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1. Introduction

In the previous RAN4 meetings a number of agreements on the Elevation Beamforming / Full-Dimension MIMO (FD MIMO) impacts on the CSI reporting requirements were made [1-2]:

	RAN4 #77

· New CSI requirements need to be introduced at least for such purpose:
· CSI Class A with new codebook
· CSI Class B K>1 with CRI reporting
RAN4 #78
· Introduce PMI test cases for Class A

· Introduce CRI test case for Class B K>1

· Introduce PMI test case for CSI Class B K=1 with PMI-Config 1

· Verify channel and interference measurement restriction functionality to verify following NW configuration when performing CSI measurement

· Test cases are introduced only for FD-MIMO + 2Rx in Rel-13 timeframe


In this contribution we share further views on different aspects of the FD MIMO CSI reporting requirements.

2. Discussion

2.1 Class A CSI reporting

The following agreements were reached in the last meeting on the Class A CSI reporting requirements [2]:

	· Introduce PMI test cases for Class A

· Test Metric:
· Reuse existing PMI test metric, relative throughput ratio between follow PMI and random PMI under FRC test.

· Follow PMI and random PMI need to be restricted to the codebook and rank informed by the RRC parameters. Rank is based on CSR.

· Test case list:
· Totally 2 test cases are introduced for CSI class A with one single PMI test case and one multiple PMI test case. 

· One test case is for 12 CSI-RS ports and another one is for 16 CSI-RS ports. 

· Detailed test parameters:

· At least agree candidates on MCS, rank, codebook parameters, and propagation channel by e-mail discussion so that all the companies can run the simulations for the next RAN4#78bis meeting to speed up the progress.


A follow up RAN4 reflector e-mail discussion was initiated and the following test parameters were down-selected:
	· CSI-RS reference signals configurations

· Number of Txs/CSI-RS ports: 12Tx for single PMI test, 16Tx for multiple PMI test

· CDM Type:
· 12Tx: CDM2/CDM4

· 16Tx: CDM4

· RRC parameters for codebook construct

· Number of antennas in 2 dimensions: (N1, N2)

· 12Tx: (N1,N2) = (2,3)

· 16Tx: (N1,N2) = (2,4)

· We can further discuss whether additional test cases needed to cover 1D antenna arrays i.e. (N1,N2) = (8,1) as Ericsson suggested in next RAN4 meeting.

· Codebook over sampling rate in 2 dimensions: (O1,O2)

· 12Tx: (O1,O2) = (8,8)/(8,4)

· 16Tx: (O1,O2) = (8,8)

· Codebook-Subset-Selection Configuration: CSS config

· 12Tx: CSS configuration = 1/2

· 16Tx: CSS configuration = 1/3

· CSI feedback mode

· Single PMI test: PUSCH 3-1

· Multiple PMI test: PUSCH 1-2

· Correlation and antenna configuration: 

· 2D antenna layout, MIMO spatial correlation generation and beam steering approach refer to R4-161224. 

· Taking alpha_1 = 0.9, alpha_2 = 0.9 as baseline for simulation, interested companies can bring more analysis in next RAN4 meeting.

· Fading channel: 

· Single PMI test: EPA5Hz

· Multiple PMI test: EVA5Hz

· MCS and Rank:
· 16QAM 1/2, 64QAM 1/2 with Rank 1/2 for both single and multiple PMI test cases


The detailed simulation results for Class A PMI reporting are provided in the companion paper [3]. Based on this analysis we suggest the following test parameters for the PMI test cases:

· CDM Type: The CDM4 was agreed for 16 TX antennas scenarios and for 12 TX antennas either CDM2 or CDM4 should be used. The simulation results in [3] show similar CDM 2/4 performance for the PMI reporting for 12 TX antennas scenario. So, the CDM2 is suggested to be used for 12Tx scenario to ensure sufficient test coverage (i.e. both CDM2 and CDM4 are tested) 
· Number of antennas (N1, N2): Agreed 12TX (N1=2, N2=3) and 16TX (N1=2, N2=4) antenna configurations provide good test coverage. No additional antennas configurations including 1D arrays should be considered. 
· Codebook oversampling rate: For 16TX antennas (8,8) codebook oversampling is used. For 12TX antennas we suggest to consider (8,4) case to have more thorough feature implementation testing. Performance wise both (8,8) and (8,4) oversampling solutions provide almost identical performance in the investigated scenarios.
· Codebook-Subset-Selection Configuration: CSS configuration 1 is suggested for 12 TX test cases and CSS configuration 3 for 16 TX scenarios.
· Transmission mode: The test cases can be introduced for TM9 and there is no strong need to introduce dedicated test cases for the TM10 performance verification.
· MCS and Rank: RI 1 16QAM measurement channels is suggested to be used to check corresponding PMI accuracy for Single PMI test and RI 2 16QAM for the Multiple PMI test. The rank can be controlled using codebook subset restriction. In addition, such approach would allow more efficient CSR testing.
· Channel model: Beam steering based randomization of the principle beam direction shall be used to ensure sufficient PMI statistics variation.
· Performance metrics: Based on results in [3] the legacy TM9 with 8 TX PMI performance metric can be used:
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Proposal #1:
Use the following parameters for the Class A CSI PMI reporting test cases:

· CDM2 for 12 TX; CDM4 for 16 TX;

· (O1,O2) = (8,4) for 12 TX; (O1,O2) = (8,8) for 16 TX

· CSS configuration 1 for 12 TX; CSS configuration 3 for 16 TX

· 16QAM ½ rank 1 FRCs for the Single PMI test
· 16QAM ½ rank 2 FRCs for the Multiple PMI test
· Transmission mode 9
· Beam steering based randomization of the principle beam direction

· Use legacy TM9 8TX PMI test metrics
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In the last meeting it was agreed to verify PMI reporting accuracy for class A CSI reporting, while the RI reporting was not discussed. The RI selection procedures are also affected by the Class A CSI reporting and related test case may need to be introduced.
Proposal #2:
Further discuss additional RI test to ensure correct RI reporting for the Class A CSI codebooks
2.2 Class B CSI reporting with K > 1

The following agreements were reached in the last meeting on the Class B CSI reporting requirements with K > 1 [2]:

	· 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 


In accordance to the previous meeting agreements the Class B CSI reporting test case need to be introduced for the K>1 case. For this CSI reporting mode it is assumed that eNB uses precoded CSI-RS transmissions and configures multiple NZP CSI-RS resources to allow UE possibility to make CSI measurements under different beamforming hypothesis. The UE expected to make CRI reporting to inform eNB on the best NZP CSI-RS resources (i.e. resources corresponding to the best spatial beam). Furthermore, UE is expected to further calculate and report the legacy CSI metrics (CQI/PMI/RI) corresponding to the chosen NZP CSI-RS resources. At the same time, the actual procedure for the CQI/PMI/RI calculation remains unchanged comparing to the legacy systems. Therefore, the test cases for the Class B CSI reporting focus on the verification of the CRI reporting functionality.

Class B CSI reporting capabilities
In accordance to the recent RAN1 agreements the UE capabilities signalling for Class B CSI reporting is defined as follows:
	Per UE per band per band-combination P times (for 1, …, P CSI processes)

· 3-bit Kmax (Kmax = {2,3,4,5,6,7,8})

· 1-bit Nmax configuration (2 possible values) per K value, from K=2,…, Kmax. The two Nmax values for each K is given as follows:

K
2

3

4

5

6

7

8

Nmax

{8,16}

{8,16}

{8,32}

{16,32}

{16,32}

{16,32}

{16,64}




So, Class B CSI reporting UE capabilities signalling allows rather large flexibility. UE is supposed to make per band per band-combination signalling of K and Nmax parameters and in addition for TM10 capable UEs the capabilities are reported for each CSI process. In terms of RAN4 test procedure it is impossible to introduce test cases for all possible combinations of different UE capabilities. Therefore, at least we suggest to introduce test cases for single carrier cases and for TM9 or for TM10 with single CSI process. At the same time, even under such assumption UE may report 14 different capabilities and to have sufficient coverage 14 different test configuration may be needed. With this regards we consider two possible approaches:
· Option 1: Define one CRI test case only for K = 2 and Nmax = 8 to test the most basic Class B CSI reporting functionality.
· Option 2: Introduce CRI test cases for a subset of possible K/Nmax configurations

In our view there is no need to introduce test cases for all configurations. At current stage it may be possible at least introduce a test case for K = 2 and Nmax = 8 as the minimum capability and further discuss whether any additional configurations should be considered.

Beamforming model

A simplified beamforming model can be used to avoid modelling 2D antennas array channel propagation (which implies additional test cost) and avoid specifying a complicated model to map the beam transmissions with different NZP CSI CRS resources. In particular, we think that a power-level based beamforming emulation model can be used. In particular two possible models can be considered:

· Option 1: Dynamic beam power variation model based on proposals in [4]
· Option 2: Static beam power model when different beams are assigned to have different fixed SNR levels.
The first model allows verification of the dynamic CRI estimation in time domain, while the second option allows substantially simplified test case design. In order to have more complete test coverage Option 1 is preferred.

