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	6.25.2
	R4-160043
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Discussion
		Channel model for EB/FD-MIMO cross-polarized antenna
					 
	Qualcomm Incorporated

	6.25.2
	R4-160069
	Discussion
	Channel modeling for EB/FD MIMO
	Samsung

	r6.25.2
	R4-160353
	Discussion
	EB/FD-MIMO channel correlation matrix for UE demodulation requirements
	Ericsson

	6.25.2
	R4-160403
	Discussion
	MIMO correlation model for 2D arrays
	MediaTek Inc.

	6.25.2
	R4-160752
	Discussion
	Channel model for EBF and FD-MIMO performance requirements
	Huawei, HiSilicon



Proposals from companies:
	Companies
	Proposals

	R4-160043
Qualcomm
	Observation 1. In 2D antenna array, spatial correlation between two antennas is equal to the product of spatial correlations in vertical and horizontal direction. 
Proposal 1. Specify a channel model in a generic way so that channel correlation matrix can be generated for arbitrary 2D antenna array up to N1×N2=32 with N1 and N2 from {1, 2, 3, 4, 8}.
Proposal 2. Specify a correlation matrix for EB/FD-MIMO channel by following method. 
· 


 where UE antenna correlation matrix  and cross-polarization correlation matrix  are same as before. 
· 


  where  and  is correlation matrix for antenna elements along first and second dimension. 
· 
Permutation matrix is same as before with. 
Proposal 3. Specify correlation matrix for linear array for 3 and 8 Tx antenna. 

Proposal 4. Define beam steering for EB/FD-MIMO with beam steering matrix  
where 

.

	R4-160069
Samsung
	Proposal 1: For the spatial correlation matrix of cross polarized 2D antenna array, following formula can be used:

.
Proposal 2: Antenna labelling starts at different columns within the first row (N2), then goes through all the rows (N1), and at last for another polarization.
Observation 1: When the antenna labelling system in Proposal 2 is used, there is no impact on polarization correlation matrix Γand permutation matrix P.
Proposal 3: The lagecy values α, β and γ for the high spatial correlation in 1D antenna array using cross polarized antennas can be reused in 2D antenna array, and only the value of vertical direction correlation needs to be defined.
Proposal 4: The values for parameters α1, α2, β and γ for high spatial correlation are as below.
Table 1
	High spatial correlation

	
	
	
	

	0.9
	0.9
	0.9
	0.3

	Note 1:	Value of α1 applies when more than one pair of cross-polarized antenna elements in the first dimension at eNB side.
Note 2:	Value of α2 applies when more than one pair of cross-polarized antenna elements in the second dimension at eNB side.
Note 3:	Value of β applies when more than one pair of cross-polarized antenna elements at UE side.




	R4-160353
Ericsson
	[bookmark: _Ref441659128]Table 1	Transmission antenna configuration for CSI-RS Class A.
	Number of CRS-RS antenna ports
	(N1,N2)
	Layout

	8
	(2,2)
	[image: ]

	12
	(2,3)
	[image: ]

	
	(3,2)
	[image: ]

	16
	(2,4)
	[image: ]

	
	(4,2)
	[image: ]

	
	(8,1)
	[image: ]



[bookmark: _Ref441667561]Table 2	eNB correlation matrix example.
	(N1,N2)
	Correlation matrix

	(2,2)
	


	(3,2)
	


	(2,3)
	


	(4,2)
	





	R4-160403
MediaTek
	Observation 1, There are two proposals for MIMO correlation when in Rel-8 development, 
· Proposal one: consider the radiation pattern and the power distribution of the impinging waves. The derived correlation is of complex number. 
· Proposal two: give the artificial number to specify the channel statistics in order to match the channel capacity in different correlation level. The correlation is of real number. 
At the end the Proposal two is adopted in 36.101.
Observation 2, The concept of Proposal one is more relevant to the SCM model in RAN1. The Proposal two is mainly for the RAN4 test purpose.
Observation 3, The derived correlation by Proposal one and Proposal two is similar in higher correlation for ULA.
Observation 4, It is not surprised to see the mismatch happen when using less number of parameters (the parameter alpha, and the rule for exponential power) to govern the correlation matrix.
Proposal 1, The correlation matrix with same polarization is represented by the Kronecker product of the two correlation matrices which are respectively for the antennas in the horizontal dimension and in the vertical dimension

For N1= 3 and N2 = 2,                   
       [image: ]

