3GPP TSG-RAN WG4 Meeting #82bis
 R4-1704164
Spokane, WA, US, 3- 7 April, 2017
Agenda Item:
7.28.2.2
Source: 
Samsung
Title: 
Test case design for Class A PMI test cases
Document for:
Approval
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. 

Compared to Rel-13 FD-MIMO, major enhancements in Rel-14 eFD-MIMO were focused on CSI enhancements as summarized in below figure.
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In this contribution, we discuss CSI test case design for Class PMI test cases.
2 Discussion
2.1 Test case design

For Rel-14 eFD-MIMO,  Rel.13 rank 1-8 Class A codebook tables are further extended to the agreed port layouts of {20, 24, 28, 32} ports. The CSI feedback mechanism and codebook structure is the same Rel-13 Class A reporting. It’s straightforward to reuse Rel-13 Class A PMI test cases as basis to introduce Rel-14 class A PMI test cases.

Proposal 1: Taking Rel-13 Class A PMI test cases configurations as basis to introduce Rel-14 Class A PMI test case i.e. beam forming model, beam steering in channel, and MIMO channel correlation matrix structure etc.
For eFD-MIMO class A extension, a set of {20, 24, 28, 32} CSI-RS port can be supported and same as Rel-13 Class A codebook, such RRC parameters are related to codebook generation: 
· Antenna configuration (N1,N2)

· Codebook over 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
Considering RAN4 work load and test effort, it’s not necessary to verify all the combinations with different antennas numbers, CSS configurations and over sampling rates. First of all for CSI-RS ports selection, 32 ports as maximum number of CSI-RS ports supported in Rel-14 need to be included. One additional CSI-RS ports i.e. 24 ports also can be considered to cover sub-band PMI and wideband PMI test cases with different number of CSI-RS ports in order to extend test coverage with limited test case. 

Proposal 2: Introduce two Class A PMI test cases in Rel-14 eFD-MIMO with different antenna ports i.e.

· One test case for wideband PMI reporting 

· One test case for sub-band PMI reporting

Proposal 3: Down selection antenna ports as 32 ports and 24 ports to introduce PMI test cases.

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.  Then corresponding (N1, N2) = (2, 6) and (O1, O2) = (8, 4) can be selected for 24 ports. (N1, N2) = (2, 8) and (O1, O2) = (8, 4) can be configured for 32 ports.
Proposal 4: Below (N1, N2) and (O1, O2) configurations can be considered for 24 ports and 32 ports
· (N1,N2) = (2,6), (O1,O2) =(8,4) for 24 ports
· (N1,N2) = (2,8), (O1,O2) =(8,4) for 32 ports
For CSS configuration, the approach in Rel-13 can be reused:

Proposal 5: Pending on UE capability, random selection CSS configuration from UE supported list; and defining minimum performance requirements applicable for all CSS configurations.
As analysed in [xxx], 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. 

Both CDM2/4/8 pattern supported in Rel-14, for CDM2/CDM4, rel-13 port indexing was reused. CDM-8 patterns for {24, 32} ports can be configured by aggregation of CDM-2/4 patterns from different CSI-RS configurations

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.

Transmission and/or measurement comb offsets are 0..1/d-1

· For d=1/2 (i.e. for Class A & Class B), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset

· For d=1/3 (i.e. at least for Class A), comb offsets ∈ {0, 1, 2} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 3 = comb offset

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
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Proposal 6: CDM8 pattern can be used for 32 ports and CDM4 for 24 ports
Proposal 7: Below reduced CSI-RS density configurations can be considered for 32, 24 ports

· 32 ports: d = 1
· 24 ports: d = 1/2, combo-offset = 0
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 case: PUSCH 3-1, 24 ports, with (N1,N2) = (2,6), (O1,O2) = (8,4), CDM4, d =1/2, combo-offset =0, 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 (MCS13)
· 64QAM 1/2 Rank1 (MCS19)
· 64QAM 1/2 Rank2 (MCS19)
	Parameter
	Unit
	Test 1(Single PMI test) -24 ports
	Test 2 (Multiple PMI test) -32 ports

	Bandwidth
	MHz
	10
	10

	Transmission mode
	
	9
	9

	Propagation channel
	
	EPA5
	EVA5

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

	Correlation and antenna configuration
	
	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]

