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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.
In the last RAN4 #74 meeting, actually we already had some discussion on the CSI requirements for 4RX in [2]-[8]. In the contribution, we will further discuss the parts of UE CSI demodulation requirements, and then provide our proposals on these. 

2 Evaluation for 4RX CSI

In this section, we would like to get some general views on the performance of 4RX CSI based on the link level evaluation. It’s believed that these results would be helpful for us to determine how to define and perform 4RX CSI requirements in RAN4.

Due to the receiver diversity gain and high rank with 4RX, the UE demodulation performance with adaptive CSI feedback would be different and improved compared with 2RX case. So, here we capture the cases with 4x4low/4x4 X-polar medium, fading channel to verify the throughput performance with fixed rank for link level simulation to reveal the 4RX performance.
The simulation assumptions are provided in Table 1, and simulation results are shown in Figure 1:

Table 1 Simulation assumptions for 4RX CSI 

	Parameters
	Parameters

	Transmission mode
	PDSCH TM4

	 Bandwidth and PRB allocation
	 10MHz, 50PRB

	PDCCH symbol
	2

	Propagation channel
	EVA5/EPA5

	antenna configuration
	4x4 low
4x4 cross-polar medium

	CRS port
	0,1,2,3

	CSI feedback
	PUSCH 3-1

	Rank
	Fixed rank

	PMI
	followed wideband PMI, R.8 4TX codebook

	CQI
	followed wideband CQI

	TX EVM model
	6%

	Receiver 
	MMSE
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Figure 1 Performance of PDSCH demodulation performance with different CSI feedback
Based on the above assumptions and results, it could be observed that the SNR points for UE to promote rank level are:

	
	rank2->rank3 (dB)
	rank3->rank4 (dB)

	EPA5, 4x4 low
	6.73
	28.61

	EPA5, 4x4 cross-polar medium
	21.68
	-

	EVA5, 4x4 low
	6.89
	28.64

	EVA5, 4x4 cross-polar medium
	22.68
	-


The above observation provides a passive perspective on high rank in realistic network, as even with low antenna correlation (no relativity between the channels among antennas), the relative high SNR are required to achieve the performance gain of rank3 and rank4. 

Apparently, in realistic network, regarding the realistic propagation channel, the deployment of eNB antennas and the size of user equipment, there always exist the relativity between the channels among antennas, as a results, it would be very difficult for UE to get the chance to use high rank in real network.

Observation 1: The high rank cases would be the corner cases in realistic network, as it would be hard for UE to achieve significant gain from high rank. 
So, in our opinion, prior to determine whether introducing the high rank CQI requirements or not, RAN4 should have research to justify the feasibility of high rank cases with realistic assumptions.
Based on the above observation and analysis, we propose that:
Proposal 1: For fading channel CSI requirements, RAN4 should firstly evaluate the benefit of high rank under realistic assumptions and then determine whether to introduce rank3/4 CSI requirements.

Of course, with respect to the integrity of test coverage on 4RX, if RAN4 finally conclude that high rank seldom happens in realistic scenarios, it seems still unacceptable to not involve any rank3/4 CQI requirements for 4RX UE from functionality point of view. 

Considering that, maybe at least we could have some CQI definition tests based on static channel to verify the functionality of rank3/4 CQI measurement.  
Observation 2: For high rank CQI requirements, the CQI definition tests with static channel could be taken into consideration.
3 Discussion on CSI tests
In this section, we would like to discuss the CSI requirements for rank, CQI and PMI separately. 
3.1 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. And meanwhile, further study might be needed to justify whether the legacy rank tests could be reused.

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

Regarding the rank3/4, based on the simulation results in Figure 1, currently, we couldn’t find the benefits for introduce the rank3/4 rank requirements for 4RX UE, and also we couldn’t find a feasible test procedure (the throughput gain of rank3 or rank4 over rank2 is not sufficient enough). So, from this point of view, further study would be needed.

Proposal 3: Further study is needed to determine whether introducing rank3/4 requirements, at least on:

· The benefit of high rank3/4 requirements, considering the actual rank reporting at realistic network

· The feasibility of test procedure, considering the result variances between different companies and impairment margin 
3.2 CQI
With the capability of 4RX, the demodulation requirements would be significantly improved, so the new CQI test would be required to guarantee the alignment of the better UE demodulation requirements and the matching CSI implementation. 
Currently, there are different types of CQI requirements which are already defined in TS36.101, which are:

· Type 1: CQI definition tests

· Type 2: CQI fading tests  with frequency-selective scheduling mode

· Type 3: CQI fading tests  with frequency non-selective scheduling mode

· Type 4: CQI fading tests with frequency-selective interference 

· Type 5: CQI fading tests for UE-selective subband CQI

· Type 6: CQI tests for Type A receiver (MMSE-IRC receiver)

· Type 7: CQI tests with multiple CQI processes

Among all the existed CQI test types, for the purpose of reducing test cases in RAN4, we have to downselect the some CQI type for 4RX CQI requirements.