For N1= 2 and N2 = 3,
       [image: ]
For N1= 4 and N2 = 2,
        [image: ]

For N1= 2 and N2 = 4,
        [image: ]

Proposal 2, Re-use the structure of computing the correlation matrix for cross-polarized antennas in B.2.3A.1 of 36.101. Re-use the permutation matrix P and the polarization correlation matrix Gamma
Proposal 3, For the steering matrix in B.2.3A.4 of 36.101, the phase variation can be individually controlled in horizontal and vertical dimension

For N1= 3 and N2 = 2,
      [image: ]

For N1= 2 and N2 = 3,
      [image: ]
For N1= 4 and N2 = 2,
      [image: ]
For N1= 2 and N2 = 4,
      [image: ]


	R4-160752
Huawei, HiSilicon
	follow the equation to get the correlation for a plane array with a rectangular shape shown in Figure 1.
[image: ]
Figure 1: Antenna array model presented by (M, N, P) [TR36.897]
Here we study the correlation between any two cross-polarization antenna element pairs. We sort the element part by an order first along the horizontal and then along the vertical. We always assume that the maximum correlation value α is applicable to the antenna element pairs with the largest inter-distance. Assuming the largest inter-distance is Δ and the inter-distance between two target element pair is dij,  then we can use the following equation to calculate the correlations:

.




Open issues:
· Refer to R4-161224 “Way forward on channel model for EB/FD-MIMO”

Discussion:
Qualcomm: Correlation matrix for 3 ULA should be included. 
  		Samsung: Add more information on 3 ULA.

Intel: keep all the correlation coefficients suggested and further consider Rx side. 
Samsung: Vertical coef. as 0.9. Determine at next RAN4 meeting. Beta, Gama use existing values.
                     High correlation matrix are introduced previously. So better follow this convention. 
 	Samsung: Fine with keeping all the suggested coefficients values.

Ericsson.: Generally fine with the proposal. How to get the coefficients?  What is the criterion?
MTK: alpha determined with medium and high correlation. We should reuse this methodology. 
Samsung: Rel-8 is based on channel capacity. RAN4 test object should be considered as well.


Agreements:
	WF R4-161224 is going to be treated at the RRM main session.

UE demodulation & CSI test
Related contribution list:
	Agenda
	Tdoc number
	Type
	Title
	Source

	6.25.3.1
	R4-160045
	Discussion
	PDSCH demodulation performance requirements for EB/FD-MIMO
	Qualcomm Incorporated

	6.25.3.2
	R4-160044
	Discussion
	CSI feedback performance requirements for EB/FD-MIMO
	Qualcomm Incorporated

	6.25.1
	R4-160071
	Approval
	Overview on FD-MIMO performance requirements
	SAMSUNG Electronics Co., Ltd.

	6.25.3.2
	R4-160072
	Discussion
	CSI test case design for class A
	SAMSUNG Electronics Co., Ltd.

	6.25.3.2
	R4-160073
	Discussion
	CSI test case design for class B K>1
	SAMSUNG Electronics Co., Ltd.

	6.25.3.2
	R4-160074
	Discussion
	CSI test case design for class B K=1
	SAMSUNG Electronics Co., Ltd.

	6.25.3.2
	R4-160075
	Discussion
	CSI test case design for MR functionality
	SAMSUNG Electronics Co., Ltd.

	6.25.3.2
	R4-160133
	Discussion
	Discussion on the Elevation Beamforming / Full-Dimension MIMO impacts on the UE demodulation and CSI reporting requirements
	Intel Corporation

