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1. Introduction
In the previous RAN4 meeting the initial discussion on the Elevation Beamforming / Full-Dimension MIMO WI (EBF/FD-MIMO WI) [1] impacts on the UE demodulation and CSI reporting requirements took place. The following agreements were reached [2]:
	· BS performance requirements impact

· No eNB performance requirements for EBF/FD-MIMO WI in Rel-13.

· UE performance requirements impact

· No UE RRM performance requirements for EBF/FD-MIMO WI in Rel-13.
· No new control channel performance requirements (PDCCH, PCFICH, PHICH, EPDCCH, PBCH) for EBF/FD-MIMO WI in Rel-13.
· Define the requirements to verify DMRS enhancement for EB/FD-MIMO

· FFS: whether to use PDSCH demodulation test or CSI test

· 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
· It’s FFS whether new CSI test cases need to be introduced for measurement restriction functionality
· It’s FFS whether new CSI test case need to be introduced for CSI Class B K=1 with W2 only PMI feedback


In this contribution we share further views on different aspects of the FD MIMO UE demodulation and CSI reporting requirements.
2. Discussion

2.1 EBF/FD-MIMO functionality test coverage
In Table 1 we provide the EBF/FD-MIMO UE feature list in accordance to the ongoing RAN1 WG e-mail discussion. In the table we also provide information on the up to date RAN4 agreements on the feature test coverage and also our views on the need for additional test cases.
Table 1. EBF/FD-MIMO UE feature list

	#
	Feature group
	Components
	RAN4 agreements
	Comments

	4-1
	Class A CSI reporting
	1) 2D class A codebooks (for 8, 12, and 16 ports)
2) P-CSI and A-CSI for 2D codebooks
3) 12- and 16-port CSI-RS
	Define CSI reporting requirements
	Feature is agreed to be verified. Subset of tested functionality needs further discussion..

	4-2
	Class B CSI reporting
	1) K>1 NZP CSI-RS resources configuration and CRI reporting (for P-CSI and A-CSI)
2) K=1 NZP CSI-RS resource, PMI.Config (=1 or 2), codebooks for PMI.Config = 1, and associated P-CSI and A-CSI modes
	Define CSI reporting requirements 
(for K>1 NZP CSI-RS resources)
	The Class B CSI reporting for K = 1 (with W2 PMI reporting) is not covered and additional test cases are needed.

	4-3
	Enhanced SRS
	1) Additional UpPTS symbols
2) Comb-4
3) […]
	Not discussed
	No receiver and UE demodulation impacts 

	4-4
	Channel Measurement Restriction (MR)
	1) Channel MR
	FFS
	Feature is not verified.

New CSI reporting test cases should be defined

	4-5
	Interference Measurement Restriction (MR)
	1) Interference MR
	FFS
	Feature is not verified.

New CSI reporting test cases should be defined

	4-6
	Enhanced DMRS
	1) 4 orthogonal DMRS ports
2) DCI format for Rel.13 DMRS port signaling
	Define requirements
(FFS UE demod or CSI reporting)
	There are no impacts on the CSI reporting and independent from the CSI enhancements => UE demodulation requirements should be defined

	4-7
	CSI-RS-TDD
	1) CSI-RS on DwPTS
	Not discussed
	No substantial changes in the receiver implementation. Corresponding test cases can be introduced but have low priority.


As show in the table currently several important FD MIMO features are not covered by the test including channel and interference MR and Class B CSI reporting for the K = 1 case.

Proposal #1:
Introduce new CSI reporting test cases for the Channel and Interference Measurement Restriction features.

Proposal #2:
Introduce Class B CSI reporting requirements for the K = 1 case.
In addition, we would like to note that in accordance to the current RAN1 discussion, the majority of the EBF/FD-MIMO capabilities are expected to be independent from each other. In terms of the RAN4 work this implies that a set of separate test cases should be used for the verification of various features and mixing different functionalities in one test (e.g. channel and interference measurement restriction, DMRS enhancement and CSI reporting) is not recommended. 
2.2 Class A CSI reporting

For the Class A CSI reporting, UE reports CSI according to W=W1W2 codebook based on {8,12,16} non-precoded CSI-RS ports based on the Kronecker product of the DFT based precoding vectors. The new 2D codebook has a configurable port layout, oversampling and grid of beam configuration.

