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1. Introduction

In the previous RAN4 meetings a number of agreements on the FD MIMO Class B K > 1 CSI reporting requirements were made [1-3]:
	RAN4 #77

· New CSI requirements need to be introduced at least for such purpose:
· CSI Class B K>1 with CRI reporting
RAN4 #78
· Introduce CRI test case for Class B K>1
· Test methodology:

· Option 1: One throughput test with single CSI-RS resource and another throughput test with multiple CSI-RS resources.  

· Alt.1: Check both CRI statistics and throughput ratio.

· Alt.2: Check throughput ratio only.

· Option 2: One throughput test with multiple CSI-RS resources and check CRI statistics. 

· Other options will not be precluded.

· Beamforming model

· Option 1: Dynamic power scaling 

· Option 2: CSI-RS resource specific beamforming and beam steering channel model

RAN4 #78bis
· Test applicability

· In Rel-13 time frame, only introduce test case under TM9 with 1 CC

· Introduce a subset of test cases with different (K, Nmax)

· At least including (K,Nmax )= (2,8), FFS for (8,64), other possible configurations are FFS

· The detailed applicability rule based UE capability is FFS

· Test methodology

· Option 1: One throughput test with single CSI-RS resource and another throughput test with multiple CSI-RS resources.  

· Alt.1: Check both CRI statistics and throughput ratio between following CRI and fixed CRI. 

· MCS selection and PMI selection FFS

· Other options will not be precluded.

· Beamforming model 

· Option 1: Dynamic power scaling 

· 
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 with A = [0.8],B=1   (As example)

· Option 2: CSI-RS resource specific beamforming and beam steering channel model 


In this contribution we share further views on different aspects of the FD MIMO CSI reporting requirements for the Class B CSI with K > 1.
2. Discussion

In accordance to the previous discussion new CRI reporting test cases are planned to be introduced. In our understanding the following open issues need to be addressed in the first place:
· Class B CSI reporting capabilities

· Test methodology and metrics

· Beamforming model

· CRI calculation assumptions
Class B CSI reporting capabilities
In the previous meeting RAN4 agreed to introduce performance requirements at least for the case of (K, Nmax) = (2,8). The test cases for other configurations are considered to be FFS. 
The final list of the UE capabilities has not been finally approved so far in RAN1/RAN2. Hence, we recommend to postpone the RAN4 discussion on the exact set of supported UE capabilities and their applicability till the Aug meeting. Meantime, it would be helpful to decide on a number of methodological questions.
First, in our view it may be not necessary to introduce dedicated test cases for different possible UE capabilities. For instance, the practical applicability of the (K, Nmax) = (8,64) configuration (i.e. maximum capability) may seem to be rather questionable. The likelihood of using such configuration in the field is unclear and introducing a test case for the configuration that may not be used may be not justified enough. Therefore, additional feedback from the network vendors on the reasonable and typical configurations for the number of CSI-RS resources and associated number of antenna port may be needed.

Another possible concern on the introduction of the requirements for all possible UE capabilities for the Class B CSI reporting is that the total amount of configurations is relatively large. The design of separate performance requirements for all different capabilities may be not a reasonable approach and would complicate the overall RAN4 work. Therefore, in case multiple test cases for different UE capabilities are introduced it may be beneficial to aim having some unified performance test setups and common requirements for UE with different capabilities.
Proposal #1:
In case CRI reporting requirements are introduced for multiple (K,Nmax) capabilities, aim to introduce unified test setup and common performance requirements.

Test methodology and metrics
In accordance to the last meeting discussion it was suggested to consider two throughput tests to verify CRI reporting functionality:
· Test #1: One throughput test with multiple CSI-RS resources and follow CRI.

· Test #2: One throughput test with single CSI-RS resource and fixed CRI.