	6.25.3.2
	R4-160354
	Discussion
	Discussion on UE demodulation/CSI requirements for EB/FD-MIMO
	Ericsson

	6.25.3.2
	R4-160404
	Discussion
	On the PMI feedback evaluation for Class A
	MediaTek Inc.

	6.25.3.2
	R4-160405
	Discussion
	On the setup for Class B with K > 1
	MediaTek Inc.

	6.25.3.2
	R4-160406
	Discussion
	Reporting mode analysis for FD-MIMO
	MediaTek Inc.



General Proposal
Proposals from companies:
	Companies
	Proposals

	R4-160071
Samsung
	Proposal2: Introducing PMI test case for CSI Class B K=1 with PMI-config 1 to verify UE properly report W2 to select micro-beam and co-phasing between two polarization groups.
Proposal 3: Introducing CSI test case for measurement restriction functionality to verify following NW configuration when performing CSI measurement.
Proposal 4: in generally, 1 demodulation test case and 5 CSI test cases as list below were required under Rel-13 FD-MIMO WI.
· 2 PMI test cases for Class A with new codebook
· Single PMI test case
· Multiple PMI test case
· CRI test case for Class B with K>1
· PMI test case for Class B with K=1 W2 only PMI feedback 
· One static CQI test for MR functionality 
Proposal 5: No test case is introduced for FD-MIMO + 4Rx in Rel-13 timeframe.
Proposal 6: Introduce all CSI test cases except MR functionality test case under TM mode 9.
Proposal 7: Introduce MR functionality test case under TM10
Proposal 8: FFS whether introducing additional MR functionality test case for TM9 (Channel part only).
Proposal 9: Introduce CSI test cases with several CSI feedback modes as in table below under Rel-13 FD-MIMO WI.
CSI test list
	
	No PMI
	Single PMI
	Multiple PMI

	CSI Class A (PMI test cases)
	N/A
	PUCCH 3-1
	PUSCH 1-2

	CSI Class B K>1
(CRI reporting test)
	N/A
	PUSCH 3-1
	N/A

	Class B K=1
(PMI test case)
	N/A
	PUCCH 1-1
	N/A

	MR functionality test
(Static CQI test case)
	PUCCH 1-0 with Nt=1
	N/A
	N/A


.

	R4-160133
Intel
	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.

	R4-160406
MediaTek
	Observation 1, There is no new reporting mode to be defined in Rel-13 FD-MIMO but the existing reporting modes are all modified.
Observation 2, The three types, Class A, Class B with K> 1, and Class B with K=1, are all included in each of the reporting modes with single PMI and multiple PMI feedback (1-2, 2-2, 3-1 and 3-2). 

	R4-160354
Ericsson
	Proposal 4: RAN4 does not introduce a new test case for measurement restriction.



Agreements in the last meeting:
In last RAN4 meeting, a WF was agreed for FD-MIMO performance requirements:
· 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

Open issues:
· Issue 1: Whether to use PDSCH demodulation test or CSI test to verify DMRS enhancement for EB/FD-MIMO?
· Use PDSCH demodulation test (Qualcomm, Samsung, Intel)
· Issue 2: Whether new CSI test cases are introduced for measurement restriction functionality?
· Yes. (Qualcomm, Samsung, Intel)
· No. (Ericsson)
· Issue 3: Whether new CSI test case are introduced for CSI Class B K=1 with W2 only PMI feedback?
· Yes. (Qualcomm, Samsung, Intel, Ericsson, MediaTek)
· Issue 4: Whether introduce test case for FD-MIMO +4Rx in Rel-13 ?
· No test case is introduced for FD-MIMO + 4Rx in Rel-13 timeframe. (Samsung)

Discussion:


Agreements:

· Proposal1: Introducing PDSCH demodulation test case to verify DMRS enhancement 
· Proposal2: Introducing PMI test case for CSI Class B K=1 
· Proposal 3: Verify channel and interference measurement restriction functionality to verify following NW configuration when performing CSI measurement.
· Proposal 4: Test case is introduced only for FD-MIMO + 2Rx in Rel-13 timeframe.


UE Demodulation
Proposals from companies:
	Companies
	Proposals

	R4-160045
Qualcomm
	Proposal 1. For Rel-13 DM-RS enhancement, following UE implementation aspect should be verified. 
· Parsing of 4 bit DM-RS port indication in DCI format 2C and 2D when Rel-13-DMRS-table is set to 1
· OCC4 DM-RS channel estimation
· MU-MIMO detection out of multiple candidate MU-MIMO interference stream. 
Proposal 2. Verify Rel-13 DM-RS demodulation performance by modifying existing TM9 MU-MIMO demodulation test to incorporate new DM-RS design. Necessary changes would be
· Configure Rel-13-DMRS-table=1 for the UE under test. 
· Schedule PDSCH to UE with DCI 2C indicating 1 layer, port 7, nSCID=0 (OCC=4). 
· Transmit rank 1 MU-MIMO interference user. For interference user port selection, we can consider two options.
· Option 1: DM-RS port of interference user is fixed to port 11.
· Option 2: DM-RS port of interference user is rotated among port 8, port 11 and port 13 during the test.
Proposal 3. Rel-13 UE that supports Rel-13 DM-RS design is required to fulfill only MU-MIMO demodulation requirement for Rel-13 DM-RS.

