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1 Introduction

The objectives for CSI requirements for 4Rx are specified in [1]. 
· WI scope includes CSI requirements for 4Rx antenna including
· CQI
· PMI
· RI
· CSI requirements support up to 4 layers
· No prioritization on number of layers
· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers
At RAN4#76bis, RAN4 has reached the following agreements on CSI requirements [2]:

· Agreement: Prioritize layer-3/4 for 4Rx CQI definition test over layer-1/2 CQI tests for 4Rx

· Tests from the CSI WF are further discussed, and if necessary email discussion on RAN4 reflector will be used to reach a list of tests to be evaluated for the next meeting

In this contribution, we will further provide our analysis on the 4RX CSI requirements.
2 Discussion

2.1 CSI UE CSI test cases selection
RAN4 has begun discussions on CSI requirements for 4Rx. However, there has been no progress on this topic. The CSI requirements for 4Rx are required to ensure the proper CSI reporting from 4Rx antenna ports. As specified in TS 36.101 [3] clause 9, requirements for the reporting of channel state information (CSI), the definition of SNR is in accordance as follows:
Where, 
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In TS 36.101 [3] clause 9 the test cases may be defined with different channel bandwidth to verify the same CSI requirement. In TS 36.101 clause 9.2 and 9.3 the CQI reporting performance requirements are specified for CQI reporting under AWGN conditions and fading conditions, respectively. The performance requirements for 4Rx are not specified. It is also important for CSI reporting to support up to 4 layers when feasible.  

The PMI reporting, requirements are specified in TS 36.101 [3] clause 9.4 and need to be extended for 4Rx. The same is necessary for reporting of Rank Indicator specified in TS 36.101 [3] clause 9.5.

2.2 CQI with 4Rx
The objective of the CQI tests is to make sure that the CQI report is aligned with the demodulation performance. CQI is tested by requirements on the variance of the reported CQI and the BLER based on the reported CQI. CQI need to be tested under AWGN conditions and fading conditions. It is also suggested to be tested with different reporting modes. The way forward agreement in [2] was to propose bigger list to start to evaluate and then down select. The proposed test cases for CQI reporting discussed in [2] are listed below.
Table 1: CQI Reporting Tests 

	Propagation condition
	Reporting
	TM
	Proposed new antenna configuration
	# of Layers
	Based on current test#

	AWGN
	PUCCH 1-0
	TM1
	1x4
	1
	9.2.1.1

	AWGN
	PUCCH 1-1
	TM4
	4x4
	2, 3 & 4
	9.2.2.1

	AWGN
	PUCCH 1-1
	TM9
	4x4
	3 & 4
	9.2.3.1

	EPA5
	PUCCH 1-0
	TM4
	4x4
	max rank 4
	9.3.2.1

	EPA5
	PUCCH 1-1
	TM9
	4x4
	
	9.3.2.2

	EPA5
	PUCCH 1-0
	TM1
	1x4
	1
	9.3.5.1

	EPA5
	PUCCH 1-1
	TM9
	2x4 / 4x4
	1
	9.3.5.2

	EVA5
	PUCCH 3-1
	TM4
	2x4
	max rank 2
	9.3.1.2

	EVA5
	PUSCH 3-2
	TM4
	4x4
	
	9.3.7 Test 1

	EVA5
	PUSCH 3-2
	TM9
	4x4
	
	9.3.7 Test 2

	EVA5
	TBD
	TM9
	4x4
	
	Enhanced Receiver Type C


Based on the RAN4 email discussions, there were investigations on down selection of CQI tests that is captured in Table 2 (FDD) and Table 3 (TDD) below highlighting the ones with high support level.
Table 2: FDD CQI Reporting Tests Investigation
	Propagation condition
	Reporting
	TM
	Proposed new antenna configuration
	# of Layers
	Based on FDD current test#
	High support level 

	AWGN
	PUCCH 1-0
	TM1
	2x4
	1
	9.2.1.1
	

	AWGN
	PUCCH 1-1
	TM4
	4x4
	3 &/or 4
	9.2.2.1
	Yes

	AWGN
	PUCCH 1-1
	TM9
	4x4
	3 
	9.2.3.1
	Yes

	EPA5
	PUCCH 1-0
	TM4
	4x4
	3 & 4
	9.3.2.1
	

	EPA5
	PUCCH 1-1
	TM9
	4x4
	3 & 4
	9.3.2.2
	

	EPA5
	PUCCH 1-0
	TM1
	1x4 or 2x4
	1
	9.3.5.1
	Yes

	EPA5
	PUCCH 1-1
	TM9
	2x4
	1
	9.3.5.2
	Yes

	EVA5
	PUSCH 3-2
	TM4
	4x4
	
	9.3.7 Test 1
	

	EVA5
	PUSCH 3-2
	TM9
	4x4
	
	9.3.7 Test 2
	

	Note: High level support is based on email discussions and contributions in [4], [5], [6], [7], & [8]. 


