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1. Introduction

In RAN1 #60bis, the way forward on simulation assumptions for 8Tx codebook design had been agreed. In this contribution, the codebook design principles and schemes are presented, and performance evaluation of 8Tx precoding codebooks is provided based on the agreed simulation assumptions.
2. Principles for codebook design

· To well support the feedback framework agreed in RAN1#60 [2], 8Tx codebook shall be constructed by dual-codebook structure.

· To take full advantage of dual-PMI feedback, one of the two codebooks should target wideband and/or long-term channel properties, while the other one targets frequency-selective and/or short-term channel properties.

· The overall precoder jointly formed by two matrices should inherit properties of Rel-8 codebook, such as unitary, a finite alphabet, nested and constant modulus, as many as possible. A specific structure leading to efficient computation is desired.
· The last but the most important one, the codebooks should be designed to perform reasonably well in prevalent antenna configurations, for both SU and low rank MU transmission.
3. Codebooks for 8Tx DL MIMO
In [3], we provided two dual-codebook schemes for 8Tx DL MIMO. In this section, these schemes are reviewed with some improvements on the base-codebooks.
3.1. 8Tx codebook scheme 1
The base-codebook for rank r includes several matrices 
[image: image1.wmf]{1:}

r

n

w

with size of 
[image: image2.wmf]2

T

Nr

´

, which are formed by the first r columns of base-matrices 
[image: image3.wmf]n

w

. 
[image: image4.wmf]T

N

 denotes the number of transmit antennas. These base-matrices are defined in Table 1, where 
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The mapping function from the two constituent matrices to the constituted precoder for rank 
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 is defined as below:
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where the dimension of
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 is the index corresponding to the base-codebook, 
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 is the precoder index in the whole-codebook, which contains all possible constituted precoder. From equation (2), we can see that the mapping function in (1) can take the form of product structure.
3.2. 8Tx codebook scheme 2

The base-codebook includes several vectors 
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The mapping function from the two constituent matrices to the precoder for rank 
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where, 
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4. Performance evaluation

In this section, performance evaluation of the proposed 8Tx precoding codebooks is provided by link level simulation for SU transmission. Huawei codebook scheme [4], which complies with the similar design principles with the proposed schemes, is also evaluated for comparison. 

Simulation assumptions in the agreed way forward [1] are adopted. In each codebook scheme, 4-bit base-codebook for rank1~4, 2-bit transform-codebook for rank1~2, and 1-bit transform-codebook for rank3~4 are used. The hybrid FDM CDM RS pattern shown in Figure 1 is used for simulation. 3 symbols for PDCCH and overhead of 2-ports CRS are considered. The overhead of DM RS is 12 REs for rank1~2 and 24 REs for rank3~4, respectively. 8 CSI-RS ports with 1RE/port/RB are inserted every 10ms by data puncturing. Other simulation parameters can be found in Table 5.
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Figure 1: RS pattern for simulation

In Figure 2, simulation results of 8x4 SU-MIMO under DP antenna settings with rank adaptation are given. From this figure, we can see that three schemes have very similar performance when SNR is not larger than 15dB, while our proposed schemes remarkably outperform Huawei scheme when SNR is between 20 dB and 30dB. 
Figure 3 shows the performance of scheme2 with and without rank adaptation.
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Figure 2: Link level performance of SU-MIMO with rank adaptation (RI<=4) 
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Figure 3: Performance of scheme2 with and without rank adaptation
5. Conclusions
In this contribution, we presented two 8Tx codebook schemes, which can take the form of product structure.  The proposed codebook schemes have all desired properties of Rel-10 LTE-A codebook, and perform well in prevalent closely-spaced DP antenna configurations for SU-MIMO.
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7. Appendix
Table 1: Definition of base-matrices for scheme 1
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Table 2: Definition of transform-matrices for scheme 1

	Index
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Table 3: Base-codebook for scheme 2

	Index
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Table 4 Transform-codebook for scheme 2

	Index
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Table 5 Link level simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	10MHz

	UE distribution
	1 UE per cell, uniformly distributed within
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changed per 400 subframes

	Data transmission BW
	6RBs

	Channel model
	Urban macro with high spread (15° angular spread)

	Fading speed
	3km/h

	Antenna configuration
	8x4, ideal antenna calibration

	Antenna spacing
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	Antenna polarization
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 at BS
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 at UE

	UE antenna orientation
	Fixed

	Antenna labeling
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	Link adaptation
	With and without rank adaptation, AMC, HARQ with maximum 3 re-transmissions

	Receiver
	MMSE based on DM RS of serving cell

	Periodicity of CSI RS
	10ms

	Channel estimation
	2-D MMSE on CSI RS and DM RS

	RI/PMI/CQI feedback delay
	5ms

	Precoding granularity
	All-band for PMI_1, 6RBs for PMI_2
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