	R4-160071
Samsung
	Proposal1: Introducing PDSCH demodulation test case to verify DMRS enhancement 
· Replacing one of existing TM9 demodulation test case with updating DMRS configuration signalling. 

	R4-160133
Intel
	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.

	
	



Open issues:
· Issue 1: DMRS configuration chosen as 1 layer, port 7, nSCID=0 (OCC=4)
· Issue 2: Test case design methodology
· Option 1: Update existing TM9 MU-MIMO demodulation test to incorporate new DM-RS design (Qualcomm, Samsung)
· Option 2: New TM 9 or TM10 Single-layer Spatial Multiplexing PDSCH demodulation test case (Intel)
· Issue 3: For interference user port selection,  the proposed options are 
· Option 1: Transmit rank 1 MU-MIMO interference user. (Qualcomm)
· Alt. 1: DM-RS port of interference user is fixed to port 11. 
· Alt. 2: DM-RS port of interference user is rotated among port 8, port 11 and port 13 during the test. 
· Option 2: Simultaneous MU-MIMO PDSCH transmission using 4 DMRS APs (7,8,11,13) (Intel)
· Issue 4: Whether verification of  blind OCC=2/4 processing is needed? (Intel)

Discussion:
· Issue #1:
Intel: Rank 1 can be used. OCC-4 
Samsung: Fine with the revision.
Qualcomm: OCC is signalled by DCI. Problem exists when there is interfering UE. We can leave it for next meeting .

· Issue #2:
Qualcomm: Consensus already achieved on option 1.
Intel: Discuss later. 
Samsung: Reusing existing config.? 
 Intel: Yes, we should follow legacy convention.
Qualcomm: If reuse existing MU-MIMO test, 2 test exists. Rel-13 version is enough. No treat for Rel-10 version.
Samsung: Existing and new test cases should be applied to UE based on its capacity.
Intel:  Too early to determine the detailed config. 
Samsung: Fine with further check. Just to mention that existing TM-9 MU-MIMO test parameters are the baseline to introduce the test cases. Test applicable can be left for further discussion.

· Issue #3: 
Samsung: Fine with the 2 alternatives of Option1. But for Option 2, the issue is how to define the baseline receiver? Currently, we do not have clear view about it.
Intel: Aim to test MU-MIMO capacity. More discussion is needed for the receiver issue raised by Samsung.
Qualcomm: UE with 2 Rx, it is hard for it to handle more than 2 interfering layers. Just randomly select the ports.
Intel:  To handle one interference is ok. Problem may occur if interferers are larger than 2. 
Samsung: Curious about RAN1 decision. With UE pairing methodology applied by eNB, no issue should exist.
MTK: FD-MIMO  can support up to 8 layers.
Samsung: Further consider it at next meeting.

· Issue 4:  
Intel: Not to consider this.

Agreements:

· Issue #2: Reusing existing TM-9 MU-MIMO test parameters as the baseline to introduce the test cases. Test applicable can be left for further discussion.

CSI Test Cases
CSI test case for class A
Proposals from companies:
	Companies
	Proposals

	R4-160044
Qualcomm
	Proposal 1. Specify performance requirements with following codebook. 
· (N1, N2, O1, O2, Config) = (2, 3, 8, 8, 3)
· (N1, N2, O1, O2, Config) = (4, 2, 8, 4, 4)
Proposal 2. Use CDM-4 CSI-RS spreading for CSI-RS configuration for class A CSI tests. 
Proposal 3. Verify CSI feedback for both aperiodic and periodic CSI feedback for CSI class A. Select PUSCH 3-1 is and PUCCH 2-1 as reporting mode. 
Proposal 4. Don’t verify measurement restriction functionality in CSI class A test. 
Proposal 5. Consider wideband and subband PMI test for FD-MIMO CSI class A.

