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1 Introduction
In this contribution the requirement coverage of CSI reporting is discussed for the case when the numbers of receivers are increased to 4. 
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. The performance requirements for 4 receiver with 4 layers antennas shall be specified as well. We do not see the need to extend the 1 or 2 layers reporting with 3 or 4 receivers but 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.
It is important to add requirements so that it is guaranteed that the performance of the CSI reporting when 3 or 4 layers are used is guaranteed. 
As an example of the rankdistribution, the following plot 
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Figure 1: The rank distribution for the New Medium Antenna Correlation

In the figure it is indicated that 4 layers are only supported for very high SNRs. The RI test to check the performance that the fixed 3 and 4 Layers performance is worse than the Follow RI test would be at SNR>25 dB. Based on that is is difficult to test the 4 Layer RI, instead 3 Layers RI test can be considered.
3.1 CQI

CQI is tested by requirements on the 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 order to have a broad coverage of the CSI testing both AWGN and fading needs to be tested as well as different reporting modes.
Table 1 Proposed new CQI tests to be investigated.

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

	AWGN
	PUCCH 1-1
	TM9
	4x4
	9.2.3: Minimum requirement PUCCH 1-1 (CSI Reference Symbols)

	EPA5
	PUCCH 1-1
	TM9
	4x4 ULA High
	Extension of current 9.3.2.2: Minimum requirement PUCCH 1-1 (CSI Reference Symbol) with 4 Layers.

	EPA5
	PUCCH 1-0
	TM1
	4 x 4 ULA High
	9.3.5.1: Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbol) for Enhanced receiver Type A

	EPA5
	PUCCH 1-1
	TM9
	2x4 Low
	9.3.5.2: enhanced receiver Type A

	EVA5
	PUSCH 3-2
	TM6
	4x4 ULA Low
	9.3.7 Test 1

	EVA5
	PUSCH 3-2
	TM9
	4x4 New Medium
	9.3.7 Test 2

	EVA5
	
	TM9
	4x4 
	Enhanced Receiver Type C


3.2 PMI
For the PMI it is proposed to extend the existing dual layer testcase in sections 9.4.2.3.3 and 9.4.2.3.4 to four layers
Table 2 Proposed new PMI test.

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

	EVA5
	TM9
	(8x4)  New medium XPOL correlation
	9.4.2.3


3.3 RI

For the rank indication it is proposed to extend the existing requirements with a test for 3 Layers.
Table 3 Proposed new RI tests.

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

	EPA5
	PUCCH 1-1
	9
	4x4 New Medium
	9.5.2 Test1,


4 Conclusions

Proposal 1: The tests above shall be considered for the CSI tests.
