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1 Introduction

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
In [2], we give overview for FD-MIMO performance requirements and such CSI test case lists are proposed:
	
	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


In this contribution, we give detailed test case design for CSI Class A PMI test cases.
2 Discussion
2.1 Test Case Design
Test Purpose

For CSI Class A (No pre-coded CSI-RS based on schemes), new codebook and PMI construction were introduced which aimed for 2D antenna arrays. In order to support 12 or 16 ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations (∑k Nk ∈ {12,16}) and either CDM-2 or CDM-4 per CSI-RS resource can be configured for a UE. 
UE need to report first PMI (
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) which aimed for main beam direction in first dimension and second dimension and second PMI (
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) which aimed for narrow beam direction and co-phasing selection between two cross polarized groups according to codebook structure.
Furthermore, several RRC parameters and configuration were specified for Class A codebook construction. 
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 (
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· New CSI-RS resource mapping for 12 and 16 CSI-RS ports with CDM2 and CDM4 pattern

· UE processing capability to support maximum codebook size which upper to 11 bits

· CSR(Codebook subset restriction) definition

Test Metric
PMI test cases similar as Rel-10 8Tx PMI test and Rel-12 4Tx Dual-stage codebook PMI test are proposed to validate PMI estimation for Class A with new codebook which target for 2D antenna arrays.
The same test metric as Rel-10 8Tx PMI test and Rel-12 4Tx Dual-stage codebook PMI test could be re-used. 
Proposal 2: Reusing existing PMI test metric as 8Tx PMI test, relative throughput ratio between follow PMI and random PMI under FRC test:

· 
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· 
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is [70%] of the maximum throughput obtained at 
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 using the precoders configured according to the UE reports, and 
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is the throughput measured at 
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with random precoding .

Channel model &Beam steering

In existing RAN4 specs, MIMO channel was introduced based on MIMO spatial correlation matrix. Unlike existing MIMO channel which target for 1D planar antenna arrays, FD-MIMO aims for utilizing both elevation and azimuth domains with 2D antenna array in BS sides. In [3], we analyze how to introduce MIMO channel for FD-MIMO with 2D antenna array based on existing channel modelling methodology in RAN4.
In order to randomize beam directions in both vertical and horizontal domains, similar approach as Beam steering approach specified in TS36.101 B.2.3A.4 for 8Tx and 4Tx dual-stage codebook PMI test case can be reused.
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.
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 is the steering matrix for both vertical and horizontal domains.
· 
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is beam steering matrix for vertical domain with the same polarization group
· 
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is beam steering matrix for horizontal domain with the same polarization group

· M corresponding number of antennas in vertical direction per polarization direction
· N corresponding number of antennas in horizontal direction per polarization direction

· 
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Test Configurations
For FD-MIMO class A, a set of {8, 12, and 16} CSI-RS port can be supported and Rel.13 class A codebook is configured with 5 RRC parameters:
· Number of antennas in 2 dimensions: (N1, N2) = (8,1), (2,2), (2,3), (3,2), (2,4), (4,2)

· Codebook over sampling rate in 2 dimensions: (O1,O2)
	(N1,N2)
	(O1,O2) combinations

	(8,1)
	(4,-), (8,-)

	(2,2)
	(4,4), (8,8)

	(2,3)
	{(8,4), (8,8)}

	(3,2)
	{(8,4), (4,4)}

	(2,4)
	{(8,4), (8,8)}

	(4,2)
	{(8,4), (4,4)}


· Codebook-Subset-Selection Configuration:

· Config =1: (L1,L2) = (1,1) for rank 1-2 

· Config =2: (L1,L2) = (2,2) for rank 1-2 [square]

· Config =3: (L1,L2) = (2,2) for rank 1-2 [non-adjacent 2D beams/checkerboard]