	R4-160072
Samsung
	Proposal1: New PMI test cases were required under CSI class A with such test purpose:
· New codebook construction for 12 ,16 CSI-RS ports which target for 2D antenna arrays
· 

PMI estimation accuracy with first PMI ()and second PMI ()
· New CSI-RS resource mapping for 12 and 16 CSI-RS ports with both CDM2 and CDM4 pattern
· UE processing capability to support maximum codebook size which upper to 11 bits
· CSR(Codebook subset restriction) definition
Proposal 2: Reusing existing PMI test metric for 8Tx PMI test, relative throughput ratio between follow PMI and random PMI under FRC test:
· 

	PMI test
	RRC parameter for codebook
	Antenna & Channel
	MCS &Rank

	
	(N1,N2)
	(O1,O2)
	CSS Configuration
	eNB antennas
(M,N,P)Note1
	Fading Channel
	Antenna Correlation
Note2
	

	Single PMI test
	(2,3)
	(8,8)
	Config =2
	12(2,3,2)
	EPA5
	2D XP High
	[16QAM 1/2]   Rank 1

	Multiple PMI test
	(2,4)
	(8,8)
	Config =3
	16(2,4,2)
	EVA5
	2D XP High
	[16QAM 1/2] Rank2

	Note 1: M corresponding number of antennas in vertical direction at eNB side
            N corresponding number of antennas in horizontal direction at eNB side
            P corresponding number of cross antenna polarized groups at eNB side
Note 2: Channel modelling for 2D XP High channel refer to [3]


· 



is [70%] of the maximum throughput obtained at  using the precoders configured according to the UE reports, and is the throughput measured at with random precoding .
Propose 3: Extending existing beam steering approach to randomize beam direction in both vertical and horizontal domains for 2D planar antenna arrays in BS sides.
Proposal 4: Introducing single PMI and multiple PMI test cases with such configurations
Observation 1: There are large performance gap between following PMI cases (following i11, i12; following i12 with fixed i11=0 and following i11 with fixed i12=0) and random PMI case.
Observation 2: Reporting values for i11 and i12 are uniformly distributed across the candidate values for both single PMI test case and multiple PMI test cases.

	R4-160133
Intel
	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

	R4-160354
Ericsson
	Proposal 1: Introduce new single/multiple PMI tests with PUSCH3-1/PUSCH 1-2 with new Rel-13 codebook supporting 1D/2D port layout.

	R4-160404
MediaTek
	Observation 1, Given the MIMO correlation model based on our proposal, there is no significant performance difference between the four codebook configurations by wideband PMI feedback.
Observation 2, Given the MIMO correlation model based on our proposal, codebook configuration 1 has around 1dB performance loss than others in low correlation by subband PMI feedback.
Observation 3, The gain of follow-PMI over the random-PMI at 70% of max throughput is > 5 in high correlation channel.
Proposal 1, Consider different codebook configuration for 12TX and 16TX in single PMI and multiple PMI tests. Or from reducing the number of tests point of view, specify the tests of 12 TX with single PMI and 16TX with multiple PMI.
Proposal 2, The FD-MIMO requirement is specified up to 2 layers in Rel-13 scope.

	R4-160406
MediaTek
	Proposal 2, The aperiodic reporting mode can be adopted for the test of Class A and Class B with K= 1.



Open issues:

· Issue 1: Test metric: 
· Option 1: Reusing existing PMI test metric, relative throughput ratio between follow PMI and random PMI under FRC test (QC, Samsung, MTK, Intel) 


· Issue 2: Number of test cases
· Option 1:One single PMI test case +One multiple PMI test case (Samsung, QC, Intel, E///,MTK)

· Issue3: Detailed test configurations for single PMI test case

	Companies' view 
	RRC parameter  for Codebook
	Others

	
	(N1,N2)
	(O1,O2)
	CSS configuration
	Channel Model 
	MCS & Rank 
	CSI-RS CDM type
	Feedback mode

	Samsung
	 (2,3)
	(8,8)
	2
	EPA5
	16QAM 1/2 Rank1
	CDM2
	PUSCH 3-1

	QC
	(2,3)
	(8,8)
	3
	EVA5
	Rank1
	CDM 4
	PUSCH 3-1

	Intel
	(4,2)
	
	
	
	
	
	

	E///
	
	
	
	
	
	
	PUSCH 3-1

	MTK
	(3,2)?
	
	
	
	
	
	

	Agreement
	
	
	
	
	
	
	



· Issue 4: Detailed test configurations for multiple PMI test case

	Companies' view 
	RRC parameter  for Codebook
	Others

	
	(N1,N2)
	(O1,O2)
	CSS configuration
	Channel Model 
	MCS & Rank 
	CSI-RS CDM type
	Feedback mode

	Samsung
	 (2,4)
	(8,8)
	3
	EVA5Hz
	16QAM 1/2 
Rank2
	CDM4
	PUSCH 1-2

	QC
	(4,2)
	(8,4)
	4
	EVA5Hz
	Rank1
	CDM4
	PUCCH 2-1

	Intel
	(3,2)
	
	
	
	
	
	

	E///
	
	
	
	
	
	
	PUSCH 1-2

	MTK
	(4,2)?
	
