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1 Introduction
Last RAN#73, New WI [1] which is “Enhanced CRS and SU-MIMO Interference Mitigation Performance requirement for LTE” was approved. For enhanced SU-MIMO part, the objectives are as follows:
· Investigate feasibility and specify requirements for the enhanced SU-MIMO inter-stream interference mitigation (SU-MIMO IM) receivers for the scenarios with 4 receive antennas UEs

· Stage 1: Investigate performance benefits and feasibility of using SU-MIMO IM receivers for the scenarios with 4 receives antennas UEs.
· Stage 2: Specify UE demodulation performance requirements to verify enhanced SU-MIMO receivers for the UEs equipped with 4 RX antennas
This contribution discusses evaluation scenarios for feasibility test and reference receiver for SU-MIMO performance. 
2 Evaluation Scenarios for Enhanced SU-MIMO
According to WID [1], RAN4 needs to investigate feasibility performance for enhanced SU-MIMO receiver for inter-stream interference mitigation with 4 Rx Antenna. Evaluation scenarios can be reused Rel-12 SU-MIMO (Type C receiver) and Rel-13 4RxAP test scenarios, and Table 1 and Table 2 (the same as TDD) could be as the starting point. 
Table 1 Evaluation scenarios (FDD) for feasibility of 4Rx SU-MIMO performance with 2 Tx Antenna
	Test number
	Test spec
	Transmission mode
	Antenna configuration
	Fading channel
	Modulation format
	Number of layer

	#1
	8.2.1.3.1B
	TM3
	2X4 Medium
	EVA70
	16QAM
	2

	#2
	8.2.1.4.2A
	TM4
	2X4 Medium
	ETU70
	64QAM
	2

	#3
	8.2.1.4.2A
	TM4
	2X4 Medium A
	ETU70
	256QAM
	2

	#4
	8.3.1.2A
	TM9
	2X4 Medium
	EPA5
	64QAM
	2

	#5
	8.3.1.2A
	TM9
	2X4 Medium A
	EPA5
	256QAM
	2


Table 2 Evaluation scenarios (FDD) for feasibility of 4Rx SU-MIMO performance with 4 Tx Antenna
	Test number
	Test spec
	Transmission mode
	Antenna configuration
	Fading channel
	Modulation format
	Number of layer

	#6
	8.10.1.1.7
	TM3
	4X4 Medium A
	EPA5
	64QAM
	3

	#7
	8.10.1.1.4
	TM4
	4X4 Medium A
	EPA5
	64QAM
	2

	#8
	8.10.1.1.8
	TM4
	4X4 Medium A
	EPA5
	16QAM
	4

	#9
	8.10.1.1.9
	TM9
	4X4 Medium A
	EPA5
	16QAM
	4

	#10
	8.10.1.1.4
	TM4
	4X4 Medium A
	EPA5
	64QAM
	4

	#11
	8.10.1.1.4
	TM4
	4X4 Medium A
	EPA5
	256QAM
	4


Antenna configuration
In the WID, 2 and 4 CRS APs scenarios are included. For 2 Tx Antenna scenarios, Rel-12 Type-C receiver test cases could be reused as shown in Table 1. Rel-13 4RxAP test cases could be reused for 4 Tx Antenna scenarios as shown in Table 2. For MIMO channel correlation, Medium, Medium A, and High antenna correlation models are considered in this WI to get reasonable performance gain. However, beta value for Medium and High antenna correlation models is too high, so Medium A MIMO channel correlation should be considered to get reasonable operating SNR point under high modulation order and high layers. 
· Proposal 1: Reuse Rel-12 Type-C receiver test cases for 2 CRS APs, and Rel-13 4RxAP test cases for 4 CRS APs scenarios.

· Proposal 2: Focus on Medium A MIMO channel correlation for high modulation order and/or high layers conditions.

