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1. Introduction
With the completion of RAN1 WI on eFD-MIMO in RAN1 #88 meeting, RAN4 needs to define the performance requirement for the new features introduced in eFD-MIMO and their correponding test plans.

In this contribution, we review the Rel. 14 eFD-MIMO enhancements for Class A eMIMO type and propose a test framework based on their implication to the CSI feedback performance requirement.
2. Rel. 14 Class A eFD-MIMO Review
According to the RAN1 design, the following enhancements have been introduced for release 14 eFD-MIMO Class A.

· Support for {20, 24, 28, 32} CSI-RS ports with 2D codebook
· CSI-RS spreading using CDM-8 for {24, 32} CSIRS ports 

· CSI-RS density reduction for {20, 24, 28, 32} CSIRS ports to reduce CSI-RS overhead
In order to support the new enhancements, UE supporting eFD-MIMO Class A should be able to support

· CSI-RS channel estimation with up to 32 CSI-RS ports and with additional CSI-RS despreading option based on CDM-8

· PMI selection based on the 2-D codebook defined for {20, 24, 28, 32} CSI-RS ports

· CSI-RS channel estimation from sparser CSI-RS resources in frequency domain (when Class A CSI-RS density reduction is additionally supported by the UE)

2.1. Class A 2-D Codebook Extension

Extended 2D codebook for {20, 24, 28, 32} CSIRS ports is captured in Table 1 for different 2D antenna array layout and the oversampling factors.
Table 1 Class A Codebook Extension in Rel.14 eFD-MIMO [1]
	Number of CSI-RS antenna ports, P
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	20
	(2,5)
	(8,4)

	
	(5,2)
	(4,4)

	
	(10,1)
	(4,-)

	24
	(2,6)
	(8,4)

	
	(3,4)
	(8,4)

	
	(4,3)
	(4,4)

	
	(6,2)
	(4,4)

	
	(12,1)
	(4,-)

	28
	(2,7)
	(8,4)

	
	(7,2)
	(4,4)

	
	(14,1)
	(4,-)

	32
	(2,8)
	(8,4)

	
	(4,4)
	(8,4)

	
	(8,2)
	(4,4)

	
	(16,1)
	(4,-)


All four codebook Configs 1 to 4 of Rel-13 continue to be supported in Rel-14 for {20, 24, 28, 32} ports, and no new codebook Config is introduced.
2.2. CSI-RS configuration

For {20, 24, 28, 32} CSI-RS ports, a CSI-RS resource for Class A CSI reporting is composed as an aggregation of multiple CSI-RS configuration with the identical number of CSI-RS ports as shown in the below table [2].
Table 2 CSI-RS configuration aggregation for CSI-RS resource with {20, 24, 28, 32} CSI-RS ports [2]
	Total number of 
antenna ports
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	Number of antenna ports per CSI-RS configuration
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	Number of CSI-RS configurations
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	20
	4
	5

	24
	8
	3

	28
	4
	7

	32
	8
	4


For {20, 28} CSI-RS ports, CSI-RS spreading reuses the same CDM-2 or CDM-4 pattern of Rel 13. For {24, 32} CSI-RS ports, the new CDM-8 pattern is defined in addition to the existing CDM-2 and CDM-4 patterns. The CDM-8 pattern is composed of the aggregation of CDM-4 and CDM-2 patterns for 24 and 32 CSI-RS ports, respectively. 
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Figure 1 CDM-8 Pattern Supported for 24 CSI-RS ports
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Figure 2 Different CDM-8 Patterns Supported for 32 CSI-RS ports
2.3. CSI-RS density reduction