	
	
	
	
	

	Agreement
	
	
	
	
	
	
	





Discussion:

· Issue #1:
MTK: Random PMI by which configuration? Could we clarify it?
Samsung: Follow PMI and random PMI need to be restricted to codebook restriction which is informed by the RRC parameter.

· Issue#3,4: 
Samsung: Further discuss the detailed parameters at next meeting.

Qualcomm: Determine the test parameters by e-mail discussion so that all the companies can run the simulations before next meeting to speed up the progress 

Ericsson: Simulation results will be ready at next meeting, right?
Intel: What kind of parameters exactly?
Qualcomm: At least agree candidates on MCS, rank, codebook parameters, propogation channel.

Agreements:
· Issue#1: 
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.

· Issue#2: 
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. 

· Issue#3,4:
At least agree candidates on MCS, rank, codebook parameters, propogation channel by e-mail discussion so that all the companies can run the simulations for the next meeting to speed up the progress.

CSI test case for class B K>1
Proposals from companies:
	Companies
	Proposals

	R4-160044
Qualcomm
	Proposal 6. For CSI class B with K>1, CRI reporting capability need to verified. 
Proposal 7. Consider CRI reporting test for CSI class B with K>1 based on time varying beam power and PDSCH throughput ratio of 4 beam and 1 beam configuration.

	R4-160073
Samsung
	Proposal 1: Introducing CRI test case for CSI Class B K>1 with such propose
· Verify UE reporting CRI accuracy
· Verify UE process capability to support maximum of total CSI-RS ports
Proposal2: Relative throughput ratio between following CRI and fixed/random CRI can be use for CRI test:
· 
Alt1:   
· 
Alt2: ,
Proposal 3: Introducing Beam-forming Model for CSI-RS resources as below:
Proposal 4: Introducing Beam-forming Model for data/DMRS resources as below:
Proposal 5: Introducing separate test cases with different combination of Nk (number of CSI-RS resource port) and K (number of CSI-RS resource) based on UE capability. A example was given in table below:
	Ntotal
	Nk, K
	Antenna & Channel
	MCS &Rank

	
	Number of CSI-RS resources
K
	Number of ports 
Nk
	eNB antennas
(M,N,P)Note1
	Fading Channel
	Antenna Correlation
Note2
	

	16
	4
	4
	16(4,2,2)
	EPA5
	2D XP High
	[16QAM 1/2]   Rank 1

	32
	8
	4
	16(2,4,2)
	EPA5
	2D XP High
	[16QAM 1/2] Rank1

	64
	8
	8
	16(2,4,2)
	EPA5
	2D XP High
	[16QAM 1/2] Rank1

	Note 1: M corresponding number of antennas in vertical direction at eNB side
            N corresponding number of antennas in horizontal direction at eNB side
            P corresponding number of cross antenna polarized groups at eNB side
Note 2: Channel modelling for 2D XP High channel refer to [3]




	R4-160133
Intel
	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

	R4-160354
Ericsson
	Proposal 2: RAN4 should first agree with the simulation assumption for CRI reporting test, and then discuss the suitable metric for CRS reporting test.

	R4-160404
MediaTek
	Observation 1, Each beam has a range of angles for coverage. The best beam for selection is related to the UE location. However the correlation based channel model adopted by 3GPP RAN4 has nothing to do with that. 
Observation 2, The UE may receive the signal from the mainlobe of the best beam, and from the sidelobe of other beams. In other words, the UE will experience different SINR levels from the received beams.  
Proposal 1, The procedure can be defined as follows,
· From simulation point of view, establish the mapping table of the port and CSI resource to the TX antenna, as shown below for example. 
· Apply the MIMO correlation matrix to all TX antennas (12 in our example) and the further scaling is applied to the TX antennas in CSI resource 1 and 2. It is assumed that the CSI resources are co-located. The purpose is to model the different SINR levels from different beams at the UE.
· When the UE reports which resource index is the preferred one, the DMRS and PDSCH are transmitted from the corresponding TX antennas. For example, if the resource 1 is selected, the port 7 and port 8 for two layers are then transmitted from TX2, TX3, TX8 and TX9.
	Antenna index
	Port to antenna mapping
	CSI Resource to antenna mapping

