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1. Introduction

Many codebooks have been proposed for 8TX antennas [1-11]. In parallel, codebook adaptation (CBA) to the long-term channel properties has been studied for enhancing the Rel8-type feedback, primarily targeting MU-MIMO. Most of the CBA studies have been focused on the MU-optimized scenario of ULA antennas and rank-1 transmissions.  Therefore, it will be helpful to understand if CBA provides performance gain for higher ranks and other antenna structures.
In this contribution we study CBA with closely-spaced 8TX ULA and XPOL antennas, for SU rank 1 & 2 and MU. We compare system performance with several of the proposed CB’s undergoing the well-known SCF-based adaptation (e.g. [12]). We highlight several implications of the different CB structures on the adaptive transformation operation. We also investigate several quantization schemes for the long-term SCF that needs to be fed-back from the UE to the eNB.
2. Evaluated Codebooks

We list in Table 1 several codebooks together with a brief description of their structure. A more elaborate description is given in [13]. The MOT2X and MRV2X CB’s are special in that the two columns in every rank-2 codeword can be interpreted as having the same spatial direction but different relative phase between the two polarizations.
	Company [ref]
	Nickname
	Rank
	Antenna Specialization
	Structure
	Size

	Motorola [7]
	MOT1
	1
	None
	Columns of DFT8 + staggered-DFT8
(nested in MOT2U)
	16

	Motorola [7]
	MOT2U
	2
	ULA
	Pairs from MOT1 
	16

	Motorola [7]
	MOT2X
	2
	XPOL
	DFT2 ( Rel8-4Tx-Rank1
(no nesting with MOT1)
	16

	Huawei [11]
	HUA1
	1
	XPOL
	Identical to MRV1X_1

(see below)
	16

	Huawei [11]
	HUA2
	2
	XPOL
	Mix
	16

	Samsung [4]
(codebook 2)
	SAM1
	1
	XPOL
	Mix
	16

	Samsung [4]
(codebook 2)
	SAM2
	2
	XPOL
	Mix
	16

	Marvell [13]
	MRV1X_1
	1
	XPOL
	CBPOL(CBULA

CBPOL = 2 columns of DFT2
CBULA = 8 columns of DFT4 and rot2-DFT4

(nested in MARV2X_1)
	16

	Marvell [13]
	MRV2X_0
	2
	XPOL
	CBPOL(CBULA

CBPOL = DFT2 (1 matrix)
CBULA = same as CBULA of MARV1X_0
	16


Table 1: List of candidate 8Tx (rank=1 and rank=2) codebooks 
3. Codebook Adaptation (CBA)
The adapted codebook is computed by
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Where 
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 is the base-codebook and R is the long-term spatial channel transmit covariance. The “norm” operation indicates the normalization of the codeword entries to a unit norm.

For rank 2 , the “norm” operation includes a Gram-Schmidt orthogonalization so that the precoders columns are orthogonal.  This operation reduces the interstream interference and therefore improves performance.
For XPOL it is expected that the correlation between the cross-polarized antenna-elements is small relative to the co-polarized elements. Hence a reasonable model for the adapting R in this case is a block-diagonal matrix, or even a simpler structure of a Kronecker product between a 4x4 matrix, representing the co-polarization covariance, and a 2x2 identity matrix. Denoting by 
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 the long-term SCF,
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Note that if the base codewords are structured as a Kronecker product of POL and ULA sub-codebooks, i.e.
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The adaptation can proceed by adapting only the co-polarized (ULA) sub-codeword
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And the adapted codebook is then given by
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This reduces the transformation complexity in two ways. First, the vectors to be adapted are 4x1 instead of 8x1. Second, as explained in section 2, if 
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 is a 2x2 unitary matrix (as is the case in in MOT2X and MRV2X codebooks) then the two columns remain orthogonal after the adaptation and there is no need for Gram-Schmidt orthogonalization.
4. System Simulation Results
All results correspond to 8x2, 0.5λ antenna spacing. The quoted values are in units of bps/Hz, and the value pairs ( val1 | val2 ) refer to cell-average and 5% cell-edge. Rank=r refers to forcing the transmission to all UEs to rank r (= 1 or 2), while RA refers to results where rank adaptation was enabled (based on the Rank Indicator reported by the UEs).  

The adapting R is quantized to 8 bits as described in section ‎5.
Tables 2-3 show performance with and without CB adaptation. Gains are observed both for SU rank2 and XPOL antennas.

