reporting cannot be done.
So, in our view, NAICS based CSI reporting has many open issues including the CQI calculation assumptions, availability of interference measurements and other factors which need further discussion. Hence, it might be rather premature to agree on using NAICS based CSI reporting. Given potential complexity implications, LMMSE-IRC based feedback should be considered by default, and if feasibility of NAICS based feedback is proven, the respective functionality can be further introduced.
Proposal #1: LMMSE-IRC based CSI reporting should be used as a default CSI reporting approach. NAICS based CSI feedback can be introduced in case its performance/complexity feasibility is agreed in RAN4.

3. Interference measurements for NAICS CSI reporting
To enable NAICS based CSI reporting the UE needs to estimate the dominant interferer PDSCH parameters including spatial precoding and modulation format (for non-clean CQI) and the residual interference level.
For the legacy receiver structures, it is assumed that for the purposes of the CSI feedback calculation the interference for the TMs 1-9 is measured on the serving cell CRS, while for the TM10 the CSI-IM REs are used. In application to NAICS receivers, the interference measurement resources should be discussed as well. In general, CRS and/or Data REs can be used for interference measurements for NAICS CSI feedback calculation. For the TM10 CSI-IM can be also potentially used for the NAICS interference measurements.
Interference measurements on the serving cell CRS REs
In case if UE uses only CRS REs for the interference parameters measurements different issues can be observed in the colliding and non-colliding CRS scenarios.
In the colliding CRS scenario which is actually the most promising NAICS scenario from the performance perspective, the UE will not be able to measure the interferer PDSCH parameters, since the serving cell CRS collide with interferer CRS rather than with PDSCH. Hence, the interferer PDSCH parameters cannot be measured. Meanwhile, UE is still capable to estimate the dominant interfere CRS-based channel (i.e. without precoding) and the residual interference level after full cancellation of the dominant interferer.
Observation:

· In the colliding CRS scenario, UE cannot estimate dominant interferer PDSCH parameters on the CRS REs.

The NAICS feasibility in the non-colliding CRS scenario is still under investigation and was not proven. In addition, with regards to the interference measurement, the PDSCH interference parameters can be estimated on the CRS REs. However, the total number of available REs for the measurements is rather limited comparing to the NAICS demodulation case. For instance, for the CSI measurements purposes there are only 12 REs per PRB pair which overlap with the interferer PDSCH for the 2 CRS APs case. Meanwhile, there are 100+ REs available for NAICS demodulation purposes. So, correct interference parameters estimation may be not feasible. Furthermore, the channel estimation accuracy and residual interference estimate become more complicated and less accurate in the particular scenario.

Observation:

· In the non-colliding CRS scenario, the dominant interferer PDSCH parameters estimation on the CRS REs may be not reliable.

Data REs based measurements

Alternatively, the Data REs can be used to make the measurements of unknown interference parameters. For instance, for CRS-based PDSCH interference the UE can use the CRS REs for the estimation of the interferer channel, while use Data REs for the remaining PDSCH interference parameters measurements. In case of DMRS-based transmission modes Data/DMRS REs can be used for interference measurements. However, the feasibility of the interference parameters detection depends on the serving cell transmissions as well (see Figure 1). If the UE has serving cell PDSCH transmission overlapping with the CSI measurement resources, it can estimate the interferer PDSCH parameters in the course of the NAICS demodulation processing. At the same time, if UE does not have scheduled serving cell PDSCH transmission, the CSI measurement resources may overlap with the serving cell transmission to another UE. In general, the UE does not have information on the presence of the serving cell transmission to another UE and its parameters. So, the task of the interference parameters estimation becomes more complicated as UE needs to estimate the parameters of two PDSCH transmissions with unknown parameters. In our, view this contradicts to the spirit of the RAN4 WG agreements on the NAICS receiver complexity (which should handle a single interferer). So, such situations should be avoided and NAICS feedback should not be required.
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Figure 1. Serving cell PDSCH allocation impact on interference parameters measurements
Observations:

· In case of using data REs for the interference PDSCH parameters measurements the reliability and complexity the measurements depends on the presence of the serving cell transmission.
· In case if the measurement resources overlap with the serving cell transmission to another UE, the parameters measurements complexity is beyond agreed NAICS demodulation complexity.

TM10 CSI-IM based interference measurements

Although the TM10 interference handling is not supported, the NAICS can still be applied for the UEs operating in TM10. In general, for TM10 the CSI-IM can be used for the interference measurements. However, the UE may not be able to associate the receive signal observed on the CSI-IM REs with the PDSCH transmission of the dominant interferer. In addition, in some cases the eNB may simply inject arbitrary signals on those REs to emulate the interference conditions. Hence, using CSI-IM seems to be unreliable approach as well.

Observations:

· For the TM10 UE, the interferer PDSCH parameters for CSI feedback cannot be measured on the CSI-IM resources.

Summary

Based on the discussion above, NAICS related interference parameters measurements on the CRS and Data REs might have some issues. For the CRS REs based measurements, the interference characteristics cannot be measured in the colliding CRS case and hence this approach should be excluded from consideration. Furthermore, it is evident that the interference measurements on the data REs have high complexity and potentially low reliability in case when the UE does not have serving cell PDSCH transmissions on those REs. In case, when such transmissions are present, in general, the interference parameters can be measured, however the need for enhanced CQI reporting should be further discussed and other related aspects need to be taken into account as well. For instance, we would like to note that in case LMMSE-IRC based reporting is used one set of subframes and NAICS based reporting is used in another set of subframes, the eNB OLLA mechanism would need to take it into account and probably keep two different OLLA loops.
Proposal #2: UE is not required to use NAICS based CQI reporting when CSI reference resources do not fully overlap with the scheduled PDSCH.

Proposal #3: The applicability of NAICS based CQI reporting when CSI reference resources fully overlap with the scheduled PDSCH is FFS.
4. Conclusions

In this contribution we have shared our views on the NAICS CSI reporting aspects. In general, we think that the RAN4 WG needs to discuss the feasibility of the LMMSE-IRC and NAICS based CSI reporting mechanisms and report back to RAN1 on the results of the studies inform RAN1 whether any CQI definition modification are needed. In summary, we make the following proposals:
Proposals:

1. LMMSE-IRC based CSI reporting should be used as a default CSI reporting approach. NAICS based CSI feedback can be introduced in case its performance/complexity feasibility is agreed in RAN4.

2. UE is not required to use NAICS based CQI reporting when CSI reference resources do not fully overlap with the scheduled PDSCH.
3. The applicability of NAICS based CQI reporting when CSI reference resources fully overlap with the scheduled PDSCH is FFS.
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