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1. Introduction
In RAN4 #77, there were further discussion for CSI test for 4 Rx UE but no formal agreements were reached due to lack of enough online/offline discussion. In this contribution, we provide our view on test case selection for 4 Rx CSI requirements. 
2. Test applicability

There is an ongoing discussion for test applicability and methodology for legacy 2 Rx tests for 4 Rx UE. In ad-hoc discussion [1], following agreements were made regarding high level principle of 4 Rx test methodology. 
· Definition of type of UEs

· Type 1: UEs only support 2Rx in certain bands and support 4Rx in the other bands

· Type 2: UE support 4Rx in all the bands.

· All 2RX tests can be tested for Type 1 UEs on a 2RX band. AP connection follows Option 1 Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.
For type 1 UE, all legacy 2 Rx tests will be tested on 2 Rx band. Type 1 UE also is required to fulfill selected set of 4 Rx demodulation and CSI tests on 4 Rx band to verify 4 Rx performance. Therefore, irrespective of decision on test methodology for type 2 UE, RAN4 should specify set of 4 Rx CSI requirements to verify essential CSI feedback performance of 4 Rx UE. 
Proposal 1. RAN4 should specify small set of 4 Rx CSI requirements to verify essential CSI feedback performance of 4 Rx UE. 

3. CQI test
PDSCH demodulation with 4 Rx antenna can provide improved diversity gain for rank 1 and rank 2 PDSCH as well as enhanced peak throughput with rank 3 and rank 4 PDSCH in favorable channel condition. In order to harvest full benefit from improved PDSCH demodulation performance, CQI reporting should properly reflect 4 Rx antenna demodulation performance. 

For CQI reporting for rank 1 and rank 2 PDSCH, UE can reuse most of CSI calculation function of existing 2 Rx CSI calculation. The only necessary change is effective CINR calculation to reflect 4 Rx demodulation performance. In order to verify that effective CINR calculation is also using 4 Rx antenna port, we would like to propose to specify CQI definition test for 4 Rx UE. It would be desirable to cover both rank 1 and rank 2 CQI reporting as well as CRS based and CSI-RS based CQI reporting. 
Proposal 2. Specify rank 1 and rank 2 CQI definition test for 4 Rx UE for following cases. 

· TM1 rank 1 CQI definition test (9.2.1.1, 9.2.1.2)
· TM9 rank 2 CQI definition test (9.2.3.1, 9.2.3.2)

For PDSCH demodulation test, it was observed that 4 Rx MMSE-IRC receiver can provide significant gain. RAN4 agreed to introduce PDSCH demodulation test for 4 Rx MMSE-IRC receiver. Therefore, it would be desirable also to verify CQI reporting of MMSE-IRC receiver to make it sure MMSE-IRC gain of 4 Rx UE is properly captured in CQI reporting. 
Proposal 3. Specify CQI reporting requirement for 4 Rx MMSE-IRC receiver for following cases
· TM1 CQI test for MMSE-IRC receiver (9.3.5.1)

· TM9 CQI test for MMSE-IRC receiver (9.3.5.2)

CQI calculation for rank 3 and rank 4 PDSCH requires new functionality of calculating effective CINR for 3 or 4 layer MIMO and mapping CINR for 2 layer into CQI for one codeword. This new functionality should be verified by rank 3 and rank 4 CQI test. We would like to propose CQI definition test to verify rank 3 and rank 4 CQI reporting of 4 Rx UE. 
Proposal 4. Specify rank 3 and rank 4 CQI definition test for 4 Rx UE for following cases. 

· TM4 rank 4 CQI definition test (9.2.2.1, 9.2.2.2)

· TM9 rank 3 CQI definition test (9.2.3.1, 9.2.3.2)

4. PMI test

Purpose of PMI test is to verify accuracy of PMI reporting in CSI feedback. For given rank, UE selects PMI that can provide highest throughput. Depending on CSI reporting mode, UE can provide wideband or subband PMI. For rank 1 and rank 2, PMI selection/reporting functionality of 4 Rx UE is essentially same as 2 Rx UE. Once UE calculates effective CINR for all PMI candidates based on 4 Rx receiver processing, subsequent PMI selection and reporting procedure is same as 2 Rx UE. Also, PMI selection depends on channel correlation at the eNB transmitter and is not affected by number of UE receiver antenna. We can also assume that PMI feedback accuracy of 4 Rx UE is verified by PDSCH demodulation test for TM4 and TM6 MMSE-IRC test. TM4 test is defined with rank 2 subband PMI feedback and TM6 MMSE-IRC test is defined with rank 1 wideband PMI feedback. 
Proposal 5. Specify no rank 1 PMI reporting requirement.
We would like to point out that all existing PMI test is defined for rank 1 PMI reporting with fixed MCS PDSCH transmission. For rank 1 CSI feedback, UE selects PMI that maximizes PDSCH throughput of one codeword. Therefore, PMI selection to maximize throughput is optimal even for fixed MCS PDSCH scheduling. However, for CSI feedback for rank 2, 3, 4 PDSCH, UE selects PMI that maximizes sum throughput of codeword 0 and codeword 1. Depending on channel realization, UE can select PMI that leads to asymmetric CQI for two codewords. If PDSCH is scheduled with fixed MCS, UE’s PMI selection with asymmetric CQI feedback is not optimal. 
Observation 1. Existing PMI test method is designed to work for only rank 1 PMI reporting. 
Proposal 6. Specify no PMI reporting requirement for 2, 3 or 4 layer MIMO. 