· Config =4: (L1,L2) = (4,1), (1,4) for N1>=N2 and N1<N2 respectively for rank 1-2
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. 
On the other side, considering maximum number of CSI-RS ports supported in Rel-13 is 16, we can choose the combination of (N1, N2) = (2, 4) as first priority to introduce PMI test cases. 
For antenna configuration in eNB side, in order to cover 12 and 16 CSI-RS ports cases, we propose to introduce single PMI test case under 12 ports and multiple PMI test case under 16 ports separately. For 12 ports case, (N1, N2) = (2, 3) can be selected. Although, from RAN1 specs, no linkage and restriction between (N1, N2) and horizontal direction and vertical direction. From RAN4 test aspect, we need to clearly clarify corresponding eNB antenna layout.
For CSS configuration, configuration 2/3: (L1,L2) = (2,2) can be selected to introduce test cases since with such configuration there are 2 beam groups in both vertical domain and horizontal domain. With configuration 2/3, UE need to select sub-beams in two domains through i2 index.
For codebook sub-sampling rate, (O1, O2) = (8, 8) which has largest codebook size can be selected to verify UE capability supporting maximum codebook size with largest candidate codebook sets. Regarding feedback mode as analyzed in [2], in order to avoid collision between first PMI values 
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, we proposed to use A-CSI feedback modes i.e. PUSCH 3-1 and PUSCH 1-2 can be introduced for single PMI and multiple PMI test cases.

For CSI-RS resource mapping, we can consider using CDM2 for 12 ports and CDM4 type for 16 ports separately.
In order to cover different combinations of RRC parameters and limit test cases in RAN4, we propose introduce such test cases:

Proposal 4: Introducing single PMI and multiple PMI test cases with such configurations

	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]


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

· Case3: Fixed 
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through CSR (codebook set restriction) and following 
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· Case4: Fixed 
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Single PMI test case
Based on detailed simulation assumption as in table below, absolute throughput performances with several PMI adaptation methods were summarized in figure 1. Figure 2 summarized relative throughput ration between different PMI adapting methods corresponding to random PMI selection case. Furthermore, the distribution of reporting i1,1 and i1,2 were given in figure 3/4 below.
Single PMI test (FDD)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EPA5

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

	Correlation and antenna configuration
	
	High XP 12 x 2

	Beamforming model
	
	[TBD]

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

15,…,26
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	12

	CDM Type
	
	CDM2

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

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

	CSI-Reporting-Type 
	
	Class A

	Codebook-Config-N1
	
	2

	Codebook-Config-N1
	
	3

	Codebook-Over-Sampling-RateConfig-O1
	
	8

	Codebook-Over-Sampling-RateConfig-O1
	
	8

	Codebook-Subset-SelectionConfig
	
	2

	R13-Codebook-Subset-Restriction-1
	
	[TBD]

	R13-Codebook-Subset-Restriction-2
	
	[TBD]

	Reporting mode
	
	PUSCH 3-1

	Reporting interval
	ms
	5

	 PMI delay 
	ms
	8

	Measurement channel
	
	MCS 14 for all SFs

	Rank Number of PDSCH
	
	1

	Max number of HARQ transmissions
	
	4

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


	
[image: image29]
Figure 1:Absolute Throughput for single PMI
	
[image: image30]
Figure 2:Relative Throughput Ratio for single PMI

	[image: image31.jpg]Percentile

i1 Distribution for TM9 12°2 EPAS XP High Class A Rank 1
018

3 4
i1 Index





Figure 3: Distribution of reporting i11
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Figure 4: Distribution of reporting i12


 Multiple PMI test case

Based on detailed simulation assumption as in table below, absolute throughput performances with several PMI adaptation methods were summarized in figure 5. Figure 6 summarized relative throughput ration between different PMI adapting methods corresponding to random PMI selection case. Furthermore, the distribution of reporting i1,1 and i1,2 were given in figure 7/8 below.
Multiple PMI test (FDD)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EVA5

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

	Correlation and antenna configuration
	
	High XP 12 x 2

	Beamforming model
	
	[TBD]

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

15,…,30
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	16

	CDM Type
	
	CDM4

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

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

	CSI-Reporting-Type 
	
	Class A

	Codebook-Config-N1
	
	2

	Codebook-Config-N1
	
	3

	Codebook-Over-Sampling-RateConfig-O1
	
	8

	Codebook-Over-Sampling-RateConfig-O1
	
	8

	Codebook-Subset-SelectionConfig
	
	3

	R13-Codebook-Subset-Restriction-1
	
	[TBD]

	R13-Codebook-Subset-Restriction-2
	
	[TBD]

	Reporting mode
	
	PUSCH 1-2

	Reporting interval
	ms
	5

	 PMI delay 
	ms
	8

	Measurement channel
	
	MCS 14 for all SFs

	Rank Number of PDSCH
	
	2

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}
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Figure 5:Absolute Throughput for Multiple PMI
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Figure 6:Relative Throughput Ratio for Multiple PMI
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Figure 7: Distribution of reporting i11
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Figure 8: Distribution of reporting i12


Based on simulation results, we can observe that:

· Following PMI cases with different PMI adapting methods have large performance gap compared with random PMI case. 
· For single PMI test, at SNR =-2dB, throughput ratio between following PMI methods (following i11, i12; following i12 with fixed i11=0 and following i11 with fixed i12=0) and random PMI are 11.2, 7.3 and 4.8 separately.