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

	CSI reference signals
	
	Antenna ports
	Antenna ports

	
	
	15,…,38
	15,…,46

	Number of CSI-RS ports
	
	24
	32

	CDM Type
	
	CDM4
	CDM8

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

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

	FrequencyDensityNonPrecoded
	
	1/2
	1/3

	NZP-TransmissionCombNonprecoded
	
	0
	1

	eMIMO-Type
	
	Class A
	Class A

	codebookConfig-N1
	
	2
	2

	codebookConfig-N2
	
	6
	8

	codebook-Over-Sampling-RateConfig-O1
	
	8
	8

	codebook-Over-Sampling-RateConfig-O2
	
	4
	4

	Codebook-Config
	
	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
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

	Reporting mode
	
	PUSCH 3-1
	PUSCH 1-2

	Reporting interval
	ms
	5
	5

	PMI delay
	ms
	8
	8

	Measurement channel
	
	FFS
	FFS

	Rank Number of PDSCH
	
	FFS
	FFS

	Max number of HARQ transmissions
	
	4
	4

	Redundancy version coding sequence
	
	{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 figure 3,4 below give initial results for 32 ports.
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Figure 1: Absolute throughput for 24 ports single PMI test
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Figure 2: Relative throughput ratio for 24 ports single PMI test
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Figure 3: Absolute throughput for 32 ports multiple PMI test
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Figure 4: Relative throughput ratio for 32 ports multiple 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.

	MCS/Rank
	24 ports with Single PMI 

	
	Rank1 

64QAM 1/2
	Rank2

16QAM 1/2
	Rank2

64QAM 1/2

	Required SNR at [85]% relative TP with following PMI


	1.0 dB
	4.5 dB
	9.9 dB

	TP ratio  (Following PMI/Random PMI)
	16.4
	7.5
	6.2

	MCS/Rank
	32 ports with multiple PMI 

	
	Rank1 

64QAM 1/2
	Rank2

16QAM 1/2
	Rank2

64QAM 1/2

	Required SNR at [85]% relative TP with following PMI


	1.5 dB
	3.8 dB
	10.4 dB

	TP ratio  (Following PMI/Random PMI)
	18
	11.8
	8.2


We can observe that:

Observation 1: With proper MCS and Rank combinations, existing test metric and reference point [85%] for Rel-13 Class A PMI test cases can still work well for new 24 ports, 32 ports test cases.

Observation 2: With initial simulation results, we propose using 64QAM1/2 rank2 for 32 ports test case, and 16QAM1/2 rank2 for 24 ports test case.
3 Conclusion

In this contribution, we discuss CSI test case design for Class PMI test cases.
Proposal 1: Taking Rel-13 Class A PMI test cases configurations as basis to introduce Rel-14 Class A PMI test case i.e. beam forming model, beam steering in channel, and MIMO channel correlation matrix structure etc.

Proposal 2: Introduce two Class A PMI test cases in Rel-14 eFD-MIMO with different antenna ports i.e.

· One test case for wideband PMI reporting 

· One test case for sub-band PMI reporting

Proposal 3: Down selection antenna ports as 32 ports and 24 ports to introduce PMI test cases.

Proposal 4: Below (N1, N2) and (O1, O2) configurations can be considered for 24 ports and 32 ports

· (N1,N2) = (2,6), (O1,O2) =(8,4) for 24 ports
· (N1,N2) = (2,8), (O1,O2) =(8,4) for 32 ports
Proposal 5: Pending on UE capability, random selection CSS configuration from UE supported list; and defining minimum performance requirements applicable for all CSS configurations.

Proposal 6: CDM8 pattern can be used for 32 ports and CDM4 for 24 ports

Proposal 7: Below reduced CSI-RS density configurations can be considered for 32, 24 ports

· 32 ports: d = 1
· 24 ports: d = 1/2, combo-offset = 0

Furthermore, initial simulation results were given with below observations:
Observation 1: With proper MCS and Rank combinations, existing test metric and reference point [85%] for Rel-13 Class A PMI test cases can still work well for new 24 ports, 32 ports test cases.

Observation 2: With initial simulation results, we propose using 64QAM1/2 rank2 for 32 ports test case, and 16QAM1/2 rank2 for 24 ports test case.
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