5. RI reporting
Purpose of RI test is to verify that UE is reporting RI feedback that best fits the channel condition. Existing RI test is based on ratio of variable MCS PDSCH throughput between fixed rank and variable rank scheduling in various channel conditions. 3 tests are defined for (1) low CINR in low correlation channel (2) high CINR in low correlation channel and (3) high CINR in high correlation channel. Note that, in existing RI test, UE is supposed to report RI up to rank 2. 
For 4 Rx UE, UE can report up to rank 2 or rank 4 depending on supported MIMO layer. Figure 1 shows RI simulation results for 4 Rx UE supporting 4 layer MIMO with 4x4 antenna configuration. Simulation parameters are summarized in table 1. 

When UE and/or eNB supports up to 2 layer MIMO, RI reporting behavior of 4 Rx UE would be more or less same except that CINR regime for rank 2 operation is lower than 2 Rx UE. In existing RI test for 2 Rx UE, test 1 is defined at CINR 0dB in low correlation channel with gamma 2 metric under the assumption that UE will be operating in rank 1 regime. However, for 4 Rx UE, we can observe that switch to rank 2 regime happens at CINR -3dB and thus UE is operating in rank 2 at CINR 0dB. Also, we can see that UE is well into rank 2 regime even at CINR 10dB. 
Observation 2. For 4 Rx UE, switching to rank 2 operation happens at lower CINR than 2 Rx UE. 

Proposal 7. RAN4 should discuss whether it is necessary to specify rank 1/2 RI test for 4 Rx UE with revised CINR test point.  

When UE and eNB supports 4 layer MIMO, UE can report rank 3 or rank 4 under good channel condition. For proper operation of rank 3 and rank 4 MIMO, it is essential to make it sure that UE can report rank 3 RI under such condition. In low correlation channel, we can observe that UE starts to reporting rank 3 from CINR 17dB. For test case definition, we should consider higher CINR point to guarantee reliable rank 3 RI reporting and reasonable throughput gain from follow rank operation. For example, at CINR 23dB, gamma 2 metric is higher than 1.3 and thus it seems feasible to specify a new RI test. 
Proposal 8. Specify a new RI test for rank 3 RI reporting. Consider using gamma 2 metric in low correlation channel and CINR test point of 23dB. 
Table 1. RI test configuration

	Parameter
	Unit
	Value

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	dB
	-3

	
	(
	dB
	0

	Propagation condition and antenna configuration
	
	4 x 4 EPA5 Low Corr

4 x 4 EPA5 High Corr

	Cell-specific reference signals
	
	4

	Beamforming Model
	
	As specified in Section B.4.3

	CodeBookSubsetRestriction bitmap
	
	000000000000FFFF for fixed RI = 1

00000000FFFF0000 for fixed RI = 2

FFFFFFFFFFFFFFFF for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-1
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Figure 1. RI simulation for 4 Rx UE supporting 4 layer MIMO (4x4)
6. Conclusions

In this contribution, we provide our view on test case selection for 4 Rx CSI requirements. . Our observations and proposals are
Observation 1. Existing PMI test method is designed to work for only rank 1 PMI reporting. 

Observation 2. For 4 Rx UE, switching to rank 2 operation happens at lower CINR than 2 Rx UE. 

Proposal 1. RAN4 should specify small set of 4 Rx CSI requirements to verify essential CSI feedback performance of 4 Rx UE. 

Proposal 2. Specify rank 1 and rank 2 CQI definition test for 4 Rx UE for following cases. 

· TM1 rank 1 CQI definition test (9.2.1.1, 9.2.1.2)

· TM9 rank 2 CQI definition test (9.2.3.1, 9.2.3.2)

Proposal 3. Specify CQI reporting requirement for 4 Rx MMSE-IRC receiver for following cases

· TM1 CQI test for MMSE-IRC receiver (9.3.5.1)

· TM9 CQI test for MMSE-IRC receiver (9.3.5.2)

Proposal 4. Specify rank 3 and rank 4 CQI definition test for 4 Rx UE for following cases. 

· TM4 rank 4 CQI definition test (9.2.2.1, 9.2.2.2)

· TM9 rank 3 CQI definition test (9.2.3.1, 9.2.3.2)

Proposal 5. Specify no rank 1 PMI reporting requirement. 

Proposal 6. Specify no PMI reporting requirement for 2, 3 or 4 layer MIMO. 

Proposal 7. RAN4 should discuss whether it is necessary to specify rank 1/2 RI test for 4 Rx UE with revised CINR test point.  

Proposal 8. Specify a new RI test for rank 3 RI reporting. Consider using gamma 2 metric in low correlation channel and CINR test point of 23dB. 
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