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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 of advanced CSI and propose a test framework based on their implication to the CSI feedback performance requirement.
2. Rel. 14 eFD-MIMO Advanced CSI
As a part of WI for eFD-MIMO to improve eNB precoding and interference measurement for more efficient MU-MIMO transmission, RAN1 design has introduced an advanced CSI based on the high resolution codebook with dual beam structure. Advance CSI codebook is defined only for rank1 and rank2, and for higher rank, legacy/Class A codebook is re-used. Advanced CSI codebook supports {4,8,12,16,20,24,28,32} CSI-RS ports, and supports for all the 2D codebook configuration 
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 for Class A codebook as defined in [Table 7.2.4-9, 1] in addition to 
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. When configured with advanced CSI, the oversample factor and codebook config from RRC configuration is applicable only to rank 3-8 Class A codebook, and for rank1 and 2, oversampling factor 
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 are fixed to 4 with the exception of the one-dimensional antenna array, 
[image: image6.wmf]1

2

=

N

, where 
[image: image7.wmf]2

O

 is also fixed to 1. Advanced CSI is not supported in Class B eMIMO type including hybrid CSI or semi-open-loop MIMO transmission. 
Wideband beamforming 
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 in the advanced CSI comprised of dual DFT beams with different weights as given by


[image: image9.wmf]ú

û

ù

ê

ë

é

+

=

+

+

+

+

2

2

1

1

2

1

2

2

1

1

2

1

,

,

,

,

2

1

0

0

0

0

)

1

(

1

m

k

m

k

k

k

m

k

m

k

k

k

pv

v

pv

v

p

P

W

,

where 
[image: image10.wmf]2

1

,

k

k

v

 is the main beam, 
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is the second beam and its relative power with respect to the main beam, and the extra term 
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is the normalization factor. PMI i1 in the advanced CSI is specified by the codebook indices triple of {i1,1, i1,2, i1,3}, where the third index i1,3 determines the relative beam direction 
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 of the second beam with respect to the main beam. The value of i1,3 ranges from 0 to 6, meaning that UE can choose the second best beam out of up to seven candidates beams. Actual relative beam direction of each candidate second beam with respect to the main beam is specified in the below table for the different values of i1,3, where the beam distance in each dimension, 
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Table 7.2.4-17A:  Mapping of 
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For the flexibility of the second beam weight 
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, a new two-bit CSI reporting content of the relative power indicator (RPI) is introduced where the UE’s preferred second beam power is quantized into four levels, given by 
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Since 
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 is comprised of two different beam directions in the advanced CSI, the corresponding 
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is also extended to specify the phasing information for individual beam. In particular, for rank 1 and rank2, 
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is given by 
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where for each layer 
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 is the co-phasing term across the polarizations, and across the first and second beams within each polarization, repectively. Each of 
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can be of any of the four values 
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codebook size is of 6-bits and 12-bits for rank1 and rank2 respectively.
Both aperiodic and periodic reporting is supported for the advanced CSI. When periodic reporting is used, only PUCCH mode 1-1 is supported and rank-2 
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 codebook is further subsampled by a factor of 256. The subsampled 
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is of the following form
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can take a value only from 
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, respectively. Actual mapping from 4-bit i2 to the subsampled 
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 codebook is shown in the below table.
Table 7.2.2-1H: PUCCH mode 1-1 codebook subsampling, with parameter advancedCodebookEnabled=TRUE, 
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	Relationship between the second PMI value and codebook index 
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	Value of the second PMI 
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	Codebook index 
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	0
	2048

	1
	2113

	2
	2178

	3
	2243

	4
	2568

	5
	2633

	6
	2698

	7
	2763

	8
	3348

	9
	3413

	10
	3478

	11
	3543

	12
	3868

	13
	3933

	14
	3998

	15
	4063


3. Test Framework

Test framework for the advanced CSI should be able to verify the UE implementation of 

· Selecting the second best beam direction among up to seven candidate beams
· Deriving the best relative power of the selected second beam among four possible weights
· Selecting the best 
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with respect to the selected main and second beam, and second beam power
· CSI feedback of the corresponding i1, i2, and RPI

