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1. Introduction
So far, a lot of companies have given the contributions relevant to the codebook design for 4x4 UL-MIMO [2]-[10].  Based on all those works, in the last LA meeting, a conclusion on precoding codebook design for 4x4 UL-MIMO was drew [1], where,

Rank-1

· Decision: 

· Size-24: 16 constant modulus + 8 antenna-pair turn-off vectors 

· QPSK alphabet for rank-1 precoding proposals other than the rank-1 precoding specified in LTE Rel-8

· For further discussion: Rank-1 codebook in 2940 as baseline pending confirmation on the performance

· Final conclusion to be captured into the TR will be made in the next meeting

· Discuss further the relationship between the precoding and the power control

Rank-2

· Decision: 

· Size-16: CM-preserving matrices

· QPSK alphabet

· For further discussion: Rank-2 codebook in 2940 as baseline pending confirmation on the performance

· Final conclusion to be captured into the TR will be made in the next meeting
Rank-3

· Continue discussion taking into account 

· the impact on RS and related channel estimation/compensation performance

· impact on CM

· throughput

· coverage
· etc.
The cubic metric (CM) as a method has been adopted in RAN1 discussion to determine PA power de-rating. A low CM (CM-preserving) is a reasonable criterion for the codebook design in the power limited scenario. However, high rank (rank 3 and 4) transmissions are typically not power-limited [11]. In other words, cubic metric preserving is not that critical for high rank codebook design.  Therefore, cubic metric friendly-CMF [12] was proposed as a codebook design criterion instead of cubic metric preserving-CMP.   Some relevant works [2, 9] demonstrated the performance of CMF based rank-3 codebook.
In this contribution, we make the simulation comparison between the equal power distribution and the unequal power distribution among all the layers. We demonstrate that the equal power distribution scheme is the optimum solution in terms of maximizing the system throughput especially for rank-3 transmission.
2. Power Distribution of CMF based Rank-3 Precoding

A rank-3 CM-friendly precoding matrix can be written as follows [12, 2, 9]: 
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where 
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 is the row permutation matrix,  and for QPSK alphabet, {x, y, z}∈{+1, -1, +j, -j},
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 is the power normalization matrix,

and 
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 is the power distribution matrix.  
If the power is equally distributed between all the layers, 
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If the power is unequally distributed between all the layers, 
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, where 
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In what follows, we attempt to find the optimum power value  
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 for unequal distributed scenario.
3. Simulation Results and Analysis
Figure 1 describes the post SNR CDF for layer1, layer2 and layer3 of MMSE receivers experiencing different SNR values, if the power is equally distributed between all the three layers.
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Figure 1: Post SNR CDF of equal power layer distribution, MMSE receiver
It is observed that, for all the simulated SNR value, the post SNR CDF of all the three layers are almost the same if the power is equally distributed between all the three layers.  
Another simulation is deployed to find the optimum 
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 for MMSE receiver when the power is unequally distributed between all the layers.   For power distribution matrix 
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,  with the final resolution of 0.0001, the values of 
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 are exhaustively searched in order to maximize the system throughput.
Table 1: power distribution matrix of different SNR values
	SNR=7dB
	SNR=9dB
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	SNR=11dB
	SNR=13dB
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Table 2: throughput increase by unequally distributed power
	SNR(dB)
	7
	9
	11
	13

	Throughput Increase(×0.01%)
	0.99
	0.16
	0.12
	0.05


Table 1 lists the optimum 
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 for different SNR values, and Table 2 lists the throughput improvement compared with the equal power distribution scheme.  Obviously, for all the simulated SNR values, all the optimum 
[image: image23.wmf]l

1

is slightly less than 1/3, and 
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 is exactly the same as 
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.   This slight difference of power distributed in different layers brings a minor throughput gain as compared to equal distribution scheme.
4. Conclusions

In this contribution, we have demonstrated the simulation results by a comparison between the equal power distribution and the unequal power distribution among all the layers in CMF based rank-3 precoding, in terms of CDF of post SNR and the system throughput.
Simulation results show that for MMSE receiver, by an exhaustive searching, the optimum power distribution matrix used for unequal distribution scheme is almost the same as that for the equal distribution scheme. As a consequence, for MMSE receiver, the equally distributed power scheme for CMF based precoding is an optimum solution in terms of system throughput.
5. Appendix
The relevant link level simulation assumptions are listed in Table 8
Table 3: link level simulation assumptions.
	Parameter 
	Explanation/Assumption

	Bandwidth
	5 MHz

	Antennas Configurations
	4x4

	Receiver Type
	LMMSE

	Fading model
	3 Kmph ITU-VA 6 delay profile

	Spatial channel model
	Tx and Rx correlation = 0 

	MCS Set
	MCS 0-27

	Coding Scheme
	Turbo Coding

	Allocated RBs
	4

	HARQ scheme
	off

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of useful sub-carriers
	300

	Number of OFDMA symbols per TTI
	14

	Number of sub-carriers per RB
	12

	Overhead
	3 symbols

	Processing delay 
	4 subframe (4ms)

	Channel estimation for demodulation
	Ideal 
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