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1. Introduction

In the last RAN4 meeting (RAN4 #79) a number of additional agreements on the FD MIMO Class B K > 1 CRI reporting requirements were made [1]:
	· Test applicability

· Introduce a subset of test cases with different (K, Nmax)
· At least consider the following configurations
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· FFS if additional test cases are needed 
· Test case applicability based on UE capabilities is FFS
· Option1: Based on UE capability, each UE pick up one configuration to pass with following applicability rule to determine {K, Nmax}:

· If UE supporting (K,Nmax) = (8,64), then pass test with (8,64)

· else if UE supporting (K,Nmax) = (4,32) then pass test with (4,32)

· else if UE supporting (K,Nmax) = (2,16) then pass test with (2,16)

· Otherwise UE pass test with (2,8)

· Other options not excluded
· Test Methodology
· One 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.
· VRC test or FRC test
· FRC test with fixed rank, MCS (16QAM ½  Rank1)
· Option 1: Fixed PMI for both following CRI and fixed CRI
· Option 2: Following PMI for both following PMI CRI and fixed CRI
· Beam-forming model
· Option 1: Dynamic power scaling method (Baseline)
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· Log scale with A = [5] dB, B = [0] dB

· fs is FFS 

· k = 0,1,2,…,K-1

· Option 2: Fixed Power scaling method
· Detailed test parameters

· Further discuss detailed test set-up through RAN4 email reflector so that all the companies can run the simulations for the next RAN4 meeting to speed up the progress.


In this contribution we share our views on the remaining details of the FD MIMO CSI reporting requirements for the Class B CSI with K > 1 and provide simulation results based on the agreed simulation assumptions.
2. Discussion

In the previous RAN4 meeting multiple agreements on the CRI reporting test cases were reached. The following aspects were not decided and need further discussion:
· Set of test cases
· Test case applicability

· Test methodology

· Test configuration (Fixed or Follow PMI)
· Beamforming model

Set of tests cases
In the last RAN4 meeting it was agreed to introduce at least four tests with the following configurations of the {K,Nmax} parameters:
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The agreed configurations cover all possible scenarios with respect to maximum number of CSI-RS ports. With regards to the number of CSI resources, the lower K values usually lead to the more complex UE implementations. For small K values the number of CSI-RS ports per one CSI resource increases. Taking into account existing precoder codebooks, the overall number of PMI hypothesis increases with the increase of the number CSI-RS ports. Therefore, it is may be reasonable to define tests for scenarios which require more complex UE implementations.
Proposal #1:
Confirm previous meeting assumptions on the set of CRI test cases.

Tests case applicability
In the previous meeting the initial discussion on the CRI test case applicability took place. In particular, one option was suggested:

· If UE supporting (K,Nmax) = (8,64), then pass test with (8,64)

· else if UE supporting (K,Nmax) = (4,32) then pass test with (4,32)

· else if UE supporting (K,Nmax) = (2,16) then pass test with (2,16)

· Otherwise UE pass test with (2,8)

UE implementation complexity for different (K, Nmax) values may vary from one vendor to another and depend on different factors. For instance, the support of one (K,Nmax) configuration may not necessarily imply the support of another configuration. The approach above allows avoiding unnecessary UE implementation constraints.
Proposal #2:
Confirm previous meeting assumptions on the CRI test case applicability:
· if UE supporting (K,Nmax) = (8,64), then pass test with (8,64)

· else if UE supporting (K,Nmax) = (4,32) then pass test with (4,32)

· else if UE supporting (K,Nmax) = (2,16) then pass test with (2,16)

· otherwise UE should pass test with (2,8)

Test configuration
Two general CSI reporting methodologies were considered in the previous meeting:
· Option 1: Fixed PMI for both following CRI and fixed CRI
· Option 2: Following PMI for both following PMI CRI and fixed CRI
Follow PMI approach reflects UE behavior in the real network. However, fixed PMI approach allows simplifying the test configuration and focus on verification of the CRI reporting UE functionality. In addition, based on the simulation results in Section 3, it can be observed that there is no throughput ratio difference in case of using Fixed or Follow PMI approach. Therefore, using follow PMI approach is not justified.
Proposal #3:
Use fixed PMI approach for CRI reporting verification.
Beamforming model
In the previous RAN4 meeting two possible beamforming models were downselected:

· Option 1: Dynamic power scaling method

· Option 2: Fixed Power scaling method

Per discussion in the last meeting many companies believe that the CRI test cases should ensure verification of correct CRI tracking in time domain. The dynamic power scaling model allows verification that UE correctly tracks CRI. Meantime, the constant power scaling model does not allow testing that UE does CRI reselection in time and to enable such test purpose certain beam power level variation should be introduced which contradicts the overall principle of the constant power scaling model. Therefore, we agree to use dynamic power scaling model.

In accordance to the dynamic power scaling method, the power level in the k-th CSI-RS can be adjusted dynamically in time domain:
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· A – Power level variation range: It is suggested to consider A = 5 dB. Based on the simulation results in Section 3 such value allows proper verification of the CRI reporting functionality.

· B – Common power offset: As suggested in the recent e-mail discussion B = -1.3351 dB can be used to keep the average beam power normalized in linear domain.
· fs – Frequency of the power variation: In our view, in the realistic deployments the beam power is not expected to change too often. Meantime, as discussed in the last meeting the test should enable verification of the CRI variation in time domain. In our view fs = 0.5 Hz can be used.
Proposal #4:
Use dynamic power scaling model with A = 5 dB, B = -1.3351 dB, fs = 0.5 Hz.
Test methodology

In the last RAN4 meeting it was agreed to use both CRI statistics and throughput ratio between following CRI and fixed CRI. Meantime, the definition of CRI statistics and SNR point for throughput ratio calculation were not discussed. 

