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1 Introduction
In this contribution the requirement coverage of CSI reporting proposed by Intel, Huawei and Ericsson are discussed for the case when the numbers of receivers are increased to 4.  The differences between the proposals are discussed and I hope it can trigger a discussion on the proposed coverage.

2 Scope of CSI requirements

The general objective of this work item is to specify DL UE performance and CSI requirements for 4 Rx AP.The detailed objectives should include the following.
· Specify CSI requirement for 4 Rx AP including 
· CQI

· PMI

· RI

The requirements for CSI are specified in Chapter 9 of 36.101, Reporting of Channel State Information. 
3 Discussion

The CSI requirements are needed to guarantee the proper CSI reporting from 4 Rx ports. By definition CQI is calculated assuming one codeword for RI=1 and two codewords for RI > 1. With maximum 2 CQIs feed back from UE side it’s considered to be a good tradeoff between throughput gains and feedback overhead in terms of CQI and HARQ ACK/NACK feedback. When 4 Rx AP are present it’s necessary to have new CQI requirements to test that the UE follows the CQI definition for dual codewords in case of RI>2. Also new PMI and RI requirements based on 4 Rx AP need to be specified in order to cover the cases with RI>2.
The CSI performance is specified in 36.101, section 9.  In section 9.2 and 9.3 the CQI reporting  performance requirements are  specified for AWGN and fading conditions respectively. It has to be considered which requirements that are needed to be added for 4Rx. When 4 layers are feasible it is important that the CSI reporting supports this.  For the CQI requirements we propose to extend the PUCCH 1-0 and PUCCH 1-1, both for default receiver and for IRC receiver.

The PMI reporting, requirements need to be extended with 4 receiver antennas shall be included for the PMI reporting in section 9.4 and reporting of Rank Indicator in section 9.5.
3.1 CQI

The aim of the CQI tests is to test that the CQI report is aligned with the demodulation performance. There are no absolute CQI requirements, only to test that the reported CQI leads to a BLER performance around 10%.
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 in AWGN as well as in fading conditions with >2  layers.  It is proposed to check the requirements in tests with up to 4 layers based on the current tests in 36.101.
In Table 1, the proposals from [1], [2] and[3] are compiled. 

Table 1 Proposed new CQI tests by Ericsson, Intel and Huawei to be investigated.

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

	AWGN
	PUCCH 1-0
	TM1
	1x4
	1
	9.2.1.1
	Huawei

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

	AWGN
	PUCCH 1-1
	TM9
	4x4
	3 & 4
	9.2.3.1
	Ericsson, Intel, Huawei

	EPA5
	PUCCH 1-1
	TM9
	4x4
	
	9.3.2.2: 
	Ericsson

	EPA5
	PUCCH 1-0
	TM1
	1 x 4
	1
	9.3.5.1
	Intel

	EPA5
	PUCCH 1-1
	TM9
	2x4 /4x4
	1
	9.3.5.2
	Ericsson, Intel, Huawei

	EVA5
	PUSCH 3-2
	TM6
	4x4 
	
	9.3.7 Test 1
	Ericsson

	EVA5
	PUSCH 3-2
	TM9
	4x4 
	
	9.3.7 Test 2
	Ericsson

	EVA5
	
	TM9
	4x4 
	
	Enhanced Receiver Type C
	Ericsson


From this list of testcases the main difference is that we propose to test subband reporting by testing the PUSCH 3-2. The rational to also test subband reporting is that the statistics of the channel change with 4Rx and it is relevant to also test other then the most straight forward test cases.
Observation 1: There is quite a good alignment for CQI report testing for full band reporting in TM4 and TM9 with PUCCH 1-0 and PUCCH 1-1 reporting. Huawei and Intel are also proposing a TM1 test. Ericsson is proposing PUSCH 3-2 reporting as well to test subband CQI reporting with 4Rx.
3.2 PMI
The current minimum performance requirements of PMI reporting (reporting of precoding Matrix) 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.

Table 2 Proposed new PMI test.

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

	EVA5
	TM9
	4x4 or 8x4  
	2, 3 or 4
	9.4.2.3
	Ericsson, Intel and Huawei (8x4)


Observation 2: The requirements on PMI reporting differes in that Huawei proposes follow PMI tests for rank 3 and 4 demodulation testcases. Huawei wants new testcase for PMI with 8 Tx ports. Ericsson and Intel are reasonably aligned.
3.3 RI

It is clearly important to test the performance of the rank indicator when the rank becomes higher than 2. The possibility to handle more than 4 layers is one of the essential differences with 4 receivers. Therefore both the demodulation of 4 layers and the rank indication needs to be tested for more than rank 2.
Table 3 Proposed new RI tests.

	Propagation condition
	Reporting 
	TM
	Proposed new antenna configuration
	Based on current 2Rx requirement section
	Proposed by

	EPA5
	PUCCH 1-1
	TM4
	2x4
	9.5.1.1
	Intel, Huawei

	EPA5
	PUCCH 1-1
	TM9
	4x4 
	9.5.2.1
	Ericsson, Intel


Observation 3: For Rank indication testcases there is an alignment in that it should be tested for TM4 and/or TM9 based on existing testcases. 

Observation 4: There are two proposals of what legacy requirements the 4Rx  requirements  shall be based on, 9.5.1.1 and 9.5.2.1.  
4 Conclusions

Observation 1: There is quite a good alignment for CQI report testing for full band reporting in TM4 and TM9 with PUCCH 1-0 and PUCCH 1-1 reporting. Huawei and Intel are also proposing a TM1 test. Ericsson is proposing PUSCH 3-2 reporting as well to test subband CQI reporting with 4Rx
Observation 2: The requirements on PMI reporting differes in that Huawei proposes follow PMI tests for rank 3 and 4 demodulation testcases. Huawei wants new testcase for PMI with 8 Tx ports. Ericsson and Intel are reasonably aligned.

Observation 3: For Rank indication testcases there is an alignment in that it should be tested for TM4 and/or TM9 based on existing testcases. 

Observation 4: There are two proposals of what legacy requirements the 4Rx  requirements  shall be based on, 9.5.1.1 and 9.5.2.1.  
5 References
[1] R4-154590: CSI tests for 4Rx, Ericsson
[2] R4-154140: Discussion on 4 RX AP UE PDSCH CSI tests, Intel
[3] R4-154240
Discussion and evaluation on 4RX CSI requirements, Huawei, HiSilicon