In order to reduce the CSI-RS overhead in Class A eMIMO type with {20, 24, 28, 32} CSI-RS ports, Rel.14 eFD-MIMO introduces a Comb-like CSI-RS transmission with the frequency domain decimation. In particular, when CSI-RS density reduction is used, individual k-th CSIRS configuration comprising the CSI-RS resource is configured by high layer with a pair of additional parameters including the CSI-RS frequency domain density dk ∈ {1,1/2, 1/3} and the Comb offset ok ∈ {0,1,2}. For a given value of (dk, ok), actual CSI-RS transmission may be decimated across frequency domain as
· CSI-RS is transmitted in every PRB if dk = 1 (no decimation), and
· CSI-RS is transmitted only in every (1/dk )-th PRB starting from PRB index of ok ,
where ok should be smaller than (1/dk ).
Within a given CSI-RS resource, all the CSI-RS configurations comprising the CSI-RS resource should be configured with the identical frequency domain density. The Comb offset, however, may be configured differently for each CSI-RS configuration.
The resource elements corresponding to CSI-RS ports in the decimated PRBs can be used for PDSCH transmission, and UE should be able to correctly apply different rate-matching behaviour for the PRBs with and without the decimated CSI-RS RE’s.
3. Test Framework

In the light of the Class A FD-MIMO enhancement reviewed in the previous section, we propose Class A eFD-MIMO performance test framework to capture the following aspects:
· PMI feedback based on the new Class A 2-D codebook for {20, 24, 28, 32} CSI-RS ports
· CSI-RS processing with {24, 32} CSI-RS ports based on CDM-8
· CSI-RS density reduction support

PMI feedback performance test for Class A eFD-MIMO is naturally required due to the introduction of the new 2-D codebook. The same performance metric of 
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as defined in [3], can be re-used for the eFD-MIMO Class A PMI tests. From the full test coverage perspective, PMI feedback test plan may need to include at least one test scenario for each {20, 24, 28, 32} CSI-RS port configuration. However, from UE implementation complexity point of view, CSI-RS processing of {28,32} CSI-RS ports readily establishes the worst case envelope, and testing UE performance under such worst case configurations should serve the purpose of the PMI feedback performance test. To this end, we propose to define the PMI test cases only for {28, 32} CSI-RS ports configuration. At the same time, considering overall RAN4 work load, it is desirable to include only a single 2-D antenna array layout that best reflects the typical deployment for each number of CSI-RS ports. For the choice of the actual layout, we propose to select the layout that has as comparable number of DFT beams as possible between veritcal and horizontal dimensions, i.e., N1O1 ≈ N2O2. For the actual CSI reporting mode, we propose to follow Rel.13 approach to alternate PMI reporting mode between single and multiple PMI feedback across the individual test cases with different number of CSI-RS ports.From CQI/RI feedback perspective, UE implementation of CQI/RI derivation is based on some fixed (best) PMI, and it remains consistent regardless of from which codebook such fixed PMI is derived from. To this end, we propose not to introduce new CQI/RI test for eFD-MIMO Class A type, following the same test framework as in Rel. 13 FD-MIMO. 
CSI-RS spreading based on CDM-8 pattern is newly introduced in Rel.14 eFD-MIMO for the Class A type with {24, 32} CSI-RS ports. Therefore, in order to verify UE’s CSI-RS despreading functionality under the new CDM length, it is desirable to use CDM-8 CSI-RS spreading for the test case with 32 CSI-RS ports. For a UE additionally supporting CSI-RS density reduction for Class A, additional PMI feedback tests should be defined for different decimation ratio of {1/2 and 1/3}. Given that basic PMI feedback test already covers all {20, 24, 28, 32} CSI-RS port configuration, we propose to define the PMI feedback tests with CSI-RS density reduction only for {28, 32} CSI-RS ports where CSI-RS density reduction is more likely to be used due to higher CSI-RS overhead. Decimation ratio of 1/2 and 1/3 can be used for 28 and 32 CSI-RS ports, respectively, which leads to the comparable effective number of CSI-RS ports per PRB of 14 and 10.67. Furthermore, UE functionality for CSI-RS decimation handling with different Comb offset across CSI-RS configurations can be verified in the same test by configuring different Comb offset for seven 4-port CSI-RS configurations (or four 8-port CSI-RS configurations) in a round robin manner. Finally, in order to verify UE’s rate-matching behaviour for the PRBs with and without CSI-RS decimation, the test case should have PDSCH scheduling on the CSI-RS subframe. MCS/TBS for the PDSCH transmission on CSI-RS subframe could be lower than non-CSI-RS subframes considering the high code-rate due to CSI-RS overheads.
Proposal 1. To define two PMI tests for eFD-MIMO Class A, including one multiple PMI test with 28 CSI-RS ports based on CDM-4, and one single PMI test with 32 CSI-RS ports based on CDM -8, as shown in Table 3.
Table 3. Proposed PMI test for eFD-MIMO CSI class A without CSI-RS density reduction
	
