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1 Introduction

In RAN#63 plenary meeting, following the closing of the study item (SI) for Network-Assisted Interference Cancellation and Suppression (NAICS) for LTE, two separate work items (WI) were approved, i.e. Performance Requirements of Interference Cancellation and Suppression Receiver for SU-MIMO for E-UTRA (RP-140520) and Network-Assisted Interference Cancellation and Suppression for LTE (RP-140519). In this contribution we present high level views on the SU-MIMO work item. 

2 Overviews
In the work item description [1], the objectives are stated as following:

· Reference receivers considered should be focused on the evaluated receivers in the study item, i.e. (R)-ML, CWIC and SLIC receivers.
· Specify the typical scenarios for SU-MIMO deployments to be considered in the UE demodulation and CSI requirements work
· For PDSCH, identify and agree on realistic deployment scenarios
· The reuse of related, applicable Rel.8-11 SU-MIMO scenarios is encouraged as much as possible
· Specify the UE demodulation performance requirements and CSI requirements with the reference receiver for the practical implementations

· UE demodulation performance requirements for both CRS based transmission modes and DMRS based transmission mode

· CSI requirements to ensure the CSI reporting to be matched with the actual demodulation performance

The target objectives to specify demodulation and CSI reporting requirement should be applicable to each single carrier. But considering the large number of carrier aggregation band combinations and the multicarrier testing complexity in term of large number of cells and faders, it seems desirable to avoid the complication of testing on multiple component carriers. Also note that in previous test case designs of DL-CoMP, eICIC, feICIC and MMSE-IRC, the tests are not associated with CA. We think the same logic should be adopted for SU-MIMO testing and it is reasonable to keep the requirement specifications focusing on single component carrier.  
Proposal 1:

SU-MIMO demodulation and CSI reporting requirements are specified for a single component carrier.
2.1 Deployment scenarios and interference modeling
In the NAICS SI, both homogeneous macro network and modified SCE [2] scenarios were investigated. In each scenario, a set of interference levels was agreed under various conditions in term of combinations of different network utilization ratios, UE geometries and percentile of UE experienced interference from the top two strongest interfering cells. These NAICS SI outputs could serve as valuable starting point for SU-MIMO, agreement on further down-selection to a specific set of scenarios can be reached after later discussions. The consideration in down-selection should take into account that SU-MIMO typical deployment usually results in UE higher required serving cell SNR range. So SU-MIMO may target UEs in median to high geometries. In high geometry scenario, interference power from interfering cells may be negligible compared to the much stronger receiving power from servicing cell. In this case only serving cell need to be modelled and the test case design focus on verifying the UE satisfactory inter-stream cancellation hardware implementation in term of meeting the minimum performance requirement to capture the throughput gains promised by employing the advanced receivers. While for median geometry UEs, interference from the strongest interfering cells become more obvious and UE should not only perform cancellation on intra-cell inter-stream interference, but also inter-cell interference suppression operations. Further evaluations on the effect of noise whitening are needed. If the simulation results show noticeable difference between with or without proper noise whitening, interference cell should be explicitly modelled and test case be defined to ensure proper inter-cell suppression along with inter-stream cancellation. But to ensure the verification of UE inter-stream cancellation is not compromised by including inter-cell interference, high UE geometry scenario is proposed to be prioritised.                
Proposal 2:

Consider to base SU-MIMO deployment scenario and interference modeling on the NAICS SI outputs specifically targeting median to high geometry UEs and with high geometry UE prioritised   
Proposal 3:

Consider to evaluate the noise whitening effect of inter-cell interference suppression for median geometry UE and make decision on the test case coverage to verify UE proper implementation  
2.2 Reference receiver
Receiver discussion in NAICS SI started with a larger number of candidate reference receivers and finally converged to a set of reference receivers, i.e. L-CWIC, R-ML and SLIC receivers. For SU-MIMO, naturally UE may want to share the same receiver implementation in dealing with both intra and inter cell interference. It is reasonable that the discussion for SU-MIMO is within the indentified reference receivers in NAICS. Evaluations on receiver performance for SU-MIMO scenarios were concluded in the NAICS SI [2]. The results show generally the relative performance between the investigated receivers is: L-CWIC performs the best, followed by R-ML and SLIC come the last. The relative performance varies depending on simulation assumptions, e.g. R-ML achieves better performance in certain medium antenna correlation cases. Also different implementations of advanced receivers to deal with intra and inter cell interference separately are possible. The choice should be left open for UE implementations.  How to select the reference receiver/s for specifying the requirement for SU-MIMO needs further evaluation and discussion. In our opinion, two options can be considered:

Option 1: Single type of reference receiver is selected and minimum requirement is specified and met by all of the other receiver implantation choices.    
Option 2: Multiple reference receiver types to be defined and corresponding requirements are specified to each receiver type.
For both options, the basic criteria in term of enough performance differentiation in inter-stream interference handling between advanced receivers and legacy MMSE receiver should be satisfied. 
Proposal 4:

Consider selecting reference receiver/s for SU-MIMO among L-CWIC, R-ML and SLIC receivers. 
Proposal 5:

Consider single or multiple reference receiver type/s for specifying requirements and ensuring enough performance differentiation from legacy MMSE implementation.       
Inter-cell interference cancellation is the major topic of the parallel NAICS work item. In SU-MIMO, we can naturally just assume the legacy IRC receiver is implemented in UE in dealing with inter-cell interference. 

Proposal 6:

In case inter-cell interference is modeled, consider legacy IRC as the reference receiver for inter-cell interference suppression in deriving performance requirements for SU-MIMO.
2.3 CSI reporting requirements
Employing advanced receiver in dealing with inter-stream interference improves UE demodulation performance. It is natural to expect that corresponding CSI feedback reporting matched to the enhanced demodulation capability could further increase UE throughput performance. For the UE equipped with advanced receiver but with MMSE demodulation assumption in generating the CSI reports, mismatch happens. OLLA at the scheduler can certainly compensate the unmatched CSI reporting to demodulation capability to certain degree. Evaluations are necessary to determine whether performance degradation is small enough if UE solely relies on OLLA for compensations. Note that beside the CQI reporting needs to be evaluated, the improved inter-stream interference handling capability may have further effect on the RI reporting. 
 Proposal 7:

Consider to perform the evaluations in determine whether performance degradation is small enough if UE solely relies on OLLA for compensation as compared to the case with improved CSI reporting at the UE side.
If indeed, the introduction of further CSI reporting improvement is confirmed from the evaluation results, new test case design need to be considered. In legacy 36.101 CSI reporting tests, e.g. in sections 9.2.2 and 9.2.3 [3], CQI tests for two codeword are defined. But the test setup of static channel and orthogonal PMI at the transmitter side make them insufficient for testing CQI reporting of SU-MIMO. The new test case design of CQI/PMI/RI could reference the existing CSI test cases.   
Proposal 8:

If the need for improved CSI reporting is confirmed, consider to adopt existing CQI/PMI/RI testing methodologies and test case designs
3 Conclusion
In this contribution, we provide the high level view for SU-MIMO demodulation and CSI reporting requirements. We summarize our proposals as following:
Proposal 1:

SU-MIMO demodulation and CSI reporting requirements are specified for a single component carrier.
Proposal 2:

Consider to base SU-MIMO deployment scenario and interference modeling on the NAICS SI outputs specifically targeting median to high geometry UEs and with high geometry UE prioritised
Proposal 3:

Consider to evaluate the noise whitening effect of inter-cell interference suppression for median geometry UE and make decision on the test case coverage to verify UE proper implementation.
Proposal 4:

Consider selecting reference receiver/s for SU-MIMO among L-CWIC, R-ML and SLIC receivers.

Proposal 5:

Consider single or multiple reference receiver type/s for specifying requirements and ensuring enough performance differentiation from legacy MMSE implementation.
Proposal 6:

In case inter-cell interference is modeled, consider legacy IRC as the reference receiver for inter-cell interference suppression in deriving performance requirements for SU-MIMO.

Proposal 7:

Consider to perform the evaluations in determine whether performance degradation is small enough if UE solely relies on OLLA for compensation as compared to the case with improved CSI reporting at the UE side.

Proposal 8:

If the need for improved CSI reporting is confirmed, consider to adopt existing CQI/PMI/RI testing methodologies and test case designs.
4 References

[1] RP-140520, “Performance Requirements of Interference Cancellation and Suppression for SU-MIMO for E-UTRA”, 3GPP TSG-RAN Meeting #63
[2] 3GPP TR 36.866 v.2.0.0 “Network-Assisted Interference Cancellation and Suppression”. 
[4] 3GPP TS 36.101 v12.0.0, “User Equipment (UE) radio transmission and reception”. 
