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1 Introduction

In RAN#71, the work item “Enhancements on Full-Dimension (FD) MIMO for LTE” was approved in [1] which aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. 

In last RAN4 meeting, such agreements were achieved for Class A PMI test cases:
	· Introduce two Class A PMI test cases in Rel-14 eFD-MIMO with different antenna ports:
· One test case for wideband PMI reporting 
· Option 1: 28 port with CDM4

· Option 2: 24 port with CDM4

· One test case for sub-band PMI reporting
· 32 port with CDM8

· CSI-RS reduced density for non-precoded CSI-RS resources will be covered by Class A  wideband PMI test case

· FFS test applicability

· Pending on UE capability, random selection CSS configuration from UE supported list; and defining minimum performance requirements applicable for all CSS configurations.
· Reusing test metric as Rel-13 Class A PMI test case as baseline


In this contribution, we further discuss CSI test case design for Class PMI test cases with initial evaluation results.
2 Discussion
2.1 Test case design

CSI-RS Ports for wideband PMI test case

As agreed in [2], two PMI cases were agreed to be introduced for Class A PMI test cases. One is sub-band PMI test case with 32 ports.  Another one is wide-band PMI test case with 28 ports or 24 ports.  As summarized in below table, RAN4 has introduced such dual-stage codebook PMI test cases from Rel-10 with different number of CSI-RS ports.
	 WI
	Rel-10 eDL-MIMO

PMI test with CSI-RS (TDD only)
	Rel-12 eDL-MIMO 

PMI test with 4Tx dual codebook
	Rel-13 FD-MIMO

Class A PMI test cases
	Rel-14 eFD-MIMO

Class A PMI test cases

	CSI-RS ports 
	8 ports (Single PMI)

8 ports (Multiple PMI)
	4 ports (Single PMI)

4 ports (Multiple PMI)
	12 ports (Single PMI)

16 ports (Multiple PMI)
	24/28ports (Single PMI)

 32 ports (Multiple PMI)


 For eFD-MIMO class A extension, a set of {20, 24, 28, 32} CSI-RS port can be supported. Considering above information, we slightly prefer to introduce single PMI test case with 24 ports with uniform step-size of number of CSI-ports covered by PMI test cases.
Propoal1: Introduce single PMI test case with 24 CSI-RS ports.

RRC parameter for codebook construction

Following Rel-13 Class A codebook structure, below RRC parameters needed to generate Class A codebook:
· Antenna layout (N1,N2) and sub-sampling rate (O1,O2)

	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,-)


· Codebook-Subset-Selection Configuration: All the four codebook Configs 1-4 of Rel-13 are supported
For CSS configuration, as agreed in last RAN4 meeting, same approach as Rel-13 reused: during test, pending on UE capability, random selection CSS configuration from UE supported list; and defining minimum performance requirements applicable for all CSS configurations.
For detailed (N1, N2) and (O1, O2) configuration, similar as Rel-13, in order to align with physical antennas layout, during test we fixed N1 corresponding to vertical domain and N2 corresponding to horizontal domain. Considering number of antennas in horizontal domain larger than vertical domain in typical antenna layout, we propose below (N1, N2) and (O1, O2) for 24, 28 ports and 32 ports.
Proposal 2: Below (N1, N2) and (O1, O2) configurations can be considered for 24 ports, 28 ports and 32 ports

· (N1,N2) = (3,4), (O1,O2) =(8,4) for 24 ports (if needed)

· (N1,N2) = (2,7), (O1,O2) =(8,4) for 28 ports (if needed)

· (N1,N2) = (2,8), (O1,O2) =(8,4) for 32 ports

CSI-RS density reduction for non-precoded CSI-RS
Class A PMI test cases can jointly verify non-pecoding CSI-RS enhancement including new CDM pattern, port indexing and PDSCH rate matching for reduced CSI-RS density. For Class A NZP CSI-RS with more than 16 CSI-RS ports, CSI-RS density d ∈ {1, 1/2, 1/3} RE/RB/port was supported. 
For Class A, PDSCH rate matching in the REs in PRBs with no CSI-RS ports within a group:  CSI-RS overhead reduction is supported by Comb-like transmission, allowing PDSCH transmission in the REs in PRBs with no CSI-RS ports

