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1. Introduction
It has been agreed that downlink spatial multiplexing of up to eight layers is supported by LTE-A. The baseline for feedback in support of downlink single-cell single-user spatial multiplexing is codebook-based precoding feedback [1]. Though the general guidelines for 8Tx codebook design and some codebook design methods have been presented in several contributions [2]-[6], there were limited consensus on codebook design. Therefore, codebook design for 8Tx downlink MIMO in LTE-A should be further investigated.
In this contribution, a new 8Tx codebook with double-level structure is introduced, which is unitary, 8PSK alphabet, nested, constant modulus and can enable high efficient computation in PMI selection. Its performance is evaluated under various settings through link level and system level simulation. The simulation results show that the new codebook outperforms other counterparts under the prevalent closely spaced dual polarization antenna configuration both for SU and MU-MIMO.
2. Principles for codebook design
As discussed in previous meetings, a good codebook shall comply with as many as the following design guidelines:
· Tradeoff between performance and feedback overhead should be considered. The size of 16 elements per rank is recommended as a starting point by some companies [2]

 REF _Ref249192764 \n \h 
[7].
· Properties of Rel-8 codebook such as unitary, a finite alphabet, nested and constant modulus should be inherited as many as possible. A specific structure leading to efficient computation is desired.
· It should provide good support for MU-MIMO transmission.
Moreover, the codebook should be designed to perform reasonably well in prevalent channel conditions and antenna configurations. Nevertheless, acceptable performance should be achieved under any particular deployment scenarios.
Due to the practical size of the physical antenna system, closely spaced dual polarization (DP) antenna configuration is most likely to be used in practical deployment. Hence, we focus on this configuration in codebook design, while other deployment scenarios are also considered.
2.1. Uniform linear array
Closely spaced antenna array and relatively poor scattering around BS leads to high spatially correlated channels. For correlated channels of uniform linear array (ULA), the principal eigenvector can be well approximated by array antenna response vector
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where 
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N

 is the number of transmit antennas, 
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 is the distance between adjacent antennas, 
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 is the wavelength, and 
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 is the dominating angle of departure (AoD). It is well known that DFT vectors can well match the above response vector. Therefore, DFT-based codebook construction is suitable for correlated channels. 
2.2. Dual polarization antenna configuration
The channel of dual polarized antenna is modeled as [8]
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 is the uniformly distributed phase offset between the x component of BS element and the y component of mobile station (MS) element. 
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 is the antenna complex response for the x component, which depends on the polarization angle 
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of BS antenna or the polarization angle 
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of MS antenna. Here, the polarization angle is defined as direction of antenna polarization with respect to z-axis. Other variables and parameters can be found in [8]. It is worthy noting that angle 
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is constant while angle 
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 is variable, since MS may be of any position.

Closely spaced DP antenna array can be considered as two groups of ULA. Each ULA generates highly correlated channels, while the channels between these two groups are low correlated. To take advantage of such structure, we propose to construct the codebook with two levels: base-codebook to describe the correlated parts, and transform-codebook to characterize the uncorrelated parts.
3. Codebooks for 8Tx DL MIMO
Due to the non-uniform correlation profile of DP array, the codebook performance for DP antenna configuration may be remarkably affected by the antenna element indexing. In this contribution, we assume the antenna indexing illustrated in Figure 1.
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Figure 1: DP antenna indexing
3.1. 8Tx codebook construction
Based on the discussion in section 2, a new 8Tx codebook with double-level structure is proposed for LTE-A systems. 
Firstly, we define 8 vectors and 8 matrices for 8Tx codebook design in Table A1 and Table A2, respectively. These matrices will be used to form base-codebook. Therefore, they are respectively named as base-vectors and base-matrices. While 4 matrices named as transform-matrices are given in Table A3 to form transform-codebook.
Based on base-matrices and transform-matrices, the 8Tx codebook for rank 
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 is constructed as below:
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 pre-code in rank 
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 codebook. And the 8Tx codebooks are presented in Table A4 and Table A5.
Here, 
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 composes transform-codebook for rank 
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. The codebook size equals the product of cardinality of base-codebook and transform-codebook. 
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where the dimension of
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 denotes Kronecker tensor product.
A selected pre-code from the 8Tx codebook consists of base-codebook part and transform-codebook part. The base-codebook part corresponds to AoD of MS. It targets wideband and/or long-term channel properties. While the transform-codebook part describes the relationship between two groups of correlated channels, which is frequency-selective and/or short-term channel properties. 
3.2. Features of proposed codebook

