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1. Introduction

In RAN #73 meeting the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was approved [1]. The work item has the following objective on the SU-MIMO IM enhancements:
	· 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 receive antennas UEs.

· Stage 2: Specify UE demodulation performance requirements to verify enhanced SU-MIMO receivers for the UEs equipped with 4 RX antennas


In the previous meeting it was agreed that “Companies are encouraged to provide analyses on CSI tests in next meeting” [2]. In this contributions we provide the respective analysis.
2. Discussion
In our view, there are two key questions to be addressed as a part of requirements definition:
1) If 4RX R-ML can satisfy all legacy tests?

2) If any additional test cases are needed?

2.1 Legacy CSI requirements
In the scope of the Rel-13 4RX WI a set of test cases to verify 4RX capable UE CSI reporting functionality was introduced. In addition, it is assumed that 4RX UE should pass the 2RX tests (using one of the connection methods). The requirements were defined under assumption of using MMSE receivers. In general, the results may change in case of using R-ML processing and the performance needs to be confirmed. Below we provide a preliminary analysis:

· 2RX test cases (9.2 – 9.5)

· 4RX capable UEs with 2Rx supported RF bands 
=> No performance issues as the test is conducted on the 2RX band and 2RX capabilities apply
· 4RX capable UEs without any 2Rx supported RF bands 
=> Further verification if UE can pass all the requirements may be required. Preliminary analysis shows that there are no issues.
· 4RX test cases (9.9)

· 
9.9.1
CQI reporting definition under AWGN conditions
· 9.9.1.1
Minimum requirement PUCCH 1-0 with Rank 1 (Cell-Specific Reference Symbols) 
=> TM1, no difference between R-ML and LMMSE 

· 9.9.1.2
Minimum requirement PUCCH 1-1 with Rank 2 (CSI Reference Symbols) 
=> No performance issues identified.
· 9.9.1.3
Minimum requirement PUCCH 1-1 with Rank 4 (Cell-Specific Reference Symbols) 
=> No performance issues identified.
· 9.9.1.4
Minimum requirement PUCCH 1-1 with Rank 3 (CSI Reference Symbols)
=> No performance issues identified.
· 9.9.2
CQI reporting definition under fading conditions

· 9.9.2.1
Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbol) for enhanced receiver Type A 

=> TM1, no difference between R-ML and LMMSE
· 9.9.2.2
Minimum requirement PUCCH 1-1 (CSI Reference Symbol) for enhanced receiver Type A 

=> Rank 1 test, no difference between R-ML and LMMSE
· 9.9.3
Reporting of Precoding Matrix Indicator (PMI) for 4Rx UE 

=> No impact from using SU-MIMO receiver
· 9.9.4
Reporting of Rank Indicator (RI)

· 9.9.4.1
Minimum requirement (Cell-Specific Reference Symbols) 

=> Analysis shows that 4RX SU-MIMO receiver can pass the test
· 9.9.4.2
Minimum requirement (CSI Reference Symbols) 
=> Analysis shows that 4RX SU-MIMO receiver can pass the test
Proposal #1:
Confirm that 4RX R-ML capable UE can pass the legacy 4RX performance requirements.
2.2 Additional CSI performance requirements
Another important question to understand is whether any additional CSI reporting requirements are needed to ensure that UE takes into account enhanced demodulation processing for the CSI calculation. In general, if UE takes R-ML processing into account for CSI calculation some benefits in terms of CQI and RI reporting may be expected and such UE may achieve better performance in the field. The CQI can generally be adjusted using OLLA, while the RI adjustment is usually not done this way and hence using enhanced CSI reporting may provide benefits. The topic of CSI reporting in application to enhanced receivers was already extensively discussed in the scope of the Rel-12 SU-MIMO WI. During this work it was observed that it is very difficult to identify the scenarios where enhanced CSI reporting provides testable performance improvement and where the test can discriminate different UE behaviours. In the end, such scenarios were not identified and no requirements were defined.

Below, we provide a preliminary analysis of throughput performance under assumption of follow CQI/RI for 3 different UE types which have different demodulation and CSI reporting assumptions:

1) UE #1: MMSE demodulation + MMSE CSI (legacy UE)
2) UE #2: R-ML demodulation + MMSE CSI (Enhanced UE without CSI enhancements)
3) UE #3: R-ML demodulation + R-ML CSI (Enhanced UE)
The simulation assumption are aligned with those used in the Rel-12 SU-MIMO WI [3].
Table 1. Simulation assumptions

	Parameter
	Values

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Scenarios
	1) TM3 4 x 4, ULA Medium A 
2) TM4 4 x 4, ULA Medium

	Num. of cells
	1
	

	Channel model
	EPA5

	CRS configuration
	4 CRS

	PCFICH
	CFI = 2

	Maximum number of HARQ transmissions
	1

	Reporting periodicity
	5 ms

	PCFICH/PDCCH detection
	Ideal detection

	CQI
	Follow

	PMI
	Follow

	RI reporting
	Follow Rank

	Resource allocation
	Full band (50 PRB)

	Cyclic prefix
	Normal

	Tx EVM
	6%

	Channel estimation
	MMSE channel estimation


Initial simulation results are illustrated in Figure 1. Actually the results show that the performance of all 3 UEs is rather close to each other and different UE behaviour cannot be differentiated. The observations are very much aligned with those observed in the Rel-12 SU-MIMO work. At the same time, we want to note that the analysis below covers a very small set of scenarios and additional evaluations for other scenarios may be beneficial.
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	Figure 1. SU-MIMO CSI test


Proposal #2:
Further study the possible scenarios for additional SU-MIMO CSI performance requirements definition.
3. Conclusions

In this contribution we provided our views on the enhanced SU-MIMO IM CSI reporting. In summary, we make the following proposals:

Proposal #1:
Confirm that 4RX R-ML capable UE can pass the legacy 4RX performance requirements.
Proposal #2:
Further study the possible scenarios for additional SU-MIMO CSI performance requirements definition.
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