· UE measures channel in REs in PRBs with CSI-RS ports and expects PDSCH in PRBs with no CSI-RS ports

As agreed in last RAN4 meeting, CSI-RS density reduction for non-precoded CSI-RS can be covered by wideband PMI test case.  Following RAN1’s agreements for Rel-14 feature list, Class A CSI reporting Rel-14 and density reduction for Rel-14 Class A are two separate feature. Below test applicability proposed:

Proposal 3: Introduce two separate test cases for Rel-14 Class A wideband PMI test, one test case without CSI-RS density reduction, another test case with CSI-RS density reduction; pending on UE capability to select one of test cases to pass.

Regarding configurations for CSI-RS density reduction, two RRC parameters were introduced:

· FrequencyDensityNonPrecoded: d1=1, d2=1/2, d3=1/3. Same value of d applies to all aggregated CSI-RS configurations in a CSI-RS resource.
· NZP-TransmissionCombListNonprecoded:  Comb offset list for a NP CSI-RS resource, independently configured per CSI-RS configuration.
Based above analysis, we can introduce different comb offset values for different CSI-RS configurations to span different CSI-RS ports in different PRBs. 
Proposal4: For CSI-RS density reduction, below configurations proposed:

· Density: d =1/3, Comb-offset list: {0,1,2} for 24 ports (if needed)
· Density: d =1/3, Comb-offset list: {0,1,2,0,1,2,0} for 28 ports (if needed)
Other detailed test parameters
For other detailed test parameters, we can reuse existing Rel-13 Class A 12Tx and 16Tx PMI test cases as starting point. For single PMI test case, EPA5Hz and PUSCH 3-1 feedback mode can be used. For multiple PMI test case, EVA5Hz and PUSCH 1-2 feedback mode can be used. Overall, 

Proposal5: such test cases will be introduced for Class A PMI test cases:
· Test 1 Single PMI test case: EPA5Hz, PUSCH 3-1 mode, CDM4, (O1,O2) = (8,4)
· Test 1-a: without CSI-RS density reduction

· Test 1-b: with CSI-RS density reduction, d =1/3, 
· Test 2 Multiple PMI test case: EVA5Hz, PUSCH 1-2 mode, CDM8, (O1,O2) = (8,4),(N1,N2) = (2,8), d=1

Parameters α1, α2, β and γ for MIMO correlation matrix 
With initial evaluation results below, we can observe that larger performance gap between following PMI and random PMI with existing parameters to generate MIMO correlation matrix. Furthermore, as in existing 36.101 specs, the correlation parameters i.e.  α1, α2 are specified based on antenna pattern (ULA, XP, or 2D XP) and no separate values based on different number of antennas. Considering specification consistency, it’s better to have consistent correlation parameters for different antenna numbers with the same antenna pattern.
Proposal 6: Existing Parameters α1, α2, β and γ specified for 2D antenna array should be reused for upper to 32 ports in Rel-14
Table B.2.3B.3-1 in TS 36.101
	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 first dimension at eNB side.

Note 2:
Value of α2 applies when more than one pair of cross-polarized antenna elements in second dimension at eNB side.

Note 3:
Value of β applies when more than one pair of cross-polarized antenna elements at UE side.