In the light of the above test scope, we propose to define a PMI test for the advanced CSI codebook. For the actual selection of the number of transmit antennas and their 2D layout, it is desirable to choose the configuration that allows the candidate beam directions for the second beam to uniformly cover the entire beam space around the main beam. From [Table 7.2.4-17A, 2], such 
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Accuracy of the reported i1/i2/RPI can be determined by the ratio of the throughput when following reported PMI/RPI to the throughput when following random PMI/RPI. For the choice of the random PMI, the test may randomize the entire PMI associated with both main beam and second beam, or only randomize i1,3 for the second beam direction while keep following reported i1,1 and i1,2 for the main beam. However, in the former approach, the large throughput difference between the random and reported main beam direction may make it difficult to properly distinguish the additional gain from the UE’s correct CSI feedback for the second beam. Therefore, given that the main scope of the advanced PMI test is to verify UE implementation for the second beam selection, we propose to adopt the latter approach, and only randomize i1,3, i2, and RPI.
In order to properly verify UE performance, we propose that the underlying MIMO channel for the PMI test should consists of two dominant beam directions instead of one, and the beam steering and its phase variation across subframes should be performed independently for each beam direction. Furthermore, the step size of phase variation should be different between the two beam directions in order to ensure that the relative beam distance between the two beams changes over time. Suppose random channel matrices H1 and H2, independently sampled from the identical distribution specified by the channel spatial correlation matrix 
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. Then, following the same approach as in the MIMO channel with the two-dimensional cross-polarized antenna at eNB [B.2.3 B, 3], the overall MIMO signal model for k-th subframe in the presence of two dominant beam direction can be given by
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where the individual two-dimensional beam steering matrix 
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 for the main and second beam randomly starts with the respective random initial phase drawn from the uniform distribution, and advances indepedently with the respective phase variation step size of 
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Proposal 1. To define a rank-2 single PMI test with the aperiodic CSI reporting for advanced CSI, based on Class A codebook for which the second beam candidate set uniformly covers the entire beam space around the main beam, e.g., 16 CSI-RS ports with 
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 as shown in Table 1. 
Proposal 2. For the PMI test, to randomize only {i1,3, i2, RPI}, and keep following reported i1,1 and i1,2 for the purpose of measuring the UE throughput when following random PMI.
Table 1 PMI test for advanced CSI codebook for dual-layer (FDD)

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EPA5

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

	Correlation and antenna configuration
	
	High 2D XP

16(2,4,2) x 2



	Number of dominant beam direction
	
	2

	Second to main beam       power ratio 
	
	0.5

	Advanced CSI codebook
	
	TRUE

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

15,…,30

	Beamforming model
	
	Annex B.4.3

	CDM Type
	
	CDM4

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

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

	eMIMO-Type
	
	Class A

	codebookConfig-N1
	
	4

	codebookConfig-N2
	
	2

	codebook-Over-Sampling-RateConfig-O1
	
	8, Note 6

	codebook-Over-Sampling-RateConfig-O2
	
	4, Note 6

	Codebook-Config
	
	Note 5, Note 6

	codebookSubsetRestriction
	
	TBD

	 Downlink power allocation
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 3-1

	Reporting interval
	ms
	5

	 PMI delay (Note 2)
	ms
	8

	Measurement channel
	
	R.78 FDD

	Rank Number of PDSCH
	
	2

	OCNG Pattern
	
	OP.1 FDD

	Max number of HARQ transmissions
	
	4

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

	Note 1:
For random precoder selection, the precoder shall be updated in each TTI (1 ms granularity).

Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).

Note 3:
PDSCH _RA= 0 dB, PDSCH_RB= 0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver.

Note 4:
Randomization of the principle beam direction shall be used as specified in B.2.3B.4.

Note 5:
Value of parameter codebookConfig shall be random selected one value from UE supported codebook configurations.
Note 6:     For advanced CSI codebook, these values configured by RRC are not used in UE CSI feedback calculation


Proposal 3. For the PMI test of the advanced CSI, the MIMO channel should consist of one main beam direction and another second beam direction of the reduced power, where beam steering should be applied independently on each beam direction with different initial phase and phase variation rate.
4. Conclusions

In this contribution, we reviewed the advanced CSI design introduced in Rel.14 eFD-MIMO and proposed test case framework to verify the corresponding UE’s functionality.
Proposal 1. To define a rank-2 single PMI test with the aperiodic CSI reporting for advanced CSI, based on Class A codebook for which the second beam candidate set uniformly covers the entire beam space around the main beam, e.g., 16 CSI-RS ports with 
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 as shown in Table 1. 

Proposal 2. For the PMI test, to randomize only {i1,3, i2, RPI}, and keep following reported i1,1 and i1,2 for the purpose of measuring the UE throughput when following random PMI.
Proposal 3. For the PMI test of the advanced CSI, the MIMO channel should consist of one main beam direction and another second beam direction of the reduced power, where beam steering should be applied independently on each beam direction with different initial phase and phase variation rate.
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