Two possible test metrics are suggested to be used:

· Throughput ratio: The ratio of throughput between following CRI (Test #1) and fixed CRI (Test #2) can be considered as the key performance matrix. For the both Test #1 and #2 fixed CQI/MCS and RI should be considered. In general, either follow PMI or fixed/random PMI approaches can be considered. In accordance to the results in Section 3, follow PMI and fixed PMI have somewhat different absolute throughput performance. However, in terms of throughput ratio the performance is very much alike. In our view, the CRI test cases should focus on the CRI verification and fixed/random PMI approach can be adopted.
· CRI statistics: In case of the time varying power scaling model, the CRI statistics can be defined in terms that each CRI should be reported in no less than TBD% of CSI reports (e.g. 100%/K - margin). In case of the fixed power scaling model, the CRI accuracy can be tested in a way that correct CRI should be reported X% of time (e.g. X = 90%). The CRI statistics should be verified for the Test #1.

Proposal #2:
CRI test methodology: Throughput test with single CSI-RS resource and another throughput test with multiple CSI-RS resources; check both CRI statistics and throughput ratio between following CRI and fixed CRI. Use Fixed or Random PMI approach.

Beamforming model
Two generic beamforming models were discussed in the previous meeting:
· Option 1: Dynamic power scaling 

· Option 2: CSI-RS resource specific beamforming and beam steering channel model
The Option 2 model still provides a certain abstraction of the practical beamforming concept to be used for Class B CSI. At the same time, this model requires introduction of the fully dimensional TX antennas arrays, which would complicate the test case design. Furthermore, it requires specific rules for the TX antenna to the CSI-RS port mapping. The Option 1 model provides a rather reasonable abstraction of the beamformed CSI-RS and has relatively low complexity in terms of the test case design. The Option 1 model is completely fine for the CRI reporting verification and can be adopted. The use of the more sophisticated Option 2 does not bring any benefits in terms of the CRI testability and is not justified.
In our view two generic power scaling models can be considered:

· Option 1A: Time varying power scaling. In accordance to the proposals in the last meeting, the power level in the k-th CSI-RS can be adjusted dynamically in time domain comparing to some average power level:
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· A – Power level variation range. The selection of the parameter would affect the performance testability. It is suggested to consider A equal to 5 or 10 dB.

· B – Average power level corresponding to the SNR observed on the CRS

· fs – Frequency of the power level adjustment. For instance 1 Hz frequency can be used.

The SNR variation for the different CSI-RS resources for different number of beams is illustrated below.
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· Option 1B: Constant power scaling: One of the drawbacks of the dynamic power scaling approach is the introduction of somewhat artificial signal power variation in time domain. In practical systems such variety may not be present or power level would change with a substantially lower time scale. So, alternatively the power level of different CSI-RS resources can be fixed for the whole test duration. The UE will be supposed to select the best CRI. The fixed model can be used to ensure unified performance requirements for UEs with different (K, Nmax) capabilities. In particular, the power levels can be chosen in a way to fix the gamma value for different test setups (e.g. one CSI-RS has strong power, other CSI-RS have reduced power). The SNR for the different CSI-RS resources for different number of beams is illustrated below.
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Based on the analysis of the results in Section 3, we observe that the dynamic model results in different requirements for tests with different numbers of beams. Meantime constant power scaling model allows using unified performance requirements for a wide set of the (K, Nmax) combinations. 
Proposal #3:
Use constant per-beam power scaling model for the CRI tests.

CRI calculation assumptions
In accordance to the RAN1 WG design assumptions, UEs are required to perform full CSI feedback calculation including CQI, PMI and RI in order to compute the CRI. In particular, it was assumed that the codebook subset restriction can be configured independently for different CSI-RS resources. Therefore, power based CRI computation is precluded by the RAN1 design even if CSI-RS has the largest receive signal power it does not mean that it should be reported. For instance, the highest power CSI-RS may potentially operate with the RI=1 restriction while slightly lower power CSI-RS may not have such constraints and may potentially have higher spectral efficiency. Therefore, the test procedure should impose that UE computes CRI correctly.
Proposal #4:
The CRI test cases should verify that CRI reporting is not based solely on the energy level detection.

