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1 Introduction
Last RAN4 meeting, the WF for feasibility test scenarios and reference receiver for enhanced SU-MIMO receivers were agreed [1]. To support rank 3/4 and 256QAM modulation order, RAN4 needs to check feasibility for enhanced SU-MIMO receiver as following considerations:
· operating SNR, realistic Tx EVM assumption, performance gains, reference receiver complexity and testability
The critical issue would be reference receiver complexity. In this contribution, we provide RML performances with different adjustable parameters and compare computational complexity between RML receivers.
2 Performance and complexity for enhanced SU-MIMO receiver
For enhanced SU-MIMO, RAN4 agreed feasibility test scenarios to verify performance gain over MMSE receiver. Additionally, for high layer and 256QAM scenarios, reasonable target operating SNR and receiver complexity should be considered to define performance requirement. Currently, reference receiver for enhanced SU-MIMO is RML receiver with high priority. In 2Rx SU-MIMO and NAICS WI, RAN4 had good performance alignment for minimum performance requirement. 4Rx SU-MIMO WI included high layer and 256QAM modulation order. It means that the complexity of RML is more critical, and the amount of performance loss depends on its complexity. 
RML could be any type of complexity reduced ML receiver as long as its complexity is lower than ML, and various types of RML receivers have been proposed for the last few decades. Furthermore, RML does not specify how much performance loss is acceptable or how much complexity should be saved in comparison with ML. Therefore, it is expected that it would be very hard to align RML performances between companies. On top of that, companies would not be sure if their complexities are comparable with each other.

In order to see the relation between performance and complexity of RML, we considered one of sphere decoding family as RML. Even using one particular sphere decoding algorithm, there are a couple of adjustable parameters for implementation with reasonable complexity and performance. Figure 1 ~ Figure 3 show performance and complexity with different configuration of adjustable parameters for RML. About 3dB performance gaps have been observed among RML receivers regardless modulation order. However the performance loss could be much larger than 3dB in medium or medium-A correlation environment. Furthermore, if companies provide performances considering different MIMO receiver algorithms which have different complexities, the performance gaps are more likely to be spread over more than 3dB. In that sense, RAN4 needs to analyze complexity as well as performance of RML, especially for high layer and high modulation order.
· Proposal 1: Study how to align the performance of RML receivers considering reasonable complexity.
· Proposal 2: Companies are encouraged to provide complexities as well as performances for RML receiver
[image: image1.jpg]BLER

0.1

0.01

0.001

TM3, Rank 3, EPA5, Low corrleation

il

QPs

MAM

5 10 15
SNR
—+RML-1  —-RML-2 —RML-3
—=-RML-1  —RML-2 RML-3
—+—RML-1  —=-RML-2 —RML-3

20

—RML-4
~~RML-4
——RML-4

——ML
ML

30





Figure 1 Rank3 with QPSK, 64QAM, 256QAM
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Figure 2 Rank4 with QPSK and 64QAM
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Figure 3 Complexity computational between RML- 2,3,4 and RML-1
3 Conclusion 
In this contribution, we provide RML performances with different adjustable parameters and compare computational complexity between RML receivers. And based on the observation results, our proposals are listed as follows:
· Proposal 1: Study how to align the performance of RML receivers considering reasonable complexity.
· Proposal 2: Companies are encouraged to provide complexities as well as performances for RML receiver
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