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1. Introduction

Codebook adaptation based on channel correlation is well known to improve CSI accuracy for efficient MU-MIMO operation [1-8].  While the performance advantages of adaptive codebooks are well known, the overhead required for efficient adaptation of the codebook has been high in the previously proposed schemes. The precoder in codebook adaptation is constructed based on the product W1W2 where W1 is long-term/wideband and W2 is the short-term/subband component.  The previous design proposals had for example 6 bits for W1 and 4 bits for W2, and were mostly targeting PUCCH where W2 is wideband PMI and W1 is a long-term component. This does not compare favourably with sub-band PMI feedback on PUSCH, where other proposals operate with down to 4-bit W1 and 2-bit W2. In this work we provide codebooks for W1 and W2 for 4 Tx and 8 Tx in the context of codebook adaptation for PUSCH. 

2. Recommended Codebook Structure for W1 and W2:

Our proposed codebook design is based on W=W1W2 where W1 captures the long term covariance properties. The design for W1 is optimized taking into account both copolarized and cross polarized antenna configurations so that the codebook is universal.  Specifically, a part of the codebook is tailored for copolarized configuration while the rest is optimized for cross polarized configuration. For the copolarized configurations, the covariance matrix R can be closely approximated with a single correlation parameter 
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 with the following structure:
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For the case of cross polarized antennas, the covariance can be approximated as
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where 
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 represents Kronecker product, and 
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. the correlation matrix between antennas of different polarizations is given by 
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. Typically this matrix is an identity matrix (In this contribution, we set
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). The ULA covariance matrix in (2) is of size 
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is the number of transmit antennas.  The codebook for W1 is constructed based on these two structures. Thus, the codebook entries are essentially parameterized by the complex quantities
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which are then individually quantized into magnitude and phase components. In the next section, we provide the codebooks for rank 1 and rank 2. For higher ranks, we set W1=I.

2.1. Codebooks for 4 Tx:

W1 Codebook:

A B-bit codebook for W1 is defined as in the following:
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Let 
[image: image19.wmf]U

C

and 
[image: image20.wmf]X

C

be the set of matrices corresponding to the ULA and XPOL structures respectively. 

W2 Codebook:

For rank 1, a 2 bit codebook for W2 is defined as given below:
· If 
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where 
[image: image24.wmf][

]

T

j

j

j

e

e

e

v

q

q

q

q

3

2

1

)

(

=

 and P is a parameter to control the correlation between the vectors.
· If 
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Alternatively, 
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 can consist of the columns of an identity matrix (or an FFT matrix) of size 4.  Following is another option for W2:
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     n=1,2,3,4

For rank 2, a 1 bit codebook for W2 is defined as given below:
· If 
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, W2 is selected from the set 
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· If 
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It must be noted that there is a possibility of W2 being in the null space of W1. This problem can be easily removed by replacing 
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is a random 2x1 matrix.

3. Codebook Properties

3.1. Explicit Normalization

The final precoder W1W2 after the selection of W1 and W2 should be normalized to satisfy the transmitter power constraint. For rank 2, it may also be necessary to orthogonalize the columns. For W1 in the sub-codebook 
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, there is no need for precoder normalization. For rank 2, there is no need for column orthogonalization as well in this case. However, the normalization operations are required when 
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. It is noted that the constant modulo property is not satisfied when 
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. However, we have shown in [7] that constraining the adapted codebook to be constant modulo results in negligible performance loss.
3.2. GOB as a special case of adaptive codebook

Notice that when 
[image: image42.wmf]X

C

W

Î

1

, the resulting W1W2 precoder has the same structure of GOB. This is because when 
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3.1

where 
[image: image46.wmf]v

 is a 2x1 DFT vector.

3.3. Deriving wideband PMI from W1

Though it is not straightforward to derive wideband PMI from W1, it can be noticed that the wideband PMI can be obtained from the precoder W1W2 with fixed W2, as in the following
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3.2

The wideband CQI can be computed based on the above definitions of wideband PMI.
3.4. PMI versus CSI 

Although the physical meaning of W1 may represent the channel covariance matrix, W1 can be strictly considered to be a codebook entry that maximizes CQI. Therefore there is no issue related to the covariance averaging period and other issues related to quantizing channel state information. In this contribution, W1 is determined based on the usual PMI/CQI definition.