For test metric and proper MCS and Rank, we bring evaluation results in below chapter to decide feasible options.
2.2 Initial evaluation
2.2.1 Simulation assumption 
In order to get feasible test metric, MCS and rank for introducing test cases, initial simulation was carried based on below simulation assumption.
1. Single PMI cases: 
a) PUSCH 3-1, 24 ports, with (N1,N2) = (2,6), (O1,O2) = (8,4), CDM4, d =1, EPA5Hz
b) PUSCH 3-1, 24 ports, with (N1,N2) = (2,6), (O1,O2) = (8,4), CDM4, d =1/3, Comb-offset list: {0,1,2} , EPA5Hz
2. Multiple PMI case: PUSCH 1-2, 32 ports, with (N1,N2) = (2,8), (O1,O2) = (8,4), CDM8, d =1, EVA5Hz

For MCS and Rank, below options were considered:

· 16QAM 1/2 Rank2 
· 64QAM 1/2 Rank1 

· 64QAM 1/2 Rank2 
	Parameter
	Unit
	Test 1 (Single PMI test) -24 ports
	Test 1-a (Single PMI test) -24 ports with CSI-RS density reduction
	Test 2 (Multiple PMI test) -32 ports

	Bandwidth
	MHz
	10
	10
	10

	Transmission mode
	
	9
	9
	9

	Propagation channel
	
	EPA5
	EPA5
	EVA5

	Precoding granularity
(only for reporting and following PMI)
	
	50
	50
	6

	Correlation and antenna configuration
	
	2D High XP 24 x 2 
(N1,N2,P) = (2,6,2)
	2D High XP 24 x 2 
(N1,N2,P) = (2,6,2)
	2D High XP 32 x 2
(N1,N2,P) =(2,8,2)

	Beamforming model
	
	[Annex B.4.3]
	[Annex B.4.3]
	[Annex B.4.3]

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports
	Antenna ports
	Antenna ports

	
	
	15,…,38
	15,…,38
	15,…,46

	Number of CSI-RS ports
	
	24
	24
	32

	CDM Type
	
	CDM4
	CDM4
	CDM8

	CSI-RS periodicity and subframe offset  
TCSI-RS / ICSI-RS
	
	5/1
	5/1
	5/1

	NZP-CSI-RS-Configuration-List
	
	{0,1,2}
	{0,1,2}
	{0,1,2,3}

	FrequencyDensityNonPrecoded
	
	1
	1/3
	1/3

	NZP-TransmissionCombListNonprecoded
	
	NA
	{0,1,2}
	NA

	NZP-TransmissionCombNonprecoded
	
	0
	0
	1

	eMIMO-Type
	
	Class A
	Class A
	Class A

	codebookConfig-N1
	
	2
	2
	2

	codebookConfig-N2
	
	6
	6
	8

	codebook-Over-Sampling-RateConfig-O1
	
	8
	8
	8

	codebook-Over-Sampling-RateConfig-O2
	
	4
	4
	4

	Codebook-Config
	
	1,2,3,4
	1,2,3,4
	1,2,3,4

	codebookSubsetRestriction-1
	
	0x02/01 
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
	0x02/01 
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
	0x02/01 
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF

	codebookSubsetRestriction-2
	
	FFS
	FFS
	FFS

	Reporting mode
	
	PUSCH 3-1
	PUSCH 3-1
	PUSCH 1-2

	Reporting interval
	ms
	5
	5
	5

	PMI delay
	ms
	8
	8
	8

	Measurement channel
	
	FFS
	FFS
	FFS

	Rank Number of PDSCH
	
	FFS
	FFS
	FFS

	Max number of HARQ transmissions
	
	4
	4
	4

	Redundancy version coding sequence
	
	{0,1,2,3}
	{0,1,2,3}
	{0,1,2,3}


2.2.2 Simulation results 
Following proposed test and test configuration in last chapter, absolute throughput performances with several PMI adaptation methods were evaluated:

· Case1:Following UE reporting 
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· Case2:Random selection PMI indexes for at each TTI

Figure 1, 2 below gives absolute throughput and relative throughput ratio for 24 ports with single PMI case. And figures 5, 6 below give initial results for 32 ports.

