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1 Introduction

In RAN#68, the work item “Elevation Beamforming/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 2D antenna array. 
In last RAN4 meeting, such agreements were reached for Class B K=1:

· Introduce PMI test case for CSI Class B K=1 with PMI-Config 1
In this contribution, we provide overview on test case design for Class B K =1 PMI test.

2 Discussion
2.1 Test Case Design
For CSI Class B with K=1 (UE beam-formed CSI-RS), both legacy feedback and W2-only feedback were supported through RRC parameter “PMI-Config”. For W2 only feedback, new codebook was applied. As specified in CB (R1-156280), for W2 only feedback, new codebook was applied as: 

· PMI feedback is defined based on class A codebook table with Config = 4  with the following definition:
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In order to verify UE properly reporting W2 to select micro-beam and co-phasing between two polarization groups under CSI Class B K=1, new test case was required for Class B K =1 with PMI-config 1.
Test Metric
The same test metric as Rel-10 8Tx PMI test and Rel-12 4Tx Dual-stage codebook PMI test could be re-used. 
Proposal 1: 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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is [70%] of the maximum throughput obtained at 
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Test Method 

Methodology 1: CSI-RS antenna port pair specific beamforming combined with beam steering channel model
As proposed in [2], following RAN1 agreement, each CSI-RS antenna port pair 
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) is corresponding to a micro sub-beam direction. For RAN4 test case, beam-forming modelling needs to be introduced for CSI-RS resource. In order to simplify test case, we can only model micro sub-beam in horizontal direction and introduce test case under 1D cross polarized antenna array.
Step1: Reusing existing 1D cross polarized antenna array with narrowed beam in horizontal direction i.e. 8Tx XP High with beam steering 
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Step2: Applying separate sub-beamforming vector for each CSI-RS antenna port pair (mapping each antenna pair to 8 physical antennas)
· For each antenna port pair
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, CSI-RS modulation symbols 
[image: image12.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

+

-

-

2

N

P

p

p

RS

CSI

RS

CSI

x

x

 with 
[image: image13.wmf]þ

ý

ü

î

í

ì

+

Î

2

14

,...,

16

,

15

p

N

p

 are mapped to Np physical antennas with beam-forming weights 
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· NP corresponding to number of CSI-RS ports
· 
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 corresponding to micro sub-beam direction for each antenna pair 
· Alt1: 
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· Al2: 
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Step 3: Introducing Beam-forming Model for data/DMRS as below

· Beam-forming matrix for data/DMRS can be specified as below:
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· 
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 corresponding to micro beam selection and co-phase between cross polarization antenna group. The value selection depending beam-forming method:
· For following PMI, 
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 corresponding UE reported PMI value n
· For random PMI , then 
[image: image25.wmf](

)

k

i

,

random selected between [0 ~ Np/2-1] and [0,1,2,3]
Methdology2: Power scaling Method 
Since beamforming information on each antenna pot pair is transparent to UE, power scaling of received power for each antenna pair is a simplified way to verify UE properly selecting antenna pair and co-phase information.
Step1: Resuing existing 1D cross polarized antenna array i.e. 8Tx XP High Channel without beam steering and incorporate power scaling into MIMO channel
· 
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· Alt1: 
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, considering fading channel can bring power variation between each tx-rx antenna path and variant in time domain which is equivalent to power scaling.
· Alt2:
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  with A = 0.5,B=1, K= Np/2=4
Step2: Each antenna port was mapping to corresponding physical antenna
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· j corresponding to physical antenna index, j ={0,1,2,3,…7}
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Step 3: Introducing Beam-forming Model for data/DMRS as below

· Beam-forming matrix for data/DMRS is same as the specified codebook  as below:
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· 
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 corresponding to micro beam selection and co-phase between cross polarization antenna group. The value selection depending beam-forming method:
· For following PMI, 
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· For random PMI , then 
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2.2 Simulation results
Following proposed test and test configuration in last chapter, absolute throughput performances with several beam-forming adaptation methods were evaluated:

· Case1:Following UE reporting PMI index n(for horizontal sub-beam and co-phasing selection )
· Case2:Random selection PMI index (for horizontal sub-beam and co-phasing selection)

· Case3:Fixed beam selection with i=0 through CSR and following co-phasing selection
Furthermore, with 2 alternative methods, we evaluated below cases:
	Evaluation scenarios
	Power Scaling factor
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	Sub-beam direction  for CSI-RS port pair
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	Beam-steering in channel
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	Antenna & Channel
	MCS &Rank