4. 4 Tx Performance Evaluation
In the following, we provide simulation results for MU-MIMO where the performance of the proposed W1W2 scheme is compared with other feedback schemes. This includes Ericsson’s GOB[9], Samsung’s W2W1 [8] and Marvell’s Joint ULA XPOL codebook [10].

	4x2 ULA 0.5Lambda  
	Low Spread
	High Spread

	HH: 4 bits SB-PMI
	3.34/0.149
	3.12/0.126

	Samsung (4,2)
	3.72/0.159
	3.30/0.134

	Ericsson GOB (3,2)
	3.38/0.150
	3.06/0.127

	Marvell UXCB(4,2)
	3.71/0.157
	3.28/0.134

	Marvell RCB (4,2)
	3.56/0.159
	3.21/0.136


Table 1

	4x2 XPOL 0.5Lambda
	Low Spread
	High Spread

	HH: 4 bits SB-PMI
	2.64/0.11
	2.38/0.092

	Samsung (4,2)
	2.72/0.114
	2.37/0.092

	Ericsson GOB (3,2)
	2.89/0.118
	2.71/0.111

	Marvell UXCB(4,2)
	2.89/0.118
	2.71/0.112

	Marvell RCB (4,2)
	2.88/0.117
	2.71/0.111


Table 2

	4x2 XPOL 4Lambda
	Low Spread
	High Spread

	HH: 4 bits SB-PMI
	2.38/0.092
	2.26/0.089

	Samsung (4,2)
	2.37/0.092
	2.24/0.089

	Ericsson GOB (3,2)
	2.43/0.095
	2.30/0.091

	Marvell UXCB(4,2)
	2.44/0.095
	2.30/0.091

	Marvell RCB (4,2)
	2.43/0.094
	2.30/0.091


Table 3

Observations:

The RCB(4,2) performs as well as GOB(3,2) and UXCB(4,2) in all the XPOL configurations. This is expected since the codeword most likely to be chosen for XPOL configuration are similar in the three codebooks. For the case of ULA, RCB(4,2) is better than GOB(3,2). However, Samsung (4,2) and UXCB(4,2) perform better than RCB(4,2) in low angular spread. This is due to the fact that W2 is unable to improve the DFT resolution of W1 at the subband level.  UXCB (4, 2) is the only scheme that provides optimal performance in all the scenarios. 

5. 8 Tx Codebook

We directly extend the 4Tx design to 8Tx.  A B bit codebook for W1 is provided below:
W1 Codebook
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Let 
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and 
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be the set of matrices corresponding to the ULA and XPOL structures respectively. 

W2 Codebook:
If 
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· If 
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· If 
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where P is a design parameter that can be optimized. The design criterion is to generate W2 such that the W1W2 precoders are optimally correlated for fixed W1.
6. Conclusions

In this contribution, we provided low overhead codebooks for W1 and W2 to implement adaptive codebook in 4Tx and 8Tx. We show that adaptive codebook based on W1W2 can be efficiently implemented. Results demonstrate the effectiveness of adaptive codebook for PUSCH with limited number of bits.  
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8. Appendix: 
8.1. Simulation Assumpons

	Parameter
	Assumption

	Antenna Configuration
	4 Tx and 8 Tx eNB 0. 5 lambda, ULA and XPOL

4 Tx, 4 lambda, XPOL
2-Rx UE 0.5 lambda, ULA and XPOL

	Channel Model
	3GPP case1,  3D , SCM-UMa with low and high spread

	Traffic Model
	Full Buffer

	Duplex method 
	FDD 10MHz

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

	Number of users 
	10 (on average)

	UE Feedback
	PMI/CQI 

	Feedback Granularity
	1 CQI/PMI report for 5 PRBs, (Wideband W1 and Subband W2) 

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	Scheduler Type
	Proportional fair

	MU-MIMO Precoder
	Zeroforcing

	MU-MIMO UE Pairing
	Chordal distance of 1.8 

	Rank-adaptation
	1-layer beamforming per UE, 2 UEs in MU-MIMO

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Inter-cell interference modelling
	4 strongest interfering cells are explicitly modelled.

	Receiver Configuration
	Ideal MMSE  (Perfect intercell and intracell interference knowledge)

	Overhead
	30.3 % (Agreed overhead assumption for performance evaluation for ITU submission (LTEA MIMO/CoMP, L=3 control symbols))
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