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1 Introduction

In RAN #67 meeting, a new WID [1] named as “New Work Item: LTE DL 4 Rx antenna ports” was approved, in which the objective on CSI requirements is described as:
The objectives for CSI requirements for 4 Rx AP are the following 

· WI scope includes CSI requirements for 4 Rx 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.
While, in the previous RAN4 #74bis and RAN4 #75 meeting, there was not any discussion and progress on this topic. In this meeting, we will further provide our analysis on the 4RX CSI requirements. 

2 Feasibility of high rank with fading channel
In the previous RAN4 meeting, there were many discussions on the feasibility of high rank scenarios in realistic network, and most companies hold a negative prospect on the feasibility of high rank in real network.
Additionally, contributions[2]~[5] provided evaluation to show the probability of high rank and the performance gain with different rank, similar observations were achieved that a very high SNR condition is required to perform high rank to achieve the spatial-multiple gain, especially for 4 layer transmission.
So, based on concerns on the high rank with fading channel, the feasibility of RANK/PMI/CQI requirements for rank3/4 with fading channel would become questionable, so, we propose that:

Proposal 1: At least fading channel CSI requirements, RAN4 firstly evaluate the benefit of high rank under realistic assumptions and then determine whether to introduce rank3/4 CSI requirements.

3 Discussion on CSI tests
In this section, we would like to discuss the CSI requirements for rank, CQI and PMI separately. 
3.1 CQI

Based on our previous contribution [5], after analysis on the existed CQI test, we propose to at least the CQI definition tests with rank1/2/3/4 and the Type-A receiver fading tests with rank1 for 4RX CQI tests. 

Proposal 2: The CQI definition tests (with rank1/2/3/4) and the Type-A receiver fading tests (with rank1) should be introduced for 4RX UE. 

Without involving the redundant discussion on the test setup, we would like to reuse the legacy CQI test setup, the test setups for CQI definition requirements are proposed in Table 1, and for Type-A receiver fading tests in Table 2:
Table 1 Test setup for 4RX CQI definition requirements 

	Parameters
	Test 1
	Test 2 
	Test 3 
	Test 4

	Reference test cases
	section 9.2.1.1
	Section 9.2.2.1
	Section 9.2.3.1
	Section 9.2.3.1

	 Bandwidth 
	10Hz
	10MHz
	10MHz
	10MHz

	PDSCH transmission mode
	TM1
	TM4
	TM9
	TM9

	Antenna configuration
	1x4
	2x4 
	4x4
	4x4

	Propagation channel
	static channel
	static channel
	static channel
	static channel

	CRS port
	0
	0,1
	0,1
	0,1

	CSI-RS port
	-
	-
	15,16,17,18
	15,16,17,18

	CSI feedback
	PUCCH 1-0
	PUCCH 1-1
	PUCCH 1-1
	PUCCH 1-1

	Rank
	Fixed rank 1
	Fixed rank 2 
	Fixed rank 3
	Fixed rank 4

	PMI
	Fixed PMI
	Fixed PMI
	Fixed PMI
	Fixed PMI

	Test metric
	legacy metric
	legacy metric
	FFS
	FFS


Table 2 Test setup for type-A receiver CQI requirements 
	Parameters
	Test 1 (reference section 9.3.5.2.1)

	
	Cell 1
	Cell 2

	 Bandwidth 
	10Hz
	10Hz

	PDSCH transmission mode
	TM4
	TM1

	Antenna configuration
	2x4 low
	1x4

	Propagation channel
	EPA
	static channel (Note)

	CRS port
	0, 1
	0

	CSI-RS port
	15,16
	-

	CSI feedback
	PUCCH 1-1
	-

	Rank
	Fixed rank 1
	-

	CodeBookSubsetRestriction
	001111
	Fixed PMI


Note: Static channel is used for the interference model. In case for white Gaussian noise model Cell 2 is not present.

Based on above analysis, it’s proposed that:
Proposal 3: Take the test setup as candidate cases in table 1 and 2 for 4RX CQI requirements. 