· The SNR test point can be selected corresponding to the 70% of the maximum Follow CRI throughput. In this case test metric can be defined as follows:
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· CRI statistics: The following CRI statistics requirement can be used for the CRI test cases:

· Each CRI value should be reported more than [M-α] % of the time.
· M = 100% / K

· α = 0.2 * M %
Proposal #5:
Use 70% of maximum Follow CRI throughput for throughput ratio calculation.
Proposal #6:
Use the following CRI statistics requirement: Each CRI value should be reported more than [M-α] % of the time, M = 100% / K, α = [0.2] x M%.

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
	Power based with time varying power scaling (A = 5 dB, fs = 1, B = -1.3351 dB)

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

8 TX antennas + 8 NZP CSI-RS ports per resource + K = 2 (Nports = 16)
8 TX antennas + 8 NZP CSI-RS ports per resource + K = 4 (Nports = 32)

8 TX antennas + 8 NZP CSI-RS ports per resource + K = 8 (Nports = 64)

	Channel Model 
	EPA5, XP High correlation

	FRC
	MCS 14, Rank 1; 
MCS 19, Rank 1


In Figures 1-2 and Figures 3-4 link level simulation results are presented for Model #1 and Model #2 respectively.
	Absolute throughput
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	Figure 1. MCS 14. Rank 1. Follow PMI.


	Absolute throughput
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	Gamma vs. SNR
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	Figure 2. MCS 14. Rank 1. Fixed PMI.
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	Figure 3. MCS 19. Rank 1. Follow PMI.
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	Figure 4. MCS 19. Rank 1. Fixed PMI.


In Figure 5 we provide results with CRI statistics which is eventually same for both Follow and Fixed PMI approaches.
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(K, N)=(2,8)
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(K, N)=(2,16)
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(K, N)=(4,32)
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	Figure 5. CRI statistics


In Table 2 we provide link level simulation summary with SNR values for 70% of maximum Follow CRI throughput and corresponding Gamma values.
Table 2. Link level simulation summary

	FRC
	PMI
	(2, 8)
	(2, 16)
	(4, 32)
	(8,64)

	
	
	SNR, dB
	Gamma
	SNR, dB
	Gamma
	SNR, dB
	Gamma
	SNR, dB
	Gamma

	16QAM
	Follow
	-1.8
	1.5
	-4.8
	1.5
	-6.2
	2.0
	-6.4
	2.1

	
	Fixed
	0.1
	1.5
	-3.3
	1.5
	-4.8
	1.9
	-5.1
	2.0

	64QAM
	Follow
	3.1
	1.4
	0.2
	1.4
	-1.4
	1.8
	-1.7
	1.9

	
	Fixed
	5.1
	1.4
	1.7
	1.4
	0.4
	1.8
	-0.1
	1.9


Observations:

· In case of 16QAM is used SNR operating point can be rather low, especially in scenarios with Follow PMI approach.
· Gamma value does not depend on using of Follow or Fixed PMI approach.

· Each CRI is reported with equal probability for all considered scenarios.
Proposal #7:
Use the following performance requirements for the Class B CRI test cases: γ ≥ [1.2] – for (2,8) and (2, 16) tests, γ ≥ [1.6] – for (4, 32) and (8, 64) tests.
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:
Confirm previous meeting assumptions on the set of CRI test cases.
Proposal #2:
Confirm previous meeting assumptions on the CRI test case applicability.

· if UE supporting (K,Nmax) = (8,64), then pass test with (8,64)

· else if UE supporting (K,Nmax) = (4,32) then pass test with (4,32)

· else if UE supporting (K,Nmax) = (2,16) then pass test with (2,16)

· otherwise UE should pass test with (2,8)

Proposal #3:
Use fixed PMI approach for CRI reporting verification.

Proposal #4:
Use dynamic power scaling model with A = 5 dB, B = -1.3351 dB, fs = 0.5 Hz.

Proposal #5:
Use 70% of maximum Follow CRI throughput for throughput ratio calculation.
Proposal #6:
Use the following CRI statistics requirement: Each CRI value should be reported more than [M-α] % of the time, M = 100% / K, α = [0.2] x M%.

Proposal #7:
Use the following performance requirements for the Class B CRI test cases: γ ≥ [1.2] – for (2,8) and (2, 16) tests, γ ≥ [1.7] – for (4, 32) and (8, 64) tests.
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Annex: Simulation Assumptions
Table 3. Common simulation Assumptions.

	Parameters
	Value

	System bandwidth
	10 MHz

	Duplexing mode
	FDD

	Propagation channel
	EPA-5Hz

	Correlation and antenna configuration
	#1: 4x2, XP, high correlation

#2: 8x2, XP, high correlation

	Cell-specific reference signals
	Antenna ports 0,1

	CSI reference signals APs
	4x2: {15, …, 18}

8x2: {15, …, 22}

	CSI-RS periodicity and subframe offset
	5/1

	CSI-Reporting-Type
	Class B

	PMI reporting granularity
	Wideband

	CRI reporting granularity
	Wideband

	FRC
	#1: 16QAM, CR 1/2, Rank 1

#2: 64QAM, CR 1/2, Rank 1
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