	Scenario 1A (Method 1)
	NA
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	8*2 XP High EPA5Hz
	[16QAM 1/2]   Rank 1

	Scenario 1B (Method 1)
	NA
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	8*2 XP High EPA5Hz
	[16QAM 1/2]   Rank 1

	Scenario 2A (Method 2)
	
[image: image44.wmf](

)

1

=

i

p

k

q


	NA
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	Scenario 2B (Method 2)
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	NA
	NA
	8*2 XP High EPA5Hz
	[16QAM 1/2]   Rank 1


Simulation assumption for Class B K=1
	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 8x 2

	Beamforming model
	
	[TBD]

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
(Nk)
	
	Antenna ports

15,…,22

	Number of CSI-RS ports
(Nk)
	
	8

	CSI-Reporting-Type 
	
	Class B

	Number of NZP-CSI resources (K)
	
	1

	CSI reference signal configuration
	
	0

	CSI-RS-SubframeConfig  
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	1

	PMI-Config


	
	1

	R13-Codebook-Subset-Restriction-3
	
	[TBD]

	Reporting mode
	
	PUCCH 1-1

	Reporting periodicity
	ms
	Npd = 5

	CQI delay
	ms
	8

	 Physical channel for CQI/ PMI reporting
	
	PUSCH 

	PUCCH Report Type for CQI/PMI
	
	2

	PUCCH channel for RI reporting
	
	PUCCH Format 2

	PUCCH report type for RI
	
	3

	cqi-pmi-ConfigurationIndex
	
	2

	ri-ConfigIndex
	
	1

	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}
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Figure 1: Absolute throughput vs. SNR  (Scenario 1A)
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Figure 2: Relative throughput ratio vs. SNR (Scenario 1A)
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Figure 3: Absolute throughput vs. SNR  (Scenario 1B)
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Figure 4: Relative throughput ratio vs. SNR (Scenario 1B)
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Figure 5: Absolute throughput vs. SNR  (Scenario 2A)
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Figure 6: Relative throughput ratio vs. SNR (Scenario 2A)
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Figure 7: Absolute throughput vs. SNR  (Scenario 2B)
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Figure 8: Relative throughput ratio vs. SNR (Scenario 2B)


Based on simulation results, we can observe:

· For Methodology 1: Large performance gap can be observed for between following PMI and random PMI. 
· For scenario 1A, at SNR=-1.2 dB, throughput ratio between following PMI and random PMI is around 1.30 and compared to co-phasing selection with fixed beam case, sub-beam selection can supply additional 8% around gain. 
· For scenario 1B, at SNR=-2.0 dB, throughput ratio between following PMI and random PMI is around 1.54 and compared to co-phasing selection with fixed beam case, sub-beam selection can supply additional 35% around gain.

· For Methodology 2: Large performance gap can be observed for between following PMI and random PMI. 
· For scenario 2A,At SNR=2.8 dB, throughput ratio between following PMI and random PMI is around 1.35 and compared to co-phasing selection with fixed antenna pair transmission, antenna pair transmission selection can supply additional 10% around gain. 
· For scenario 2B,At SNR=2.8 dB, throughput ratio between following PMI and random PMI is around 1.68and compared to co-phasing selection with fixed antenna pair transmission, antenna pair transmission selection can supply additional 40% around gain. 
	Scenario
	70% Relative Throughput

	
	SNR [dB]
	TP ratio

	Scenario 1A
	-1.2
	1.3

	Scenario 1B
	-2.0
	1.54

	Scenario 2A
	2.8
	1.35

	Scenario 2B
	1.6
	1.68


3 Conclusion

In this contribution, we give detailed test case design for CSI Class B with K=1 PMI test.
Proposal 1: 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 
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Furthermore, we supplied two alternative methodology to introduce Class B K=1 PMI test cases.
Proposal 2: Two alternative methods can be further considered to introduce test case
· Alt1: Beamforming Method: applying specific beamforming vector for each CSI-RS antenna port pair combined with narrowed beam steering channel model
· Alt2: Power scaling Method: applying different power scaling factors for different antenna pairs and incorporating power scaling into MIMO channel
Furthermore, we provided simulation results with proposed methods and different scenarios. Based on simulation results:
Observation: Large performance gap can be observed between following PMI and random PMI for both Method 1 and Method2. With proper parameters, large performance gain can be observed with proper antenna pair selection.
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