· For multiple PMI test, at SNR =4dB, throughput ratio between following PMI methods (following i11, i12; following i12 with fixed i11=0 and following i11 with fixed i12=0) and random PMI are 7.1, 5.1 and 2.9 separately.
· As in table below, under [60%~80%] relative SNR point, throughput ratios between following PMI and random PMI are summarized.
· Reporting values for i11 and i12 are uniformly distributed across the candidate values for both single PMI test case and multiple PMI test cases.
Reference SNR point and TP ratio for PMI test cases

	Reference point (relative throughput with following PMI)
	Single PMI test 
	Multiple PMI test

	
	SNR [dB]
	TP ratio
	SNR [dB]
	TP ratio

	60%
	NA
	NA
	2.3
	10.5

	65%
	-3.0
	15.3
	3.1
	8.5

	70%
	NA
	NA
	4.0
	7.1

	75%
	NA
	NA
	4.5
	6.6

	80%
	-2.0
	11.2
	5.2
	6.0


3 Conclusion

In this contribution, we give detailed test case design for CSI Class A PMI test cases.
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 (
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· 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:

· 
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is [70%] of the maximum throughput obtained at 
[image: image42.wmf]2

,

2

,

1

1

,

1

follow

follow

follow

SNR

 using the precoders configured according to the UE reports, and 
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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.
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 is the steering matrix for both vertical and horizontal domains.

· 
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is beam steering matrix for vertical domain with the same polarization group

· 
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is beam steering matrix for horizontal domain with the same polarization group

· M corresponding number of antennas in vertical direction per polarization direction

· N corresponding number of antennas in horizontal direction per polarization direction

· 
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Proposal 4: Introducing single PMI and multiple PMI test cases with such configurations

	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]


Based on proposed detailed test case design and configurations, evaluation results were further given with such observations:
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. 

· For single PMI test, at SNR =-2dB, throughput ratio between following PMI methods (following i11, i12; following i12 with fixed i11=0 and following i11 with fixed i12=0) and random PMI are 11.2, 7.3 and 4.8 separately.

· For multiple PMI test, at SNR =4dB, throughput ratio between following PMI methods (following i11, i12; following i12 with fixed i11=0 and following i11 with fixed i12=0) and random PMI are 7.1, 5.1 and 2.9 separately.

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.

4 Reference

[1] R4-158381,” Way forward on UE and BS performance requirements for FD-MIMO”, Samsung
[2] R4-160071,”Overview on UE performance requirements for FD-MIMO”, Samsung
[3] R4-160069, “Channel modeling for EB/FD MIMO”, Samsung
1/10

[image: image53.jpg]TM212*2 EPAS XP High Class A Rank 1

g
=
5
2
£
E)
Ei
2
£
3

S0 00 10
SNRIdB]




[image: image54.jpg]TM912*2 EPAS5 XP High Class A Rank 1

10.00

8.00

k3
4
5
a
£
)
3
2
z
=

400

000
100
SNRIdB]




[image: image55.jpg]TM216*2 EVAS XP High Class A Rank 2

5
k3
4
5
a
£
)
E
2
z
=

100 120
SNR[dB]




[image: image56.jpg]TM216*2 EVAS XP High Class A Rank2

&
H
5
2
£
E]
E
H
Ed
5

SNRIdB]




_1515512266.unknown

_1515592319.unknown

_1515592605.unknown

_1515592384.unknown

_1515592391.unknown

_1515592604.unknown

_1515592328.unknown

_1515512371.unknown

_1515585964.unknown

_1515589703.unknown

_1515590002.unknown

_1515585965.unknown

_1515585962.unknown

_1515585963.unknown

_1515585961.unknown

_1515504266.unknown

_1515512235.unknown

_1515496809.unknown

_1515498677.unknown

_1515498723.unknown

_1515502327.unknown

_1515498709.unknown

_1515498662.unknown

_1515484032.unknown

_1515496802.unknown

_1507397581.unknown

