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1 Introduction
In San Francisco (#60) meeting, some feedback framework [1] for LTE-A was agreed. A precoder for a subband is composed of two matrices belonging to separate codebooks (that may or may not change over time and/or different subbands). One matrix targets wideband and/or long-term channel properties while the other matrix targets frequency-selective and/or short-term channel properties. 
While some codebooks have been designed in LTE Rel. 8 for 2Tx and 4Tx antenna cases, the 8Tx codebook design is an open issue in LTE-A. Discussions related to 8Tx codebook have been initiated some time ago and many companies have proposed some preliminary designs [2-8]. It has to be noted that the 8Tx codebook design should from now on account for the agreement on feedback framework.
During San Francisco (#60) meeting and on the email reflector, simulation assumptions for the evaluation of 8Tx codebook have been initiated. 
In this contribution, we provide an updated 8Tx codebook and compare performance of the proposed codebook with other designs based on the simulation assumptions currently discussed on the reflector.

Our general view on the feedback framework and how to integrate the 8Tx codebook into that framework is discussed in a companion contribution [9].
2 8 Tx Codebook Design for LTE-A System
2.1 Performance Metrics Related to Codebook Optimization
There are several important performance metrics that we used in designing the codebooks presented in this contribution.
For uncorrelated channels, Chordal distance is known to be an important performance measure. Te be specific, the performance of the codebook is governed by the minimum chordal distance between the codewords in the codebook, which is represented by 
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where 
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is the codebook, 
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is the ith codeword of the codebook. 
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stands for the chordal distance between the two codewords. Therefore, one of the design objectives is to maximize 
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 for uncorrelated channels. This objective can be represented in the following equation:
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For correlated channels, the performance of the codebook is partly reflected in the null-direction gain of the codebook projected to the array antennas subspace, which can be expressed as
The array manifold/array response of a codebook is defined as
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where 
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is a codeword of the codebook 
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is the transmit array response, give by
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And 
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 is antenna gain.
Therefore, a  second design objective is to maximize 
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 for the codebook. This objective can be represented in the following equation:
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For dual-polarized channels, the performance of the codebook depends on the presence of a (rotated) block diagonal structure in the codewords. Such block diagonal structure enables to perform beamforming while efficiently spreading the transmit power among polarizations. Such structure was shown to provide benefits in 4Tx LTE codebook [10]. An example of a rotated block diagonal codewords is expressed as follows
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where, in 4 Tx case, 
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An example in 4Tx LTE codebook is given by
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.
When designing the codebook for 8 Tx antenna systems, the performance measures should be taken into account.

Some further criteria to account while designing the codebook is the constant modulus property to equally use the PA resources, the nested property to reduce the complexity of CQI calculation and to ease rank overriding and a reduced codebook alphabet (e.g. 8PSK) to reduce the complexity of CQI calculation.

2.2 Codebook optimization for Rank 1 to Rank 4
Given the constraints on packing the antennas in a limited volume, dual-polarized and single-polarized antenna arrays with small antenna spacing are considered as practical deployment scenarios. Hence the 8 Tx codebook can be designed and optimized given that 8Tx deployments mainly target closely spaced dual and single-polarized antennas arrays. To that end, the matching to the antenna array subspace can be improved while designing the codebook in order to obtain better performance in closely spaced ULA configurations. Moreover the number of block diagonal precoders can be increased in order to better match with dual-polarized channels. The proposed codebook is nested for rank 1 up to 4, constant modulus and based on 8PSK alphabet. It has to be noted that the codebook hereunder is slightly different than the optimized codebook originally presented in [7]. Rank 2 to rank 4 have been modified in order to further optimize the PMI distribution in dual-polarized channels [8].
First, define q1, q2, q3, q4 as below.
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Then we can define two matrices ,V1 and V2, as follows
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The codebook up to rank 4 can be described based on the following table. A given precoder is obtained by column subset of V1 and V2 matrices.
	Codebook Matrix Index
	Base Matrix
	Rank1
	Rank2
	Rank3
	Rank4