	ULA, MRVCB 

	Base CB
Av/5% [bits/s/Hz]
	CBA   (8 bits R)
Av/5% [bits/s/Hz]

	SU rank = 1  (MRV1X_1)
	2.34/0.104
	2.40/0.108

	SU rank = 2  (MRV2X_0)
	2.15/0.053
	2.30/0.062

	SU RA         (MRV)
	2.64/0.102
	2.73/0.105

	MU               (MRV1X_1)
	3.05/0.121
	3.37/0.134


	XPOL, MRVCB 

	Base CB
Av/5% [bits/s/Hz]
	CBA   (8 bits R)
Av/5% [bits/s/Hz]

	SU rank = 1  (MRV1X_1)
	2.24/0.091
	2.25/0.091

	SU rank = 2  (MRV2X_0)
	3.00/0.074
	3.02/0.075

	SU RA         (MRV)
	3.03/0.087
	3.05/0.090

	MU               (MRV1X_1)
	3.10/0.115
	3.23/0.121


Tables 2-3

Different codebooks are compared in Tables 4-7, referring to ULA, XPOL, SU and MU scenarios.
	ULA, SU RA
	Base CB
Av/5% [bits/s/Hz]
	CBA   (8 bits R)
Av/5% [bits/s/Hz]

	MRV1X_1+ MRV2X_0
	2.64/0.102
	2.73/0.105

	Hua1+Hua2
	2.63/0.101
	2.74/0.106

	SAM1+SAM2
	2.70/0.103
	2.76/0.108

	MOT1+MOT2U
	2.70/0.106
	2.75/0.108


	XPOL, SU RA
	Base CB
Av/5% [bits/s/Hz]
	CBA   (8 bits R)
Av/5% [bits/s/Hz]

	MRV1X_1+ MRV2X_0
	3.03/0.087
	3.06/0.089

	Hua1+Hua2
	3.01/0.087
	3.06/0.089

	SAM1+SAM2
	2.98/0.086 
	3.05/0.090

	MOT1+MOT2X
	3.00/0.084 
	3.06/0.087


	ULA, MU
	Base CB
Av/5% [bits/s/Hz]
	CBA   (8 bits R)
Av/5% [bits/s/Hz]

	MRV1X_1
	3.05/0.121
	3.37/0.134

	Hua1 (=MRV1X_1)
	3.05/0.121
	3.37/0.134

	SAM1
	3.25/0.130
	3.45/0.141

	MOT1
	3.31/0.135
	3.37/0.140


	XPOL, MU
	Base CB
Av/5% [bits/s/Hz]
	CBA   (8 bits R)
Av/5% [bits/s/Hz]

	MRV1X_1
	3.10/0.115
	3.23/0.121

	Hua1 (=MRV1X_1)
	3.10/0.115
	3.23/0.121

	SAM1
	3.05/0.114
	3.23/0.121

	MOT1
	2.87/0.107
	3.21/0.117


Tables 4-7
5. Quantizing the Covariance Matrix.

We have tested the effect of quantizing the covariance matrix (which needs to be fed back for CB adaptation) in the XPOL antenna case. The covariance matrix is modelled as a Kronecker product of a 2x2 XPOL covariance by a 4x4 ULA covariance matrix (Eq. (2)). The ULA covariance matrix compression and quantization follows the method  in [14], where it is shown that in correlated environments one complex coefficient is sufficient to represent the covariance matrix. Results are shown in Table 8. Weighting the trade off between performance and the number of feedback bits we prefer modelling RXPOL as an identity matrix and allocating 8 bits for RULA.
	“R” Quantization 
MRV CB, XPOL, MU
	Avg/5% UE edge thput
(bits/s/Hz)

	CB
	3.10/0.115

	CBA, perfect R
	3.31/0.128

	CBA, 16 bits R 
RXPOL = [1 β; β* α]; 
RXPOL 10 bits, RULA 6 bits 
	3.24/0.122

	CBA, 12 bits R 
RXPOL = [1 β; β* 1]; 
RXPOL 6 bits, RULA 6 bits 
	3.21/0.121

	CBA, 10 bits R 
RXPOL = [1 0;0 α]; 
RXPOL 4 bits, RULA 6 bits 
	3.22/0.121

	CBA, 8 bits R 
RXPOL = I2, RULA 8 bits
	3.23/0.121

	CBA, 6 bits R 
RXPOL = I2, RULA 6 bits
	3.20/0.120


Table8: Results with various bit allocations for the covariance matrix. 
6. Conclusions
· All scenarios benefit from CBA with as little as 8-bit quantization of the R feedback.
· No significant difference between different CB’s after adaptation.