	TX0
	CRS port 0, CSI-RS port 15, PSS/SSS
	CSI resource 0

	TX1
	CRS port 1, CSI-RS port 16
	CSI resource 0

	TX2
	CSI-RS port 17
	CSI resource 1

	TX3
	CSI-RS port 18
	CSI resource 1

	TX4
	CSI-RS port 19
	CSI resource 2

	TX5
	CSI-RS port 20
	CSI resource 2

	TX6
	CSI-RS port 21
	CSI resource 0

	TX7
	CSI-RS port 22
	CSI resource 0

	TX8
	CSI-RS port 23
	CSI resource 1

	TX9
	CSI-RS port 24
	CSI resource 1

	TX10
	CSI-RS port 25
	CSI resource 2

	TX11
	CSI-RS port 26
	CSI resource 2




	R4-160406
MediaTek
	Proposal 1, The number of tests is our concern for R-13 FD-MIMO. General to say, the periodic reporting can be adopted for the test of Class B with K > 1. The four new reporting types are all related to the CRI reporting.



Open issues:
· Issue 1: Should RAN4 first agree with the simulation assumption for CRI reporting test, and then discuss the suitable metric for CRS reporting test? (Ericsson)

· Issue 2: Test metric:
· Option1: CRI reporting distribution (i.e. correct CRI is over [x%] of time) (Intel)
· Option2: Throughput Ratio between follow CRI and random CRI/Fixed CRI (Qualcomm, Intel, Samsung, MTK)

· Issue 3:Beamforming model
· Option 1: Use a power-level based beamforming emulation model with different fixed SNR levels to emulate different beam transmission (Intel, Qualcomm,MTK)
[image: ]
· Option 2: Configured K NZP CSI-RS resources with different beam-directions in vertical domain, e.g. for fading channel, Beam direction in vertical domain was randomized and slow steering in time domain within the set of beam direction of configured K NZP CSI-RS resources similar as Beam steering approach specified in TS36.101 B.2.3A.4 (Samsung)

 



· Issue 4: Use PUSCH 3-1 as the CSI feedback method (Qualcomm, Samsung)
· Issue 5: Whether to Introduce separate test cases with different combination of Nk (number of CSI-RS resource port) and K (number of CSI-RS resource) based on UE capability. 
	Ntotal
	Nk, K

	
	Number of CSI-RS resources
K
	Number of ports 
Nk

	16
	4
	4

	32
	8
	4

	64
	8
	8



Discussion:

· Issue#1:
Samsung: These 2 issues are combined together.

· Issue#2:
Qualcomm:  We also proposes throughput Ratio between multiple CRI and single CRI.
Samsung: Config one NZP CSI-RS resource. 
Intel: Take into account 4 CRI and one CRI. Measure CRI statistics. 
Samsung: Leave options for the test metrics for next meeting. Relative throughput ratio and CRI statistics are both reserved. 
Qualcomm: one with single CRI and one with multiple CRI.  Check both CRI statistics and throughput ratio.
Intel: What is the benefit for throughput ratio?
 Qualcomm: It can show whether UE make the right choice. 
Samsung:  Apply throughput ratio. For CRI statistics, it is about CRI distribution.  Throughput ratio not only check CRI correctness and but also the correctness of UE to follow the CRI config. 
Ericsson: Leave it for next meeting.
Samsung: Work out some options this time.

· Issue #3: 
Samsung: Candidate for total APs is up to 64.  Option 2 has the advantage for its feasibility in real scenario.
Intel: Fine with its advantage in meeting real scenario. 
Qualcomm:  Make decision at next meeting.
Samsung:  Fine with further check. Keep both options open.

Agreements: 

· Issue#2: 
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.

· Issue#3: Beamforming model
Option 1: Dynamic power scaling 
Option 2: CSI-RS resource specific Beamforming and beam steering channel model 

CSI test case for class B K=1
Proposals from companies:
	Companies
	Proposals

	R4-160044
Qualcomm
	Proposal 8. Consider PMI test for CSI class B with K=1 and W2 only PMI feedback to verify PMI feedback performance and channel measurement restriction functionality.