Table 3: TDD CQI Reporting Tests Investigation
	Propagation condition
	Reporting
	TM
	Proposed new antenna configuration
	# of Layers
	Based on TDD current test#
	High support level

	AWGN
	PUCCH 1-0
	TM1
	2x4
	1
	9.2.1.2
	

	AWGN
	PUCCH 1-1
	TM4
	4x4
	3 &/or 4
	9.2.2.2
	Yes

	AWGN
	PUCCH 1-1
	TM9
	8x4
	3 & 4
	9.2.3.2
	Yes

	EPA5
	PUCCH 1-0
	TM4
	4x4
	3 & 4
	9.3.2.1
	

	EPA5
	PUCCH 1-1
	TM9
	8x4
	3 & 4
	9.3.2.2
	

	EPA5
	PUCCH 1-0
	TM1
	1x4 or 2x4
	1
	9.3.5.1
	Yes

	EPA5
	PUCCH 1-1
	TM9
	2x4
	1
	9.3.5.2
	Yes

	EVA5
	PUSCH 3-2
	TM4
	4x4
	
	9.3.7 Test 1
	

	EVA5
	PUSCH 3-2
	TM9
	4x4
	
	9.3.7 Test 2
	

	Note: High level support is based on email discussions and contributions in [4], [5], [6], [7], & [8].


Based on our previous contribution [4], analysis of the existed CQI test, and after the email discussions we think more evaluations are needed in order to properly determine the essential 4Rx CQI test cases. Meaning more evaluations are needed to determine which CQI test cases should be down selected. In particular, we think more evaluations are needed to determine the fading test cases. Therefore, we provide a list of test cases that need more evaluations in Table 4.
Table 4: FDD CQI Reporting Fading Tests
	Propagation condition
	Reporting
	TM
	Proposed new antenna configuration
	# of Layers
	Based on FDD current test#

	EPA5
	PUCCH 1-0
	TM4
	4x4
	3 & 4
	9.3.2.1

	EPA5
	PUCCH 1-1
	TM9
	4x4
	3 & 4
	9.3.2.2

	EVA5
	PUSCH 3-2
	TM4
	4x4
	
	9.3.7 Test 1

	EVA5
	PUSCH 3-2
	TM9
	4x4
	
	9.3.7 Test 2


Observation 1: More evaluations are needed to determine the essential 4Rx fading test cases. 
2.3 PMI with 4Rx

The way forward agreement in [2] was to propose bigger list to start to evaluate and then down select. However, based on the discussions at RAN4#76bis meeting, there were two options for PMI reporting tests: 

· Option 1: No PMI test

· Option 2: PMI tests based on Table 5
The proposed test cases for PMI reporting discussed in [2] are listed below.
Table 5: PMI Reporting Tests
	Propagation condition
	TM
	Proposed new antenna configuration
	# of Layers
	Based on current 2Rx requirement section

	EVA5
	TM9
	4x4 or 8x4
	2, 3 or 4
	9.4.2.3

	
	
	
	Single and Multiple PMI report
	

	EVA5
	TM9
	4x4 or 8x4
	3 or 4
	9.4.1.4

	EVA5
	TM4
	4x4
	3 or 4
	9.4.1.1


We think PMI reporting should not be tested PMI in the demod test, Therefore, we think new PMI requirements based on 4Rx antenna ports need to be specified in order to handle the cases when the rank becomes higher than 2. PMI must be properly tested due to the 4Rx capability extension. 

Currently, the minimum performance requirements of PMI reporting in TM9 are defined based on the relative increase in throughput when the transmitter is configured according to the UE reports compared to the case when the transmitter is using random precoding. For TM9, PMI tests are required because the demodulation tests are defined with random beamforming. Based on our evaluation we think PMI reporting with 4Rx can be down selected to option 1 or option 2 as shown in Table 6.
Table 6: PMI Reporting Tests

	Options 
	Propagation condition
	Reporting
	TM
	Proposed new antenna configuration
	# of Layers
	Based on current 2Rx requirement section

	1
	EVA5
	PUSCH 1-2
	TM9
	4x4 or 8x4
	2, 3 or 4
	9.4.2.3

	2
	EVA5
	PUCCH 1-1
	TM9
	4x4 or 8x4
	3 or 4
	9.4.1.4


Proposal 1: PMI reporting should not be tested in the demod test.
Proposal 2: PMI reporting tests should be based on option 1 or option 2 in Table 6.
2.4 RI with 4Rx

New RI requirements based on 4Rx antenna ports need to be specified in order to cover the cases when the rank becomes higher than 2. These new RI tests should be extended up to rank-4 with 4Rx antenna ports. The possibility to handle more than 4 layers is one of the essential differences with 4Rx. Therefore, the demodulation of 4 layers and the rank indication both need to be tested for more than rank 2. The way forward agreement in [2] was to propose bigger list to start to evaluate and then down select. The proposed test cases for RI reporting discussed in [2] are listed below.
Table 7: RI Reporting Tests
	Options
	Propagation condition
	Reporting
	TM
	Proposed new antenna configuration
	Based on current 2Rx requirement section

	1
	EPA5
	PUCCH 1-1
	TM4
	2x4
	9.5.1.1

	2
	EPA5
	PUCCH 1-1
	TM9
	4x4
	9.5.2.1


Based on our previous contribution [4], analysis of the existed RI test and after the email discussions we think RI reporting with 4Rx can be down selected to option 1 or option 2 as shown in Table 7.
Proposal 3: PMI reporting tests should be based on option 1 or option 2 in Table 7.
3 Conclusion 

In this contribution, we provided our analysis on the 4RX CSI requirements. We also have the following proposals.

Observation 1: More evaluations are needed to determine the essential 4Rx fading test cases. 
Proposal 1: PMI reporting should not be tested in the demod test.
Proposal 2: PMI reporting tests should be based on option 1 or option 2 in Table 6.

Proposal 3: PMI reporting tests should be based on option 1 or option 2 in Table 7.
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