	Test 1
	Test 2

	Transmission mode
	9
	9

	Antenna configuration
	28x2
	32x2

	Channel correlation
	TBD
	TBD

	Propagation channel
	EVA5
	EPA5

	Codebook configuration
	(N1, N2, O1, O2)        = (2, 7, 8, 4)
	(N1, N2, O1, O2)        = (4, 4, 8, 4)

	CSI reporting mode
	PUSCH 1-2
	PUSCH 3-1

	CSI configuration
	CDM-4
	CDM-8

	Measurement restriction
	Not configured
	Not configured

	CSI-RS frequency density (d)
	1
	1

	CSI-RS Comb offset for k-th CSI-RS configuration
	0 for all k
	0 for all k

	PDSCH rank
	Rank 1
	Rank 2

	PDSCH scheduling           in CSI-RS subframe
	No
	No


Proposal 2. To define a single PMI test for eFD-MIMO Class A with 32 CSI-RS ports based on CDM-8 and the CSI-RS frequency density reduction factor of 1/3, as shown in Table 4.
Proposal 3. For a UE supporting both Class A codebook with more than 16 CSI-RS ports and CSI-RS frequency density reduction, single PMI test without CSI-RS frequency density reduction is replaced by the same PMI test with CSI-RS frequency density reduction. 
Table 4. Proposed PMI test for eFD-MIMO CSI class A with CSI-RS density reduction

	
	Test 2a

	Transmission mode
	9

	Antenna configuration
	32x2

	Channel correlation
	TBD

	Propagation channel
	EPA5

	Codebook configuration
	(N1, N2, O1, O2)        = (4, 4, 8, 4)

	CSI reporting mode
	PUSCH 3-1

	CSI configuration
	CDM-8

	Measurement restriction
	Not configured

	CSI-RS frequency density (d)
	1/3

	CSI-RS Comb offset for k-th CSI-RS configuration
	k mod 3

(k=0,1,2,3)

	PDSCH rank
	Rank 2

	PDSCH scheduling           in CSI-RS subframe
	Yes


4. Conclusions

In this contribution, we analyzed CSI feedback performance requirements for eFD-MIMO Class A and proposed test case framework to verify UE’s functionality including the support for the new codebook with {20, 24, 28, 32} CSI-RS ports, CSI-RS processing based on CDM-8, and the CSI-RS density reduction using the frequency domain decimation. A list of proposals in this paper is summarized as follows:
Proposal 1. To define two PMI tests for eFD-MIMO Class A, including one multiple PMI test with 28 CSI-RS ports based on CDM-4, and one single PMI test with 32 CSI-RS ports based on CDM -8, as shown in Table 3.
Proposal 2. To define a single PMI test for eFD-MIMO Class A with 32 CSI-RS ports based on CDM-8 and the CSI-RS frequency density reduction factor of 1/3, as shown in Table 4.
Proposal 3. For a UE supporting both Class A codebook with more than 16 CSI-RS ports and CSI-RS frequency density reduction, single PMI test without CSI-RS frequency density reduction is replaced by the same test with CSI-RS frequency density reduction. 
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