Test methodology and test metrics
In terms of test methodologies two throughput test with multiple CSI-RS resources can be defined.
· Test 1: UE follows CRI. Useful signal PDSCH transmission power would be scaled by the best beam power.
· Test 2: UE is assigned random or fixed CRI. Useful signal PDSCH transmission power would be scaled by the random/fixed beam power leading to certain throughput loss vs Test 1.
The throughput ratio between the two tests and CRI statistics can be used as the test metrics. 
Codebook subset restriction

The codebook subset restriction should be considered to be used for certain NZP CSI-RS resources to ensure that the CRI reporting is based on the CQI/PMI/RI measurement and that UE does not use a simplified approach with beam energy detection. For instance, the NZP CSI-RS resource with the highest SNR can be configured to have a certain codebook subset restriction which implies low CQI reporting and, hence, the UE will be expected to report CRI corresponding to another resource.

Proposal #3:
Consider the following CSI test framework for the Class B CSI reporting verification with K > 1

· Define at least one CRI test case for Class B CSI reporting with K = 2 and Nmax = 8
· Test methodology: Two throughput test with multiple CSI-RS resources. One test is with Follow CRI and another test with Random/Fixed CRI.

· Test metrics: CRI accuracy and Follow CRI / Random CRI throughput ratio

· Use legacy 1D 4Tx antenna array model

· Dynamic power level based eNB beamforming emulation model is used (different beams have different power levels which change in time domain))

· Use codebook subset restriction to verify that CRI reporting is not based energy level detection

2.3 Class B CSI reporting with K = 1 with PMI-Config 1
In accordance to the RAN4 agreements a new PMI test case should be introduced for the Class B CSI reporting with K = 1 with PMI-Config 1. The following test framework is suggested.
· Transmission mode 9
· No channel and interference measurements configured

· 1D antenna array with 4 TX XP antennas

· FRC: Rank 1 16QAM or 64QAM fixed MCS is used

· Test methodology: Test measures the PDSCH throughput ratio between follow PMI and random PMI precoding. 

Proposal #4:
Consider the following CSI test framework for the Class B CSI reporting verification with K = 1 with PMI-Config 1
· Transmission mode 9

· No channel and interference measurements configured

· 1D antenna array with 4 TX XP antennas

· FRC: Rank 1 16QAM or 64QAM fixed MCS is used

· Test methodology: Test measures the PDSCH throughput ratio between follow PMI and random PMI precoding. 

2.4 Channel and Interference MR
Another feature introduced in the Rel-13 is the CSI measurement restrictions (MR) which includes channel MR and interference MR. The general idea is to allow network based configuration / restriction of the resources used for the channel and/or interference measurements. In particular, it was agreed that for a given CSI process, if MR on channel measurement is enabled, then the channel used for CSI computation can be estimated from 1 NZP CSI-RS subframe. Similarly, for a given CSI process with CSI-IM(s), if MR on interference measurement is enabled, then the interference used for CSI computation can be estimated from 1 CSI-IM subframe.

In accordance to RAN1 agreements two different features with channel MR and interference MR will be defined. Therefore from RAN4 perspective the channel and interference MR functionalities should be verified using different test cases. Furthermore, the interference MR is expected to be supported for the TM10 only, while channel MR can be supported for TM9 and TM10. The Channel MR can be used for Class B CSI reporting, while Interference MR can be applied for both Class A and Class B CSI reporting. Furthermore, we would like to emphasize that in accordance to the RAN1 agreements channel and interference measurements restrictions can be applied only in case of Rel-13 FD MIMO and not applicable for legacy CSI reporting modes.
To ensure test coverage the following static CQI test cases are suggested be introduced:
· Test #1:Verification of Channel MR functionality

· Class B CSI reporting with K = 1 is configured
· The serving channel power level settings can be controlled on per subframe-basis to ensure that UEs not following the measurement restrictions are penalized. In addition, the test may ensure that UE makes CSI RS based measurements rather than CRS-based. The following settings can be used:
· NZP CSI RS signals on subframes used for channel measurements in accordance to the channel MR have high power PServ1  
· Signals on other subframes and non-CSI-RS resources have reduced power level PServ2
· PServ1 > PServ2 (e.g. PServ1 = PServ2+ 10 dB)
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· The CQI requirements should be set based on the PServ1. In case UE does not follow the MR, the reported CQI will be biased from the correct one. The test parameters and power level settings should ensure that there is sufficient difference in the correct and incorrect CQI levels.
· The CQI accuracy can be used as the test metric (e.g. reported CQI should be larger than CQIThresh for X% of time).
· Test #2: Verification of Interference MR functionality for TM10 UEs 
· Transmission mode 10