The number of layers and modulation order
In Rel-13 4RxAP, performance requirements were defined up to 4 layers and 256QAM modulation order based on MMSE receiver. However, performance requirement for 256QAM modulation order was defined under dual layer scenario since it is difficult to achieve reasonable operating SNR point by MMSE receiver. 
In this WI, 4Rx SU-MIMO scenarios consider high layers and high modulation order with following descriptions:
· Rank 2/3/4 SU-MIMO is considered
· The maximum number of layers (e.g. rank3/4) should be determined based on feasibility study (e.g. operating SNR), realistic Tx EVM assumption and the study on performance gains, reference receiver complexity and testability, etc.
· Modulation order: up to 256QAM

· The considered modulation orders should be decided based on feasibility study (e.g. operating SNR), realistic Tx EVM assumption, performance gains, reference receiver complexity and testability, etc.

· Strive to reuse agreed Tx EVM for 4Rx in Rel-13 if the related agreement can be reached.
To verify feasibility for high layer scenarios, TM3 3 layers and TM4/TM9 4 layers cases could be considered to evaluate SU-MIMO performance under 16QAM and 64QAM modulation order as shown in Table 2. For high modulation order such as 256QAM, since RAN4 did not have any performance requirements for 256QAM modulation order with dual layers in 2 Tx Antenna scenarios, 256QAM performance with dual layers in 2 Tx Antenna scenarios should be considered in Table 1 Test #3 and #5. Additionally, 4Tx Antenna scenarios also need to be evaluated for feasibility.
· Proposal 3: For high layers feasibility, evaluate 4Rx SU-MIMO performance under TM3 3 layers and TM4/9 4 layers 
· Proposal 4: For high modulation order (256QAM) feasibility, evaluate 4Rx SU-MIMO performance under 2 and 4 Tx Antenna scenarios

Tx EVM

As mentioned above, it was difficult to define reasonable performance requirement for high modulation with high layers scenarios in Rel-13 4RxAP WI. One of main reasons is Tx EVM values according to modulation order considered with RAN4 test case since throughput performance is limited by Tx noise term. Especially, Tx EVM can cause more performance loss for advanced receiver such as R-ML than that for MMSE receiver under high layers and Medium / High MIMO channel correlation conditions. Therefore, RAN4 needs to discuss Tx EVM value for 4Rx SU-MIMO receiver operation under high layers conditions, and consider 4 Rx SU-MIMO performance evaluation under low MIMO channel correlation under high layers even though Medium and high MIMO channel correlations are focused in this WI. 

· Proposal 5: Need to discuss Tx EVM value for 4 Rx SU-MIMO operation under high layers scenarios

· Proposal 6: Consider low MIMO channel correlation scenarios for 4 Rx SU-MIMO receiver under high layers scenarios
3 Reference Receiver
In the WID, R-ML receiver is high priority for reference receiver structure for 4 Rx SU-MIMO. From Rel-12, reference receivers for NAICS, 2 Rx SU-MIMO, and NOMA features were defined and listed in Table 3. For UE implementation perspective, unified receiver structure to support various advanced features is very efficiently, and the performance improvement of R-ML receiver was already verified with NAICS and 2 Rx SU-MIMO features. 
Table 3 Reference receiver for advanced feature
	Release
	Feature
	Reference Receiver

	Rel-12
	NAICS
	SLIC and R-ML

	Rel-12
	2Rx SU-MIMO
	R-ML and CWIC

	Rel-14
	NOMA
	R-ML


· Proposal 7: define R-ML receiver as reference receiver for 4 Rx SU-MIMO

4 Conclusion 
In this contribution, we provide our views on feasibility test scenarios and reference receiver for 4 Rx SU-MIMO feature, and propose
· Proposal 1: Reuse Rel-12 Type-C receiver test cases for 2 CRS APs, and Rel-13 4RxAP test cases for 4 CRS APs scenarios.

· Proposal 2: Focus on Medium A MIMO channel correlation for high modulation order and/or high layers conditions.

· Proposal 3: For high layers feasibility, evaluate 4Rx SU-MIMO performance under TM3 3 layers and TM4/9 4 layers 
· Proposal 4: For high modulation order (256QAM) feasibility, evaluate 4Rx SU-MIMO performance under 2 and 4 Tx Antenna scenarios

· Proposal 5: Need to discuss Tx EVM value for 4 Rx SU-MIMO operation under high layers scenarios

· Proposal 6: Consider low MIMO channel correlation scenarios for 4 Rx SU-MIMO receiver under high layers scenarios
· Proposal 7: define R-ML receiver as reference receiver for 4 Rx SU-MIMO
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