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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. This is a resubmission of [1] from RAN4#75 in Fukuoka.
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 receivers is not specified, therefore it has to be considered which requirements that are needed to be added. 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 that guarantees that the performance of the CSI reporting when 3 or 4 layers are used has a good performance. 
As an example of the rankdistribution, the following plot. It is an simulation in an ideal environment without any Tx EVM so it shows the example of an ideal rank distribution but the actual values will be even higher with a real transmitter. 
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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 in this ideal environment. Based on that it probably is difficult to test the 4 Layer RI in a realistc environment, 3 Layers RI test may be considered.
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 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
	Extension of current 9.3.2.2: Minimum requirement PUCCH 1-1 (CSI Reference Symbol) with 4 Layers.

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

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

	EVA5
	PUSCH 3-2
	TM6
	4x4 
	9.3.7 Test 1

	EVA5
	PUSCH 3-2
	TM9
	4x4 
	9.3.7 Test 2

	EVA5
	
	TM9
	4x4 
	Enhanced Receiver Type C


The CQI report needs to be extended to get a good coverage of UE performance requirements when 4 receivers are used. 

3.1.1 TM9 with PUCCH 1-1 in AWGN

CQI performance of TM9 transmissions with PUCCH 1-1 is a basic test for 4 transmitters, 4 receivers with 2 and 4 layers. This testcase use the orthogonal channels defined in annex B1. The layers do thereby not interfere with each other and 4 layers is possible to run. 
The 2 layers test with 4 transmitters and 4 receivers is exactly the same test as for 4 transmitters and 2 receivers. The only difference is that the median CQI for 4 receivers will be higher than for 2 receivers. Simulation results for PUCCH 1-1 in AWGN based on section 9.2.3 in 36.101.
Table 2: Simulation results for TM9, PUCCH 1-1 with Antenna configuration 4x2 and 2 layers
	SNR
	7
	8
	13
	14

	Median CQI
	9
	9
	12
	12

	BLER 
(median CQI -1)
	0
	0
	0.001
	0

	BLER 
(Follow CQI) 
	0.003
	0.108
	0.001
	0.151

	BLER 
(median CQI+1) 
	1
	1
	1
	1


Table 3: Simulation results for TM9, PUCCH 1-1 with Antenna configuration 2x4 and 2 layers

	SNR
	7
	8
	13
	14

	Median CQI
	10
	11
	13
	14

	BLER 
(median CQI -1)
	0
	0.001
	0
	0.003

	BLER 
(Follow CQI) 
	0.05
	0.016
	0.312
	0.060

	BLER 
(median CQI+1) 
	1
	1
	1
	1


Table 4: Simulation results for TM9, PUCCH 1-1 with Antenna configuration 4x4 and 4 layers
	SNR
	7
	8
	13
	14

	Median CQI
	7
	7
	10
	10

	BLER 
(median CQI -1)
	0.080
	0.079
	0.091
	0.043

	BLER 
(Follow CQI) 
	0.117
	0.110
	0.206
	0.175

	BLER 
(median CQI+1) 
	0.519
	0.190
	0.364
	0.312


The test requirement is that BLER at median CQI-1 is less than 10% and that BLER at median CQI +1 is larger than 10%. 

These simulations show that the test with 4 layers is feasible for this AWGN case.

A test with 2 receivers and 2 Layers gives according the simulations a median CQI=12. When the same test is performed for 4 receivers , the medium CQI is 2-3 dB higher than for 2 receivers. This leads to max CQI= 14 for 4Rx. Thereby, the CQI level will not reach the maximum CQI=15 and thereby it indicates that the test will work in practice.
Observation 1: Simulation results show that it is feasible to test TM9 with PUCCH 1-1 reporting for 4Rx with both 2 and 4 layers according the testsetup for 2Rx.
3.1.2 TM9 with PUCCH 1-1 with on propagation condition EPA5
The test with TM9 with propagation condition EPA5 as tested in section 9.3.2.2 in 36.101,  is also considered for a test with 4Tx and 4Rx. 

TM9 should be tested with 4 Receivers and if possible more than 2 layers in a fading environment to test the CQI performance with more than two layers.

First it has to be evaluated if the current test setup but with 4 Rx antennas and 2 layers can be tested according this setup. Then it has to be evaluated if more layers is feasible with the current setup or if the antenna correlation needs to be decreased to make 3 layers feasible.

3.1.3 TM1 with PUCCH 1-0 reporting for enhanced receiver Type A
The test with TM1 with propagation condition EPA5 as tested in section 9.3.5.1in 36.101, is also considered for a test with 1Tx and 4Rx in order to test the CQI performance for  enhanced receiver TypeA with Cell Specific Reference symbols when 4 receivers are activated.

3.1.4 TM9 with PUCCH 1-1 reporting for enhanced receiver Type A

The test with TM1 with propagation condition EPA5 as tested in section 9.3.5.2 in 36.101, is also considered for a test with 2Tx and 4Rx in order to test the CQI performance for  enhanced receiver TypeA with CSI Reference symbols when 4 receivers are activated.

3.1.5 TM6 and TM9 with PUSCH 3-2 reporting 

The test with TM6 with propagation condition EVA5 as tested in section 9.3.7 in 36.101, is also considered to be tested for antenna configuration 4x4 in order to test sub-band reporting of CQI when 4 receivers are used. 
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.

It is important to test that the UE can deal with the precoders that are used when 4 receivers, and especially more than 2 layers, are activated. 

For the PMI it is proposed to extend the existing dual layer testcase with propagation condition EVA6 in sections 9.4.2.3.3 and 9.4.2.3.4 to three or  four layers if it is feasible.
Table 5 Proposed new PMI test.

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

	EVA5
	TM9
	4x4 or 8x4  
	9.4.2.3


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.
For the rank indication it is proposed to extend the existing requirements with a test for 3 Layers.
Table 6 Proposed new RI tests.

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

	EPA5
	PUCCH 1-1
	9
	4x4 
	9.5.2 Test1,


4 Conclusions

Observation 1: Simulation results show that it is feasible to test TM9 with PUCCH 1-1 reporting for 4Rx with both 2 and 4 layers.

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