3. Simulation results

In this section we provide the CRI reporting simulation results for the simulation assumptions in Table 1. The common simulation assumptions are provided in the Annex.
Table 1. Simulation assumptions

	Parameter
	Value

	Beamforming model
	Model #1: Power based with time varying power scaling (A = 5 dB, f = 1)

Model #2: Power based with constant power scaling (SNRCRI1 = 5 dB, SNRCRI2…CRIK =  0 dB)

	eNB antenna, CSI-RS and beam configuration
	2 TX antennas + 2 NZP CSI-RS ports per resource + K = 2 (Nports = 4)
2 TX antennas + 2 NZP CSI-RS ports per resource + K = 4 (Nports = 8)

2 TX antennas + 2 NZP CSI-RS ports per resource + K = 8 (Nports = 16)

4 TX antennas + 4 NZP CSI-RS ports per resource + K = 2 (Nports = 8)

4 TX antennas + 4 NZP CSI-RS ports per resource + K = 4 (Nports = 16)

	Channel Model 
	EPA5, XP High correlation

	FRC
	MCS14, Rank 1


In Figures 1-4 and Figures 5-8 link level simulation results are presented for Model #1 and Model #2 respectively.
	Absolute throughput
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	Gamma vs. SNR
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	Figure 1. Power scaling Model #1. 2 CSI-RS ports / TX antennas. Follow PMI.


	Absolute throughput
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	Gamma vs. SNR
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	Figure 2. Power scaling Model #1. 2 CSI-RS ports / TX antennas. Fixed PMI.
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	Gamma vs. SNR

[image: image14.emf]-5 0 5 10 15

0

1

2

3

4

5

6

7

8

9

10

SNR, dB

Average Gain

PDSCH, TM9, 4TX, 2RX, EPA-5Hz

 

 

(K, N

ports

) = (2, 4)

(K, N

ports

) = (4, 4)



	Figure 3. Power scaling Model #1. 4 CSI-RS ports / TX antennas. Follow PMI.
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	Gamma vs. SNR
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	Figure 4. Power scaling Model #1. 4 CSI-RS ports / TX antennas. Fixed PMI.
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	Gamma vs. SNR
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	Figure 5. Power scaling Model #2. 2 CSI-RS ports / TX antennas. Follow PMI.
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	Gamma vs. SNR
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	Figure 6. Power scaling Model #2. 2 CSI-RS ports / TX antennas. Fixed PMI.
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	Gamma vs. SNR
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	Figure 7. Power scaling Model #2. 4 CSI-RS ports / TX antennas. Follow PMI.
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	Gamma vs. SNR
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	Figure 8. Power scaling Model #2. 4 CSI-RS ports / TX antennas. Fixed PMI.


Observations:
· In case of using power scaling Model #1 the absolute throughput and gamma metrics depend on the number of beams.
· In case of using power scaling Model #2 the absolute throughput and gamma metrics do not depend on the number of beams.
· The absolute performance and gamma metrics depend on the number of CSI-RS ports and TX antennas.

· There is no substantial qualitative difference in the performance in case of using Follow and Fixed PMI approaches
4. Conclusions

In this contribution, we have provided our views on the EBF/FD MIMO CSI reporting test case design and requirements for the Class B CSI with K > 1. In summary, we make the following proposals:

Proposal #1:
In case CRI reporting requirements are introduced for multiple (K,Nmax) capabilities, aim to introduce unified test setup and common performance requirements.

Proposal #2:
CRI test methodology: Throughput test with single CSI-RS resource and another throughput test with multiple CSI-RS resources; check both CRI statistics and throughput ratio between following CRI and fixed CRI. Use Fixed or Random PMI approach.

Proposal #3:
Use constant per-beam power scaling model for the CRI tests.

Proposal #4:
The CRI test cases should verify that CRI reporting is not based solely on the energy level detection.
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Annex: Simulation Assumptions

Table 2. Common simulation Assumptions.

	Parameters
	Value

	System bandwidth
	10 MHz

	Duplexing mode
	FDD

	Propagation channel
	EPA-5Hz

	Correlation and antenna configuration
	#1: 2x2, XP, high correlation

#2: 4x2, XP, high correlation

	Cell-specific reference signals
	Antenna ports 0,1

	CSI reference signals APs
	2x2: {15, 16}

4x2: {15, 16, 17, 18}

	CSI-RS periodicity and subframe offset
	5/1

	CSI-Reporting-Type
	Class B

	PMI reporting granularity
	Wideband

	CRI reporting granularity
	Wideband

	FRC
	16QAM, CR 1/2, Rank 1
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