	1
	V1
	1
	1  5
	1  5  4
	1 5 4 8

	2
	
	2
	2  6
	2  6  1
	2 6 1 5

	3
	
	4
	4  8
	4  8  1
	4 8 1 2

	4
	
	6
	6  10
	6  10  7
	6 10 7 9

	5
	
	8
	8  11
	8  11  7
	8 11 7 12

	6
	
	10
	10  14
	10  14  13
	10 14 13 9

	7
	
	11
	11  15
	11  15  16
	11 15 16 12

	8
	
	12
	12  16
	12  16  15
	12 16 15 13

	9
	
	13
	13  9
	13  9  12
	13 9 12 16

	10
	
	14
	14  3
	14  3  2
	14 3 2 13

	11
	
	15
	15  3
	15  3  4
	15 3 4 16

	12
	
	16
	16  9
	16  9  13
	16 9 13 15

	13
	V2
	1
	1  8
	1  8  7
	1 8 7 2

	14
	
	2
	2  3
	2  3  4
	2 3 4 1

	15
	
	7
	7  6
	7  6  5
	7 6 5 8

	16
	
	8
	8  5
	8  5  6
	8 5 6 4


3 System Level Performance evaluation
In this section, we evaluate using system level simulation the performance of various codebooks in SU-MIMO configurations. Simulation assumptions are provided in the Appendix and are inline with the simulation assumptions discussed on the email reflector.
8x2 SU-MIMO in +/-45 dual-polarized channels (XXXX -> X) (0.5 λand 15ºangle spread)
	CL SU-MIMO
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Samsung (new rank 2 to 4 from section 2.2)
	3.0873
	0.1098

	Motorola XPOL codebook [4]
	3.0684
	0.1083

	ZTE codebook [2]
	3.05
	0.1074

	Huawei codebook [6]
	3.0763
	0.1104

	LGE codebook [5]
	2.9734
	0.1008


4 Conclusion

In this contribution, we propose an updated design for Samsung codebook and show that it outperforms other codebooks in SU-MIMO scenarios. Samsung codebook satisfies to the following constraints
· 4-bit codebook per rank

· Constant modulus

· Nested property

· 8PSK alphabet
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Appendix: System Level Simulation Parameters

	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per sector
	10

	Handover margin
	1dB

	Downlink transmission scheme
	8x2 SU-MIMO with rank adaptation 

	Downlink scheduler
	SU-MIMO: Proportional Fair scheduling in the frequency and time domain

	Downlink link adaptation

	wideband rank

	
	long term rank every 30ms

	
	CQI and PMI 5ms feedback period

	
	1 PMI and 1 CQI feedback per subband (=4 consecutive RBs)

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	CQI measurement error: None

	
	PMI feedback error: 0% error rate

	
	MCSs based on LTE transport formats [36.213]

	
	Unquantized CQI

	codebook
	8Tx 4bit codebook

	Allocation
	localized

	Total number of RB in one subframe
	52

	scheduling unit
	1 subband=4 consecutive RBs

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell 

	Data Channel Estimation
	Non-ideal channel estimation on CSI RS and DM RS

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	+/-45 polarized antennas at eNB and UE

	
	Co-localized dual-polarized antennas.
UE antenna orientation uniformly distributed within [-180°, 180°]

	
	0.5 wavelength separation at eNB (uniform linear array)

	
	ideal antenna calibration

	Control Channel overhead, Acknowledgements etc. 
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe, RANK 3,4: 24 REs/RB/subframe

	
	Overhead of CSI RS: 8 CSI RS ports every 5 ms and 1RE/port/RB (This is 8 REs/RB per 5ms)

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0dB

	Channel model
	SCM urban macro high spread for 3GPP case 1, 3km/h

	
	15 degrees angle spread

	Link error prediction technique
	MIESM (RBIR)

	Intercell interference modeling
	Random rank 2 transmission in interfering cells

	
	CQI calculated based on MMSE receiver assuming the identity matrix precoder for the interferers


� EMBED Equation.DSMT4  ���
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