· For XPOL, Kronecker-product CB’s are adapted with a lower computational complexity.
7. References

[1] R1-084172, Samsung, “Codebook based Precoding for 8 Tx Transmission in LTE-A”, 3GPP TSG RAN WG1 Meeting #55, Prague, Czech Republic, 10 – 14 November, 2008 

[2] R1-903888, Marvell, “Precoding options for 8Tx antennas in LTE-A DL”, 3GPP TSG RAN WG1 Meeting #55bis, Ljubljana, Slovenia, 12 – 16 January, 2009

[3] R1-901281, Huawei, “DL MIMO Codebook”, 3GPP TSG RAN WG1 Meeting #56bis, Seoul, Republic of Korea, 23 – 27 March, 2009

[4] R1-100119, Samsung, “8Tx Codebook Design for Channel Feedback in support of DL SU-MIMO in LTE-A”, 3GPP TSG RAN WG1 Meeting #59bis, Valencia, Spain, 18 – 22 January, 2010
[5] R1-092183, ZTE, “DL Codebook Design for 8 Tx MIMO in LTE-A”, 3GPP TSG RAN WG1 Meeting #57, San Francisco, USA, 4 – 8 May, 2009 

[6] R1-094752, ZTE, “DL Codebook Design for 8 Tx MIMO in LTE-A”, 3GPP TSG RAN WG1 Meeting #59, Jeju, Korea, 9 – 13 November, 2009 

[7] R1-904686 , Motorola, “Codebook for 8Tx DL SU-MIMO for LTE-A”, 3GPP TSG RAN WG1 Meeting #59, Jeju, Korea, 9 – 13 November 2009

[8] R1-094766, Texas Instruments, “Codebook-Based Feedback Issues on 8Tx Downlink MIMO”, 3GPP TSG RAN WG1 Meeting #59, Jeju, Korea, 9 – 13 November, 2009 

[9] R1-094789, LG Electronics, “DL Codebook design for 8Tx precoding”, 3GPP TSG RAN WG1 Meeting #59, Jeju, Korea, 9 – 13 November, 2009 

[10] R1-094790, LG Electronics, “Evaluation for 8Tx CL-MIMO”, 3GPP TSG RAN WG1 Meeting #59, Jeju, Korea, 9 – 13 November, 2009 
[11] R1-100256, Huawei, “Downlink 8TX codebook considerations”, 3GPP TSG RAN WG1 Meeting #59bis, Valencia, Spain, 18 – 22 January, 2010
[12] R1-091282, Huawei, “Adaptive codebook designs for MU-MIMO”
[13] R1-100083, Marvell, “Precoding Codebooks for 8TX”, 3GPP TSG RAN WG1 Meeting #59bis, Valencia, Spain, 18 – 22 January, 2010 
[14] R1-101790, Marvell, “Covariance Compression for Codebook Adaptation”, this meeting.
8. Appendix: simulation assumptions

SU-MIMO transmission follows Rel8, i.e. the eNB follows the UE PMI/CQI recommendation. Simulation parameters are listed in the following table. 

	Parameter
	Assumption

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

	Number of users per cell
	10

	Scenario
	ITU-UMI

	Operating bandwidth (BW)
	10 MHz

	Antennas Configurations
	(1) 8TX Cross-Polarized, each polarization  consisting of 4 elements separated by λ/2;
2RX, cross polarized
(2) 8TX ULA, λ/2; 
2RX, λ/2

	Channel model
	ITU Spatial Channel Model, Urban Micro, 

5Hz doppler

	Network layout
	ITU UMI

	Traffic model
	Full buffer

	Total BS TX power (Ptotal)
	43dBm (1.25MHz),  46dBm (10MHz)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Scheduler
	Proportional Fair

	Measurement Delay
	5ms

	Feedback Granularity
	subband (SB = 5 RB’s)

	Feedback reporting interval 
	5ms for PMI/CQI, 100ms for R

	CQI/PMI/RI transmission errors
	Perfect , CQI measurement error, N(0,1dB)  per SB

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

	Scheduling  granularity
	Per SB

	HARQ Delay
	6ms

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

	Channel Estimation
	Ideal 

	Receiver Configuration
	MMSE

	Overhead
	30.3 %
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