Some salient features of the above construction are summarized below.
· Double-level structure: The codebook is constructed by a base-codebook and a transform-codebook. This construction matches the dual polarized high correlated channels. 
· Inheriting properties of Rel-8 codebook: It is unitary, derived from 8PSK alphabet, nested and constant modulus.
· Potential to high efficient PMI selection: The columns of base-codebook are the first half of Rel-8 rank 1 codebook, which can form two 4x4 unitary matrices. One of them is a DFT matrix, and the other is DFT matrix multiplied by a diagonal matrix on the left. This feature can remarkably reduce computational complexity in PMI selection.
4. Performance evaluation

In this section, we compare the proposed codebook with other existing codebooks by evaluating the performance of both SU and MU-MIMO transmission. Rel-8 type PMI and CQI feedback is used. Link level and system level simulations are conducted for SU-MIMO and MU-MIMO, respectively. The evaluated codebooks include:
· The proposed codebook
· ZTE codebook in [3] 
· Motorola codebook in [6]
· Samsung codebook in [4]
· Huawei codebook in [10] 
· LG codebook in [11]
It should be noticed that rank 1 codebook of Huawei is totally the same with the proposed codebook.
4.1. Link level simulation

Performance of rank 1-4 SU-MIMO transmission under DP antenna settings is given in Figure 2-Figure 5. It can be seen from the figures that, the proposed codebooks has the best performance among all counterparts under DP antenna setting
Figure 6 and Figure 7 show the performance under ULA settings. From Figure 6, we can see that, the proposed 4-bit codebook provides similar performance to ZTE, Samsung and LG codebooks, while the performance of 5-bit codebook is close to that of Motorola codebook. In Figure 7, the proposed 5-bit codebook has the best performance for ULA rank 2 transmission, and the proposed 4-bit codebook shows better performance than ZTE, Samsung, Huawei, and LG codebooks, only slightly worse than Motorola codebook. 
It should be pointed out that there are two Motorola rank 2 codebooks separately designed for ULA and DP configurations. ZTE rank 1 codebooks are also separately designed for ULA and DP configurations.
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Figure 2：Performance of SU-MIMO rank 1 transmission under DP antenna configuration
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Figure 3: Performance of SU-MIMO rank 2 transmission under DP antenna configuration
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Figure 4: Performance of SU-MIMO rank 3 transmission under DP antenna configuration
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Figure 5: Performance of SU-MIMO rank 4 transmission under DP antenna configuration
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Figure 6: Performance of SU-MIMO rank 1 transmission under ULA antenna configuration
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Figure 7: Performance of SU-MIMO rank 2 transmission under ULA antenna configuration

4.2. System level simulation
Performance of MU-MIMO transmission using different codebooks is provided in Table 1 and Table 2. Single layer transmission is assumed. Maximum 2 UEs are scheduled on the same time/frequency resource. CQI used in UE pairing and MCS selection is calculated according to the algorithm presented in [9]. Performance of Samsung codebook is taken as the reference. From Table 1, we can see that the proposed codebook outperforms all the other codebooks under DP antenna configuration. Results in Table 2 show that, even under ULA configuration, the proposed 4-bit codebook has better performance than Samsung and ZTE codebooks.
Table 1: Performance of MU-MIMO under DP antenna configuration
	Codebook
	Cell average SE (bits/s/Hz)
	Gain
	5% Cell edge SE (bits/s/Hz/user)
	Gain