· Regarding test type 1, as 4RX antenna should significantly promote the estimated CQI values, so type 1 tests are essential to verify the threshold of SNR to CQI for 4RX UE. And meanwhile, the new 4RX CQI definition tests should cover rank1/2/3/4.
· Regarding type 2\3\4 tests, they are originally designed for guarantee that in some feedback mode, the CQI measurement should be done per subband and subframe. From UE implementation point of view, it’s hard to expect the UE would have different procedure on CQI subband/subframe estimation for 2RX and 4RX. So, in our opinion, there isn’t any strong motivation to verify the 4RX CQI with type 2\3\4, but further study is open to justify the motivation.

· Regarding type 5 tests, it’s mainly related to the CQI reporting procedure, rather than the CQI measurement, and meanwhile 4RX will only affect the performance of CQI measurement, so type 5 tests is not needed.
· Regarding test type 6, in our opinion, MMSE-IRC should be treated as a basic and important function and should also be applied for 4RX UE, so test type 6 should also be introduced.

· Regarding Type 7 tests, as discussed in [4], we think multiple-CQI processes for TM10 could be treated as low priority in this topic, and could be FFS.
Regarding the test methodology and metric, it seems the methodology and performance metric could be reused for 4RX CQI requirements. Of course, FFS is not excluded.

Based on the above analysis, regarding the CQI requirements for 4RX, we propose that:

Proposal 4: Regarding the CQI requirement for 4RX, the CQI definition tests (with rank1/2/3/4) and the Type-A receiver fading tests (with rank1) should be introduced for 4RX UE. 
3.3 PMI
Compared with 2RX, with additional receptions links, the results of PMI selection with 4X would be changed.  So, the PMI tests are needed for 4RX CSI requirements for the purpose of guaranteeing the PMI is derived based on 4RX antenna.
Currently, the PMI requirements defined in TS36.101 are summarized as:
· The PMI tests would cover different sets of codebook

· R.8 2TX codebook

· R.8 4RX codebook

· R.10 8TX codebook
· R.12 new 4TX codebook

· The PMI tests also cover wideband/subband, and rank1/2 cases

· Single-PMI for layer 1 and 2

· Multiple-PMI for layer 1 and 2

· Some demodulation tests would simultaneously verify the PMI measurement, such as TM4 demodulation tests. 

With respect to the existed PMI requirements, we also think some downselection are necessary:

· Regarding the codebook sets, as the R.10 8TX codebook and R.12 4T codebook are optional features, so we suggest prioritizing the legacy 2TX and 4RX codebook tests. 
· Regarding different test types, we think it’s possible to reuse the legacy PMI setup and test metric for 4RX. For example, the following test cases could be discussed as a starting-point for 4RX PMI requirements (taking FDD for example):
· Test 1: new demodulation tests, R.8 4TX codebook, layer 1, single or multiple-PMI
· Test 2: new demodulation tests, R.8 4TX codebook, layer 2, single or multiple –PMI
· Test 3: demodulation tests in section 8.2.1.4.1, R.8 2TX codebook, layer 1, single and multiple-PMI
· Test 4: demodulation tests in section 8.2.1.4.3, R.8 4TX codebook, layer 2, multiple-PMI
So, based on the above analysis, we propose that:
Proposal 5: Regarding the PMI requirement for 4RX, the following tests cases could be discussed as a starting-point:

· Test 1: new demodulation tests, R.8 4TX codebook, layer 1, single or multiple-PMI
· Test 2: new demodulation tests, R.8 4TX codebook, layer 2, single or multiple –PMI
· Test 3: demodulation tests in section 8.2.1.4.1, R.8 2TX codebook, layer 1, single and multiple-PMI
· Test 4: demodulation tests in section 8.2.1.4.3, R.8 4TX codebook, layer 2, multiple-PMI
With respect to the rank3/4 PMI tests, there are similar issues as in rank requirements. Accordingly, further study would be needed to determine whether to rank3/4 PMI tests:

Proposal 6: Further study is needed to determine whether introducing rank3/4 PMI requirements.
4 Conclusion
In this contribution, we provide evaluation and analysis for discussing the CSI requirements for 4RX UE, based on our results, we observed that:

Observation 1: The high rank cases would be the corner cases in realistic network, as it would be hard for UE to achieve significant gain from high rank. 

Observation 2: For high rank CQI requirements, the CQI definition tests with static channel could be taken into consideration.

Also, we propose that:
Proposal 1: For fading channel CSI requirements, RAN4 should firstly evaluate the benefit of high rank under realistic assumptions and then determine whether to introduce rank3/4 CSI requirements.

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

Proposal 3: Further study is needed to determine whether introducing rank3/4 requirements, at least on:

· The benefit of high rank3/4 requirements, considering the actual rank reporting at realistic network

· The feasibility of test procedure, considering the result variances between different companies and impairment margin 
Proposal 4: Regarding the CQI requirement for 4RX, 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 5: Regarding the PMI requirement for 4RX, the following tests cases could be discussed as a starting-point:

· Test 1: new demodulation tests, R.8 4TX codebook, layer 1, single or multiple-PMI
· Test 2: new demodulation tests, R.8 4TX codebook, layer 2, single or multiple –PMI
· Test 3: demodulation tests in section 8.2.1.4.1, R.8 2TX codebook, layer 1, single and multiple-PMI
· Test 4: demodulation tests in section 8.2.1.4.3, R.8 4TX codebook, layer 2, multiple-PMI
Proposal 6: Further study is needed to determine whether introducing rank3/4 PMI requirements.
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