3.2 PMI

Based on our previous contribution [5], based on the analysis, it should be clarified that, compared with 2RX, with additional receptions links, the results of PMI selection with 4X would be changed, so the UE behaviour of PMI reporting should be verified. 
Also, for the purpose of avoid redundant test cases, it’s realized the PMI measurement could be implicitly verified in the TM4 demodulation requirements, as the following CQI are mandated. So, from this point of view, it seems not necessary to have separated PMI requirements in section 9 TS36.101.
Furthermore, as the 8TX demodulation requirements are only verified in PMI tests in section 9.4.1.3.2, so from the test coverage point of view, the 8x4 cases should be included in this WI to verify the correct UE functionality. 
Based on the above analysis, we propose that:
Proposal 4: Regarding the PMI reporting for 4RX, it’s proposed that:

· Not introduce any PMI requirements in section 9 TS36.101 for 2TX and 4TX, but implicitly verify the PMI measurement in TM4 demodulation requirements in section 8 TS36.101.
· Introduce PMI requirements for 8TX

3.3 Rank

There are two kinds of impacts on rank measurement with 4RX:
· With 4RX antenna, it would be more likely for UE to achieve performance gain with rank2, compared with rank1, so the UE should not reuse the measurement results of 2RX for the 4RX rank reporting.
· The 4RX UE is able to report the high rank, as the measurement procedures for rank1/2 and rank3/4 might be different, such as there will involve multiple-layer to codeword mapping for rank3/4. So, the 4RX UE need to capture some new implementation.
Regarding the rank1/2 tests with 4RX, we think it would be necessary to have new rank requirements for rank1/2.

Proposal 5: The rank tests for rank1/2 should be included in 4RX rank requirements.

In the following section, we would firstly propose reusing the legacy rank tests for 4RX and then capture link level evaluations to verify the feasibility. The proposed test setups are based on section 9.5.1.1 (FDD), and listed in Table 3:

Table 3 Test setup for 4RX rank requirements (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	0

	Propagation condition and antenna configuration
	
	2 x 4 EPA5

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	[TBD]
	[TBD]
	[TBD]

	SNR
	dB
	[TBD]
	[TBD]
	[TBD]
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	dB[mW/15kHz]
	-98
	-98
	-98
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	dB[mW/15kHz]
	[TBD]
	[TBD]
	[TBD]

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-1 


The simulation results are provided in Figure 1.
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a) Throughput with low/high correlation and fixed/adaptive rank
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b) Gama1 = rank-adaptation/rank1





c) Gama-2 = rank-adaptation/rank2
Figure 1 throughput performance with different antenna correlation and rank scheme

With respect to the legacy requirements with 2x2 channels in Table 9.5.1.1-2:

	
	Test 1 (low)
	Test 2 (low)
	Test 3(high)

	1
	N/A
	1.05 
	0.9

	2
	1 
	N/A
	N/A 

	UE Category
	≥2
	≥2
	≥2


It could be observed from the evaluation results that the requirements for test 1 and test 2 should be updated, because:

· The 2 for test 1 would be less than 1

· The 1 for test 2 would be 1.6, which is larger than 1.05

With respect the results, we would like to propose new RANK requirements for 4RX, for example:

Table 4 Proposed requirements for 4RX rank (FDD)

	
	Test 1 (low)
	Test 2 (low)
	Test 3(high)

	1
	0.95 @ 0dB
	1.2 @10dB or

1.3 @15dB or

1.4 @20dB 
	0.9 @0dB

	UE Category
	≥2
	≥2
	≥2


Based on above analysis and evaluation results, we propose that:
Proposal 6: Take the test setup and requirements as candidate cases in table 3/4 for 4RX CQI requirements. 

4 Conclusion
In this contribution, we provide evaluation and analysis to discuss the CSI requirements for 4RX UE, and propose that:

Proposal 1: At least fading channel CSI requirements, RAN4 firstly evaluate the benefit of high rank under realistic assumptions and then determine whether to introduce rank3/4 CSI requirements.

Proposal 2: The CQI definition tests (with rank1/2/3/4) and the Type-A receiver fading tests (with rank1) should be introduced for 4RX UE. 

Proposal 3: Take the test setup as candidate cases in table 1 and 2 for 4RX CQI requirements. 

Proposal 4: Regarding the PMI reporting for 4RX, it’s proposed that:

· Not introduce any PMI requirements in section 9 TS36.101 for 2TX and 4TX, but implicitly verify the PMI measurement in TM4 demodulation requirements in section 8 TS36.101.

· Introduce PMI requirements for 8TX

Proposal 5: The rank tests for rank1/2 should be included in 4RX rank requirements.

Proposal 6: Take the test setup and requirements as candidate cases in table 3/4 for 4RX CQI requirements. 
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