	Samsung
	2.171
	0%
	0.0413
	0%

	ZTE
	2.173
	0.1%
	0.0259
	-37.3%

	Motorola
	2.357
	8.6%
	0.0470
	13.7%

	LG
	2.369
	9.1%
	0.0473
	14.5%

	CATT 4-bit (Huawei)
	2.503
	15.3%
	0.0502
	21.5%

	CATT 5-bit
	2.537
	16.9%
	0.0504
	22.2%


Table 2: Performance of MU-MIMO under ULA antenna configuration
	Codebook
	Cell average SE (bits/s/Hz)
	Gain
	5% Cell edge SE (bits/s/Hz/user)
	Gain

	Samsung
	2.518
	0%
	0.0620
	0%

	ZTE
	2.622
	4.1%
	0.0649
	4.7%

	Motorola
	2.801
	11.2%
	0.0715
	15.4%

	LG
	2.676
	6.3%
	0.0664
	7.1%

	CATT 4-bit (Huawei)
	2.650
	5.2%
	0.0657
	6.0%

	CATT 5-bit
	2.737
	8.7%
	0.0707
	14.1%


5. Conclusions
In this contribution, a new 8Tx codebook design approach is proposed. It has the following advantages:
1. Outstanding features of codebook construction
· Double-level structure matches the dual polarized high correlation channels.

· Properties of Rel-8 codebook, including unitary, 8PSK alphabet, nested and constant modulus, are well inherited.
· DFT vector-based structure enables high efficient computation in PMI selection.
2. Superior overall performance

· Best performance for both SU and MU-MIMO transmission under the prevalent DP antenna configuration.
· Good performance under ULA configuration.
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7. Appendix A
Table A1 Definition of base-vectors
	Index
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Table A2 Definition of base-matrices
	Index
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Table A3 Definition of transform-matrices
	Index
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Table A4 CATT 4-bit codebook
	Index
	Rank 1
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8. Appendix B

Table B1: Link level simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	10MHz

	Data transmission BW
	6RBs

	Channel model
	  Urban Macro

	Fading speed
	3km/h

	Antenna configuration
	8x2 for rank 1-2, 8x4 for rank 3- 4

	Antenna spacing
	
[image: image271.wmf]2
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,
[image: image272.wmf]2

l



	Antenna polarization for rank 1-2
	
[image: image273.wmf]/45

+-

o

 at BS

ULA at UE, with 
[image: image274.wmf]b

 uniformly distributed in 
[image: image275.wmf][90,90]

-

oo



	Antenna polarization for rank 3-4
	
[image: image276.wmf]/45

+-

o

 at BS


[image: image277.wmf]/90

bb

+

o

 at UE, with 
[image: image278.wmf]b

 uniformly distributed in 
[image: image279.wmf][90,90]

-

oo



	Link adaptation
	AMC, HARQ

	Receiver
	MMSE

	Channel estimation
	Perfect

	PMI feedback delay
	0ms

	Precoding granularity
	6RBs

	LOS AoD direction between BS and MS
	Uniformly distributed in 
[image: image280.wmf][60,60]

-

oo

, changed per 200 subframes


Table B2: System level simulation assumptions
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Scenario
	3GPP Case1-2D

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers, I=128.1 – 2GHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	Number of antenna elements (BS, UE)
	(8, 2)

	Antenna separation (BS, UE) 
	
[image: image281.wmf]2
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,
[image: image282.wmf]2
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	Antenna polarization
	BS co-polarization or ULA,  UE ULA

	Antenna polarization for DP configurations
	
[image: image283.wmf]/45

+-

o

 at BS

ULA at UE, with 
[image: image284.wmf]b

 uniformly distributed in 
[image: image285.wmf][90,90]

-

oo



	Scheduler
	Proportional Fair

	Receiver
	MMSE

	Precoding granularity
	6 PRBs

	Overhead
	3 OSs DL control/ 4 CRS ports/ 12 REs DRS per PRB
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