	
[image: image5]
Figure 1: Absolute throughput for 24 ports single PMI test
	
[image: image6]Figure 2: Relative throughput ratio for 24 ports single PMI test


	Figure 3: Absolute throughput for 24 ports single PMI test with CSI-RS density reduction
	Figure 4: Relative throughput ratio for 24 ports single PMI test with CSI-RS density reduction
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Figure 5: Absolute throughput for 32 ports multi- PMI test 
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Figure 6: Relative throughput ratio for 32 ports multi- PMI test 


Based on above initial results, required SNR points corresponding 85% absolute throughput and relative throughput ratio for 24 port single PMI test and 32 ports with different MCS and rank2 combinations were summarized in table below.

	SNR [dB]/TP ratio
	24 ports with Single PMI 

	
	Rank2
16QAM 1/2
	Rank1 

64QAM 1/2
	Rank1

64QAM 3/4

	80% relative TP
	4.0 dB/8.4
	0.3 dB/20
	4.3 dB/15

	85% relative TP
	5.1 dB/7.4
	0.6 dB/19
	4.7 dB/14

	90% relative TP
	6.5 dB/6.3
	1.0 dB/17
	5.3 dB/12

	95% relative TP
	8.5 dB/5.5
	1.8 dB/14
	6.1 dB/10.5


	SNR [dB]/TP ratio
	32 ports with Multi- PMI 

	
	Rank2
16QAM 1/2
	Rank2 

64QAM 1/2

	80% relative TP
	2.6 dB/15
	9.2 dB/10

	85% relative TP
	3.5 dB/12.5
	10.0 dB/9.3

	90% relative TP
	4.6 dB/11
	10.9 dB/8.2

	95% relative TP
	6.4 dB/8.3
	12.6 dB/6.8


Based on evaluation results, we think: 16QAM1/2 Rank2 and 64QAM 1/2 Rank2 are feasible for 24 ports single PMI test and 32 port multiple PMI test cases.
3 Conclusion

In this contribution, we discuss CSI test case design for Class PMI test cases.
Propoal 1: Introduce single PMI test case with 24 CSI-RS ports.

Proposal 2: Below (N1, N2) and (O1, O2) configurations can be considered for 24 ports, 28 ports and 32 ports

· (N1,N2) = (3,4), (O1,O2) =(8,4) for 24 ports (if needed)

· (N1,N2) = (2,7), (O1,O2) =(8,4) for 28 ports (if needed)

· (N1,N2) = (2,8), (O1,O2) =(8,4) for 32 ports

Proposal 3: Introduce two separate test cases for Rel-14 Class A wideband PMI test, one test case without CSI-RS density reduction, another test case with CSI-RS density reduction; pending on UE capability to select one of test cases to pass.

Proposal 4: For CSI-RS density reduction, below configurations proposed:

· Density: d =1/3, Comb-offset list: {0,1,2} for 24 ports (if needed)

· Density: d =1/3, Comb-offset list: {0,1,2,0,1,2,0} for 28 ports (if needed)
· Proposal 5: such test cases will be introduced for Class A PMI test cases:
· Test 1 Single PMI test case: EPA5Hz, PUSCH 3-1 mode, CDM4, (O1,O2) = (8,4)

· Test 1-a: without CSI-RS density reduction

· Test 1-b: with CSI-RS density reduction, d =1/3, 
· Test 2 Multiple PMI test case: EVA5Hz, PUSCH 1-2 mode, CDM8, (O1,O2) = (8,4),(N1,N2) = (2,8), d=1

Proposal 6: Existing Parameters α1, α2, β and γ specified for 2D antenna array should be reused for upper to 32 ports in Rel-14

· Table B.2.3B.3-1 in TS 36.101
	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 first dimension at eNB side.

Note 2:
Value of α2 applies when more than one pair of cross-polarized antenna elements in second dimension at eNB side.

Note 3:
Value of β applies when more than one pair of cross-polarized antenna elements at UE side.


Furthermore, based on evaluation results, we think: 16QAM1/2 Rank2 and 64QAM 1/2 Rank2 are feasible for 24 ports single PMI test and 32 port multiple PMI test cases.
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