Below we provide our preferences on the Class A CSI reporting test design:

· 
Test purposes
· Verification of the new 2D antenna array codebooks

· Verification of correct W1 and W2 PMI reporting

· Verification of the correct 12 and 16 ports CSI-RS implementations

· Verification of the codebook subset restriction functionality

· 
Test type
· PMI reporting test case can be introduced to verify correct PMI estimation using the new 2D codebook. FFS whether RI reporting test case is needed.
· Test metrics
· Throughput ratio for follow PMI / random PMI can be used similar to the legacy PMI test cases.
· Number of test cases
· The Class A CSI reporting test setup requires using multiple TX antennas which may be undesirable from the test complexity/cost perspective. Therefore it is recommended to reduce the number of test and keep it minimal. In particular, two test cases can be introduced to cover single PMI and multiple PMI reporting.
· Number of CSI-RS ports
· Two tests for 12 and 16 CSI-RS ports can be introduced.
· Antenna configurations
· Based on the RAN1 agreements the following antennas configurations are supported ( {N1, N2}): {8,1}, {2,2}, {2,3}, {3,2}, {2,4} and {4,2}. For the test case definition it is suggested to choose the {4,2} and {3,2} antenna configuration.
· Codebook subset restriction
· Codebook subset restriction should be configured to verify corresponding functionality. Details are FFS.

Proposal #3:
Use the following test setup for the Class A CSI reporting verification
· PMI reporting requirements test case. FFS whether RI reporting is needed.
· Test metrics: Throughput ratio between follow PMI and random PMI

· Two test cases are defined
· Test #1: Single PMI reporting, 16 CSI-RS ports, {4,2} 2D antenna array
· Test #2: Multiple PMI reporting, 12 CSI-RS ports, {3,2} 2D antenna array
2.3 Class B CSI reporting with K > 1
In accordance to the previous meeting agreements the Class B CSI reporting test case need to be introduced for the K>1 case, while the K=1 case is FFS. For the K>1 case, 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, we think that the test cases for the Class B CSI reporting should focus on the verification of the CRI reporting functionality, while CQI/PMI/RI reporting my not be tested.
Two possible test approaches with different beam forming models and different test metrics were suggested in the previous RAN4 meeting [3]:

· Alt1: Fixed channel beam direction per NZP CSI-RS resource with CRI accuracy metrics;
· Alt2: Channel beam direction steering during test with throughput ratio metrics.
The first approach focuses on the verification of the particular CRI estimation and reporting functionality, while the second approach allows additional verification of correct CRI reporting in case of the relatively slow change of the channel conditions. In our view, at least the first tests based on the first approach should be introduced, while additional test cases to verify CSI reporting for the beam steering conditions can be defined at a later stage.
Below we provide our preferences on the Class B CSI reporting test design for the K > 1 case:

· 
Test purposes
· Verification of the CRI reporting accuracy
· Verification of the maximum number of handled CSI-RS resources
· CSI setup
· UE is configured with Class B CSI reporting with has K NZP CSI-RS resources (K value is FFS and is subject to the RAN1 discussion on the UE capabilities)
· Test metrics
· Either CRI accuracy (i.e. correct CRI is reported X% of time) or throughput ratio between follow CRI and random CRI can be used for the performance verification.
· 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 with different fixed SNR levels can be used to emulate different beam transmission. In this case UE will be supposed to report the CSI-RS resource with the highest SNR level. In our view, this approach is more preferable from the test design perspective since reduced number of antennas can be used (e.g. 4 Tx antennas) and it may be more easy to control the test parameter via CSI-RS resource power level adjustment.

· 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 #4:
Consider the following CSI test framework for the Class B CSI reporting verification with K > 1
· Test purposes: Verify correct CRI reporting based on the CQI/PMI/RI measurements

· Test metrics: FFS between CRI accuracy and Follow CRI / Random CRI throughput ratio
· Use legacy 1D 4Tx antenna array model

· Power level based eNB beamforming emulation model is used (different beams have different power levels)
· Use codebook subset restriction to verify that CRI reporting is not based solely on the energy level detection

2.4 Channel and interference measurement restrictions
Another feature introduced in the Rel-13 is the CSI measurement restrictions (MR) which includes channel and interference measurement restrictions. 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 up until and including CSI reference resource. 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 up until and including CSI reference resource.

We would like to note that based on the RAN1 agreements likely two different features with channel MR and interference MR are expected to 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 the TM(s) for the channel MR are still FFS. Therefore, at current stage it may be recommended to proceed under assumption of using different test cases for the interference and channel MR verification.
The following channel and interference MR test design is suggested:
· 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 CSI reporting (CQI/PMI/RI/CRI).
· Test cases
· Two generic CSI reporting tests to be introduced for different MR capabilities
· Test #1: Verification of the channel measurement restrictions
· Test #2: Verification of the interference measurement restrictions
· FFS whether a single CSI reporting or different test cases for CQI, PMI, RI and CRI reporting verification are needed.
· Transmission modes
· Test #1: TM9 if supported, or TM10 otherwise
· Test #2: TM10

· CQI reporting test methodology
· There is no need to overcomplicate the test setup and a basic functional test case can be used. The serving and interference power level settings can be controlled on a per subframe-basis to ensure that UEs not following the measurement restrictions are penalized.
· Test #1: Serving cell signal power is adjusted 
· Subframes used for channel measurements: PServ1
· Subframes not used for channel measurements: PServ2
· PServ1 > PServ2 (e.g. PServ1 = PServ2+ 10 dB)

· Test #2: Interference cell signal power is adjusted
· 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 PServ1 and PInterf1. In case UE does not follow the MR, the reported CSI 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 similar approach with certain modifications can be used for the PMI/RI/CRI reporting.