	R4-160074
Samsung
	Proposal 1: Reusing existing PMI test metric for 8Tx PMI test, relative throughput ratio between follow PMI and random PMI under FRC test:
· 


Proposal 2: Introducing PMI test case under existing 1D cross polarized antenna array with narrowed beam in horizontal direction i.e. 8Tx XP High antenna with beam steering 
Proposal 3: Introducing Beam-forming Model for CSI-RS resources as below
Proposal 4: Introducing Beam-forming Model for data/DMRS as below
Proposal 5: Detailed test configuration was proposed in table below.
	Sub-beam direction  for CSI-RS port pair


	Beam-steering in channel


	Antenna & Channel
	MCS &Rank

	

	

	8*2 XP High EPA5Hz
	[16QAM 1/2]   Rank 1




	R4-160133
Intel
	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

	R4-160354
Ericsson
	Proposal 3: Introduce a PMI reporting test for CSI reporting class B, K=1, PMI_config=1. The test case possibly reuses the PMI reporting test with PUCCH 1-1 for Rel-12 codebook.

	R4-160406
MediaTek
	Proposal 2, The aperiodic reporting mode can be adopted for the test of Class A and Class B with K= 1.



Open issues:
· Issue 1:CSI feedback method
· Option 1: PUSCH 3-1 (Qualcomm, MediaTek?)
· Option 2: PUCCH 1-1 (Samsung, Ericsson )
· Issue 2: Test metrics
· Option 1: Reusing existing PMI test metric for 8Tx PMI test, relative throughput ratio between follow PMI and random PMI under FRC test:

 
· Issue 3: Channel Model
· Option 1: 4x2 fading channel with EVA5 low correlation between eNB and UE (Qualcomm)
· Option 2: 8*2 XP High EPA5Hz (Samsung)
· Issue 4: Beamforming model
· 

Option 1: CSI-RS is transmitted every 5 ms. In even CSI-RS instances, apply precoding . In odd CSI-RS instances, apply precoding  (Qualcomm)
· Option 2: Beam-forming Model for CSI-RS resources set as (Samsung)


, where
Beam-forming matrix for data/DMRS can be specified as below:



Discussion:

Agreements:

CSI test case for MR
Proposals from companies:
	Companies
	Proposals

	R4-160044
Qualcomm
	Observation 1. Interference measurement restriction on CSI-IM can be defined as generic feature for TM10 independent of Rel-13 FD-MIMO feature. 
Proposal 4. Don’t verify measurement restriction functionality in CSI class A test. 
Proposal 9. Verify interference measurement restriction functionality of TM10 UE separately from Rel-13 FD-MIMO feature. 
Proposal 10. Modify TM10 CQI definition test to jointly verify interference measurement restriction from CRS-IM.

	R4-160075
Samsung
	Proposal 1: Introducing CSI test case for measurement restriction functionality with such purpose
· Verify UE implementation CSI measurement averaging properly according to NW configuration for both channel part and interference part.
Proposal 2: Introducing separate test cases under TM10 and TM9.
· For TM10 test, measurement restriction for both channel part and interference part need to be verified
· For TM9 test, only measurement restriction on channel part need to be verified
· Depending on UE capability, UE only need to pass one of test cases.
Proposal 3: Introducing static CQI test with delta CQI metric:
· Delta CQI values between two adjacent CQI reporting 
Proposal4: Apply different transmitted power for NZP CSI-RS and different interference levels for CSI-IM in adjacent CSI-RS sub-frames to generate different SINR levels in adjacent CSI sub-frames.

	R4-160133
Intel
	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



Open issues:
· Issue 1: Introduce separate CSI reporting test cases for the verification of the Channel and interference measurement restrictions
Test #1: Verification of the channel measurement restrictions
Test #2: Verification of the interference measurement restrictions
· Option 1: realize Test #2 with TM10 only (Qualcomm)
· Option 2: (Intel)
· Test #1: TM9 if supported, or TM10 otherwise 
· Test #2: TM10
· Option 3: (Samsung)
· Test #1: both TM9 and TM10
· Test #2: TM10
· Issue 2: Test metrics
· Option 1: CQI reporting accuracy
· Option 2: static CQI test with delta CQI between two adjacent CQI reporting
· Issue 3: Test setup
· Option 1: Adjusting serving cell signal power and interfere signal power between CSI measurement sub-frames and non- CSI measurement sub-frames (Intel)
· Option 2:  Adjusting channel part power and interference power between adjacent CSI measurement sub-frames (Samsung)

Discussion:

Agreements:
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