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1
Introduction
In 3GPP RAN #63 meeting, it was agreed to set up a work item targeted on specifying advanced non-linear receiver for SU-MIMO in Rel-12. 
The objective is to enhance the UE performance in the presence of inter-stream interference thereby improving the spectral efficiency for the system. The detailed objectives include:

· 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.

In this paper, we provide our view on this work item.
2 Discussion
· Reference receivers

During NAICS study item, three types of advanced non-linear receivers are extensively studied, i.e. R-ML, L-CWIC and SLIC receiver. In general, it is observed that L-CWIC provides the best performance, while R-ML and SLIC's performance order may depend on test case design, e.g. channel type, channel correlation and interference model. Especially, the performance gap of those three types of receiver may be more than 3dB in certain test cases. Also, recall that RAN4 demodulation performance requirements are defined based on average performance among all companies, rather than the worst performance. 

Consider the large performance gap among L-CWIC/R-ML/SLIC receiver, and RAN4 is expected to define a receiver agnostic performance requirements without limiting UE implementation freedom, it may be difficult to find a common reference receiver among L-CWIC/R-ML/SLIC for all designed test cases. Thus, RAN4 may need to consider to agree on a reference receiver for each design test case.
Proposal 1: RAN4 may need to agree on a reference receiver (SLIC or R-ML) case by case for each enhanced SU-MIMO performance requirement.

· Scenarios
For scenario selection, basically the agreement in study item could be considered as a good starting point, i.e. 

· Baseline tests

· Test 1: 36.101 Open loop spatial multiplexing (TM3), Section 8.2.1.3.1 

· Test 2: 36.101 Closed loop spatial multiplexing (TM4) Section 8.2.1.4.2 

· Test 3: 36.101 Dual-Layer Spatial Multiplexing (TM9), Section 8.3.1.2

· Optional tests

· Test 1: 36.101 Type A receiver Section 8.2.1.2.4 (TM2/3) 

· Test 2: 36.101 Type A receiver Section 8.2.1.4.1B (TM4/6)


· Test 3: 36.101 Type A receiver Section 8.3.1.1A (TM9/9) 

· Evaluation setup

· Baseline setup: Current FRC setup with medium correlation, synchronous network

· Optional setup: OLLA with follow CQI and PMI, Rank 2, medium correlation, Doppler 5Hz, synchronous network

In general, there are two kind of scenarios can be considered for test case setup. 

· Single cell scenario, which is used when defining typical Rel-8/9 demodulation requirements.
· Multiple cell scenario, which is used when defining Rel-11 MMSE-IRC, FeICIC and TM10 demodulation 
In our view, it may be enough to only consider single cell scenario, which already serves the purpose of verifying SU-MIMO performance well. And, TM3/TM4/TM9 cases can be considered under single cell scenario.

For multiple cell scenarios, the additional interference cells are introduced for purposes of 

· In Rel-11 MMSE-IRC WI, it is introduced to model the colored interference to verify IRC receiver performance. In general, IRC receiver can work together with advanced SU-MIMO receiver. However, since there is a parallel work item (NAICS) specifically targeted for inter-cell interference suppression, it seems to be unnecessary to verify the performance of advanced SU-MIMO receiver plus IRC receiver.
· In Rel-11 FeICIC, it is introduced to model CRS interference especially in ABS subframe. In general, ABS subframe are expected to schedule UEs in cell range extension, which are most likely expected to be scheduled with Rank 1 transmission. Thus, it is unnecessary to verify the performance of advanced SU-MIMO receiver plus CRS-IC receiver in ABS subframe.
· In Rel-11 TM10, it is introduced to model CS/CB scheduling in CoMP scenario. In CoMP scenario 4, UEs served by RRH may expect to experience high quality link, and thus scheduled with rank 2 transmission. In this sense, it may be beneficial to verify the performance of advanced SU-MIMO receiver in TM10.
Based on the analysis above, our preference is
Proposal 2: Verify the performance of advanced SU-MIMO receiver in TM3/4/9 with single cell scenario. In addition, it is beneficial to verify the performance of advanced SU-MIMO receiver in TM10 with multiple cells scenario.

· Performance Metric
During NAICS study item, two types of performance metric has been considered:
· For FRC channel: SNR gain at 70% of maximum throughput 

· For VRC channel: Throughput gain at certain SNR points, i.e. 15dB and 25dB

Regarding variable reference channel (VRC) for desired signals, although VRC has been mentioned several times for different RAN4 WIs, it has never been carefully studied in RAN4 as performance requirements. The main concern of introducing VRC is the difficulty to align simulation results from companies, as shown in CSI test case. Typically, the performance gap is less than 2.0dB by using FRC among companies. However, as observed in RAN4 CSI requirements discussion, the gap could be much higher due to different UE implementation and optimization of CSI reporting algorithms. Thus, it is proposed that

Proposal 3: Re-use FRC methodology when defining advanced SU-MIMO receiver performance.
· CSI reporting requirements
Regarding CSI reporting requirements for advance SU-MIMO receiver, 
· Due to the lack of closed-expression of post-processing SINR calculation on advanced SU-MIMO receivers, it is difficult to agree on an unique SINR estimation methodology as observed during NAICS SI. Thus, it is questionable that whether a meaningful CSI reporting requirements could be defined based on different SINR estimation methodology.

· Typically, outer loop link adaptation (OLLA) may already well compensate the performance gap when using advanced SU-MIMO receiver for PDSCH demodulation and MMSE-IRC for CSI estimation. Furthermore, it has observed that even using MMSE-IRC for CSI estimation, advanced SU-MIMO receiver still provides significant performance gain.
· Finally, it has been observed in past RAN4 discussion that CSI test case design, especially performance metric and performance requirements, should be carefully studied to avoid the punishment to advanced receivers. For advanced SU-MIMO receiver, L-CWIC/R-ML/SLIC may still provide significant different performance. Thus, it is even more challenge to define a generic CSI reporting requirements applicable for all L-CWIC/R-ML/SLIC receiver.

Based on the analysis above, it is proposed that 

Proposal 4: For CSI performance requirements, RAN4 firstly study and conclude that whether OLLA could well compensate the performance gap when using MMSE-IRC for CSI estimation of advanced SU-MIMO receiver.
Proposal 5: If RAN4 define any CSI reporting requirements, it should not punish advanced SU-MIMO receiver with better PDSCH demodulation performance, e.g. L-CWIC receiver.
3 Conclusion
In this paper, we provide our views on advanced SU-MIMO receiver performance requirements. Our proposals are:
Proposal 1: RAN4 may need to agree on a reference receiver (SLIC or R-ML) case by case for each enhanced SU-MIMO performance requirement.

Proposal 2: Verify the performance of advanced SU-MIMO receiver in TM3/4/9 with single cell scenario. In addition, it is beneficial to verify the performance of advanced SU-MIMO receiver in TM10 with multiple cells scenario.

Proposal 3: Re-use FRC methodology when defining advanced SU-MIMO receiver performance.

Proposal 4: For CSI performance requirements, RAN4 firstly study and conclude that whether OLLA could well compensate the performance gap when using MMSE-IRC for CSI estimation of advanced SU-MIMO receiver.
Proposal 5: If RAN4 define any CSI reporting requirements, it should not punish advanced SU-MIMO receiver with better PDSCH demodulation performance, e.g. L-CWIC receiver.
3/3