Proposal #5:
Consider the following CSI test framework for the CSI measurement restrictions verification:
· Introduce separate CSI reporting test cases for the verification of the Channel and interference measurement restrictions
· 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 CSI reporting (CQI/PMI/RI/CRI).

· 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
2.5 Enhanced DMRS

In Rel-13, the enhanced PDSCH DMRS functionality was introduced to improve the MU-MIMO performance. In particular, the DMRS design with OCC=4 and 12 REs/PRB for supporting up to 4 orthogonal ports was introduced (APs 7, 8, 11, 13). 
	Ports for MU transmission
	OCC

	Port 7
	[1 1 1 1]

	Port 8
	[1 -1 1 -1]

	Port 11
	[1 1 -1 -1]

	Port 13
	[1 -1 -1 1]


The enhanced DMRS functionality has impacts on the PDSCH demodulation procedures, while no impacts on the CSI reporting are foreseen. Therefore, as mentioned above, it is suggested to introduce PDSCH demodulation test case only. The respective test case should enable verification of the correct receiver processing for the new DMRS design with OCC=4 for APs 7, 8, 11, 13. The following general test approach can be considered for the Enhanced DMRS verification:
· Test purpose
· Verification of the receive DMRS processing using OCC=4

· [FFS] Verification of blind OCC=2/4 processing
· PDSCH test for OCC=4 DMRS verification
· New TM 9 or TM10 Single-layer Spatial Multiplexing PDSCH demodulation test case

· Reuse concept and parameters from the existing TS 36.101 test case 8.3.1.1-1 Test 2 with simultaneous MU-MIMO transmission on other DMRS APs.
· The MU-MIMO transmissions should occupy all 4 DMRS APs.

· A new simultaneous transmissions beamforming model should be defined with 4 concurrent transmissions. The existing random beamforming approach can be reused.

· FFS whether additional power scaling of the simultaneous transmissions is needed.
· The test should be able to verify that UEs using OCC=2 receive processing will not pass the requirements in case the MU-MIMO actual transmission is done using the OCC=4.

Proposal #6:
Consider the following test framework for the Enhanced DMRS verification

· Test purposes
· Verification of the receive DMRS processing using OCC=4

· Verification of single layer PDSCH transmission on APs 11/13

· FFS: whether verification of blind OCC=2/4 processing 

· PDSCH test for OCC=4 receive processing verification

· Single-layer Spatial Multiplexing PDSCH demodulation test with TM 9 or TM10
· Simultaneous MU-MIMO PDSCH transmission using 4 DMRS APs (7,8,11,13)
· UEs using OCC=2 receive processing should not pass the requirements.
3. Conclusions

In this contribution we have provided our views on the EBF/FD-MIMO UE demodulation and CSI reporting requirements. In summary, we make the following proposals:
Proposal #1:
Introduce new CSI reporting test cases for the Channel and Interference Measurement Restriction features.

Proposal #2:
Introduce Class B CSI reporting requirements for the K = 1 case.
Proposal #3:
Use the following test setup for the Class A CSI reporting verification
· PMI reporting requirements test case. FFS whether RI reporting is needed.
· Test metrics: Throughput ratio between follow PMI and random PMI

· Two test cases are defined

· Test #1: Single PMI reporting, 16 CSI-RS ports, {4,2} 2D antenna array
· Test #2: Multiple PMI reporting, 12 CSI-RS ports, {3,2} 2D antenna array
Proposal #4:
Consider the following CSI test framework for the Class B CSI reporting verification with K > 1

· Test purposes: Verify correct CRI reporting based on the CQI/PMI/RI measurements

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

· Use legacy 1D 4Tx antenna array model

· Power level based eNB beamforming emulation model is used (different beams have different power levels)

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

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

· Introduce separate CSI reporting test cases for the verification of the Channel and interference measurement restrictions
· 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 CSI reporting (CQI/PMI/RI/CRI).

· 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
Proposal #6:
Consider the following test framework for the Enhanced DMRS verification

· Test purposes
· Verification of the receive DMRS processing using OCC=4

· Verification of single layer PDSCH transmission on APs 11/13

· FFS: whether verification of blind OCC=2/4 processing 

· PDSCH test for OCC=4 receive processing verification

· Single-layer Spatial Multiplexing PDSCH demodulation test with TM 9 or TM10
· Simultaneous MU-MIMO PDSCH transmission using 4 DMRS APs (7,8,11,13)
· UEs using OCC=2 receive processing should not pass the requirements.
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