· Interference MR is applicable only for UEs supporting Rel-13 FD MIMO and hence test cases should be introduced under assumption that Class A or Class B CSI reporting is configured. Assuming that all these capabilities are independent from each other 3 sub-tests may need to be introduced (Class A CSI, Class B CSI with K = 1, Class B CSI with K > 1)

· UE is expected to perform measurements on the IMR (CSI-IM) resources

· The interference (noise) power level settings can be controlled on per subframe-basis to ensure that UEs not following the measurement restrictions are penalized. The following settings can be used:
· Subframes used for interference measurements: PInterf1
· Subframes not used for interference measurements: PInterf2
· PInterf1 < PInterf2 (e.g. PInterf1 = PInterf2 - 10 dB)

· The interference can be emulated as AWGN

· The CQI requirements should be set based on the PInterf1. In case UE does not follow the MR, the reported CQI will be biased from the correct one. The test parameters and power level settings should ensure that there is sufficient difference in the correct and incorrect CQI levels.
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Proposal #5:
Consider the following CSI test framework for the measurement restrictions verification:

· Test purposes: Ensure that UE does not make any excessive averaging of the channel and/or interference estimates outside the subframes configured by the network for the CQI reporting.

· Introduce separate CSI reporting test cases for the verification of the Channel and interference measurement restrictions
· Test #1: Channel MR verification + TM9 + CSI Class B with K = 1
· Test #2: Interference MR verification + TM10 + CSI Class A/B CSI reporting
· CQI reporting test methodology

· Test metric: CQI reporting accuracy

· The serving and interference power levels are controlled on a per subframe-basis to ensure that UEs not following measurement restrictions are penalized

3. Conclusions

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

Proposal #1:
Use the following parameters for the Class A CSI PMI reporting test cases:

· CDM2 for 12 TX; CDM4 for 16 TX;

· (O1,O2) = (8,4) for 12 TX; (O1,O2) = (8,8) for 16 TX

· CSS configuration 1 for 12 TX; CSS configuration 3 for 16 TX

· 16QAM ½ rank 1 FRCs for the Single PMI test
· 16QAM ½ rank 2 FRCs for the Multiple PMI test
· Transmission mode 9
· Beam steering based randomization of the principle beam direction

· Use legacy TM9 8TX PMI test metrics
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Proposal #2:
Further discuss additional RI test to ensure correct RI reporting for the Class A CSI codebooks.
Proposal #3:
Consider the following CSI test framework for the Class B CSI reporting verification with K > 1

· Define at least one CRI test case for Class B CSI reporting with K = 2 and Nmax = 8
· Test methodology: Two throughput test with multiple CSI-RS resources. One test is with Follow CRI and another test with Random/Fixed CRI.

· Test metrics: CRI accuracy and Follow CRI / Random CRI throughput ratio

· Use legacy 1D 4Tx antenna array model

· Dynamic power level based eNB beamforming emulation model is used (different beams have different power levels which change in time domain))

· Use codebook subset restriction to verify that CRI reporting is not based energy level detection

Proposal #4:
Consider the following CSI test framework for the Class B CSI reporting verification with K = 1 with PMI-Config 1
· Transmission mode 9

· No channel and interference measurements configured

· 1D antenna array with 4 TX XP antennas

· FRC: Rank 1 16QAM or 64QAM fixed MCS is used

· Test methodology: Test measures the PDSCH throughput ratio between follow PMI and random PMI precoding. 

Proposal #5:
Consider the following CSI test framework for the measurement restrictions verification:

· Test purposes: Ensure that UE does not make any excessive averaging of the channel and/or interference estimates outside the subframes configured by the network for the CQI reporting.

· Introduce separate CSI reporting test cases for the verification of the Channel and interference measurement restrictions
· Test #1: Channel MR verification + TM9 + CSI Class B with K = 1
· Test #2: Interference MR verification + TM10 + CSI Class A/B
· CQI reporting test methodology

· Test metric: CQI reporting accuracy

· The serving and interference power levels are controlled on a per subframe-basis to ensure that UEs not following measurement restrictions are penalized
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