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1 Introduction
The SU-MIMO SI was concluded in RAN#63 meeting and the results were captured in the Rel 12 NAICS TR [1]. The SU-MIMO WI was approved in RAN meeting #63 as part of Rel 12 and the WID was captured in [2].

The objectives of the WI as described in [2] are:
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.
During the SI stage, companies provided link level simulation results for R-ML, SLIC and CWIC reference receivers as compared to Rel 11 LMMSE-IRC.
The scenarios used in the SI were chosen such that existing Rel 8/11 cases are reused, namely:

· 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 (TM 9), 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) 
In the WID, the reference receiver selection was assumed to be the same as those evaluated during the SI, namely, R-ML, SLIC, and CWIC.

IC (SLIC and CWIC) and R-ML receiver performance and complexity details for multicell were discussed in [3] and [4], respectively. These can be easily extended to single cell inter-stream.
In this contribution, we discuss the test case selection for SU-MIMO taking into account realistic deployment scenarios.
2 Discussion
During the SI, 3 single cell scenarios in addition to 3 multiple cell (Type A) receiver scenarios were studied.

Multiple cells (Type A-like) scenarios:
Since the WID clearly states that the scope of the feature is to enhance inter-stream performance, it is logical to conclude that inter-cell/inter-stream interference mitigation is not covered in this WI. Inter-cell/inter-stream interference mitigation is covered in the NAICS WI and mutlicell performance evaluations should be studied in that WI. Hence, in the SU-MIMO WI, we can prioritize single cell scenarios.

Proposal 1: For SU-MIMO WI, prioritize single cell multi-stream scenarios to enhance the inter-stream interference mitigation within the same cell.

Single cell scenarios:
The WI states that “The reuse of related, applicable Rel. 8-11 SU-MIMO scenarios is encouraged as much as possible.” Given this, we can leverage from existing test cases defined in Rel 11 to SU-MIMO. The 3 test cases suggested in the SI are a good starting point, namely:

· 36.101 8.2.1.3.1: Open loop spatial multiplexing (TM3)
· 36.101 8.2.1.4.2: Closed loop spatial multiplexing (TM4)

· 36.101 8.3.1.2: Dual-Layer Spatial Multiplexing (TM 9)

In addition to these test cases, RAN4 can also consider the following:

· 36.101 8.2.1.3.2: Open loop spatial multiplexing (TM3) – 4 Antenna Ports
· 36.101 8.2.1.4.3: Closed loop spatial multiplexing (TM4) – 4 Antenna Ports
The equivalent test cases for TDD should also be considered.
In general, to be able to get the benefit of SU-MIMO and show reasonable gains, we can prioritize focusing on high SNR cases with high MCS selection. 
Proposal 2: Prioritize the study of high MCS/SNR test cases for SU-MIMO

In addition to higher MCS and SNRs, using medium or high correlation channels may be used to further differentiate the SU-MIMO receiver from Rel 11 LMMSE-IRC where the later will be have a suboptimal performance in medium or high correlation channels.

Proposal 3: Prioritize the study of medium or high correlation channels for SU-MIMO
Given the above argument, we propose the test cases for SU-MIMO as shown in Table 1.
Table 1: Proposed PDSCH Demodulation Test Cases for SU-MIMO

	Section
	Spatial Multiplexing
	MCS
	Correlation

	8.2.1.3.1
	TM3 (2 Tx)
	Same as test 3 (64QAM)
	2x2 Medium or 2x2 High

	8.2.1.3.2
	TM3 (4 Tx)
	Same as test 1 (16QAM) OR

64QAM MCS 
	4x2 Medium or 4x2 High

	8.2.1.4.2
	TM4 (2 Tx)
	Same as test 1 (64QAM)
	2x2 Medium or 2x2 High

	8.2.1.4.3
	TM4 (4 Tx)
	Same as test 1 (64QAM)
	4x2 Medium or 4x2 High

	8.3.1.2
	TM9
	Same as test 1 (16QAM) OR

64QAM MCS
	2x2 Medium or 2x2 High


Channel State Information test cases
For CSI test cases, it is reasonable that the CQI/RI calculations can be different for SU-MIMO as compared to Rel 11 LMMSE-IRC in some scenarios. 
For PMI: There may be no need to define any PMI test cases as it can be covered using the existing legacy CSI test cases and can be implicitly tested using the TM4 and TM9 PDSCH demodulation tests.

Proposal 4: Consider not introducing PMI tests for SU-MIMO

For CQI: the CQI reported and the BLER achieved may be different as compared to LMMSE-IRC in fading cases. Static CQI tests may yield the same CQI/BLER statistics because of the use of an orthogonal channel. Given this, a UE using SU-MIMO receiver may be studied for CQI using a fading channel.
Proposal 5: Study CQI fading channel requirements for SU-MIMO and decide if any requirement changes need to be done. Reuse the same metrics already defined.

For RI: the use of a more advanced receiver as compared to LMMSE-IRC may have the following effects:

· Rank reported switch point from Rank 1 to Rank 2 may happen at lower SNR point

· BLER (and hence gamma values) may be different especially for test 3

· Rank 2 performance would outperform that of LMMSE-IRC and hence SU-MIMO receiver may be penalized when calculating gamma2

Hence it may be beneficial to study the RI requirements and decide if any changes are required.

Proposal 6: Study RI test for SU-MIMO and decide if any requirement changes need to be done. Reuse the same metrics already defined.
3 Conclusions
Proposal 1: For SU-MIMO WI, prioritize single cell multi-stream scenarios to enhance the inter-stream interference mitigation within the same cell.

Proposal 2: Prioritize the study of high MCS/SNR test cases for SU-MIMO

Proposal 3: Prioritize the study of medium or high correlation channels for SU-MIMO
Proposal 4: Consider not introducing PMI tests for SU-MIMO

Proposal 5: Study CQI fading channel requirements for SU-MIMO and decide if any requirement changes need to be done. Reuse the same metrics already defined.

Proposal 6: Study RI test for SU-MIMO and decide if any requirement changes need to be done. Reuse the same metrics already defined.
The following test cases can be considered for SU-MIMO:

PDSCH Demodulation:

· 36.101 8.2.1.3.1: Open loop spatial multiplexing (TM3)
· 36.101 8.2.1.4.2: Closed loop spatial multiplexing (TM4)

· 36.101 8.3.1.2: Dual-Layer Spatial Multiplexing (TM 9)

· 36.101 8.2.1.3.2: Open loop spatial multiplexing (TM3) – 4 Antenna Ports
· 36.101 8.2.1.4.3: Closed loop spatial multiplexing (TM4) – 4 Antenna Ports
CSI:

· CQI reporting in fading channel
· Reporting of Precoding Matrix Indicator (PMI)
· Reporting of Rank Indicator (RI)
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