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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.  Based on all those works, in the last Shenzhen meeting, a conclusion on rank-3 codebook design for 4x4 UL-MIMO was drew [1], where,
· Non-zero elements from BPSK/QPSK alphabet
· Try to jointly assess CM property and performance. 

· Power constraint per antenna pending RAN4 response

· Provide CDF of transmit power as e.g. done in R1-093056

· Codebook size: 20

In this contribution, we try to make the further investigation on the basic properties of CMP based rank-3 precoding scheme.  The simulation results shows that it is not appropriate to only use CMP based codebook for rank-3 transmission in LTE-A UL-MIMO.
2. CMP based Rank-3 Precoding

In general, a rank-3 CM-Preserving precoding matrix can be written as
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where 
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 is the row permutation matrix,  x∈{+1, -1, +j, -j} for QPSK alphabet, and
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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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. This precoding scheme is called Layer Power Balanced CMP precoding (CMP-LPB) [2];

If the power is unequally distributed between all the layers, 
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.  Especially, for 
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, the precoding scheme is called Layer Power Unbalanced CMP precoding (CMP-LPU) [2].
For CMP-LPB precoding scheme, in order to keep the same power between different layers, the two physical antenna ports where data are transmitted in one layer have to individually reduce the transmit power by a half as compared to the other physical antenna ports where data are transmitted in two layers [2]. Thus, for CMP-LPB precoding scheme, the ratio of total transmit power to possible entire transmit power for all the antenna ports is 0.75, resulting in 1.2494dB loss.  As a consequence, the CMP-LPB precoding scheme is not suited to the power limited scenarios [2].
In what follows, we attempt to analysis the basic properties of CMP-LPU based rank-3 precoding scheme and show our considerations for rank-3 precoding codebook design.
3. Essential Properties Analysis of CMP based Rank3 Precoding
Figure 1 describes the post SNR CDF for CMP-LPU based precoding systems with MMSE receivers experiencing different SNR values.
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Figure 1: Post SNR CDF using CMP-LPU based Precoding Codebook, MMSE receiver
Obviously, from fig.1, it’s very hard to distinguish the post-SNR CDF curves for layer2 and layer3 from each other.  It’s reasonable that the statistical characteristics of the post-SNR for layer2 and layer3 are almost the same, because of the same channel statistical characteristics experienced by layer2 and layer3 in CMP-LPU precoding systems.
Also, it can be observed that the post-SNR CDF curve for layer1 is almost parallel, shifted from the curve for layer2 or layer3, with slight slope difference in the relatively lower and higher SNR regions.  For the CDF value 0.5, the post-SNR difference between layer1 data and layer2 or layer3 data is near 3dB. This is a reasonable behavior because in CMP-LPU precoding systems, the layer1 data is transmitted by 2 full power antennas and the layer2 or layer3 data is transmitted only by 1 full power antenna.
Figure 2 describes the post SNR CDF for CMP-LPU based precoding systems and CMF-LPB based precoding systems with MMSE receivers experiencing different SNR values.
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Figure 2: Difference of Post SNR CDF using CMP based Precoding Codebook and CMF based Precoding Codebook, MMSE receiver
Fig.2 shows the difference of post SNR CDF curves for CMF-LPB and CMP-LPU precoding systems.  
By experience, the unbalanced layer power scheme is inferior to the balanced layer power scheme in system throughput.  In the relative high SNR area, layer1 data used more transmitted power wastes the system power during the MCS selection; in the relative low SNR area, layer2 and layer3 data with less power have less probability to select a matched MCS level, resulting in decreasing the probability of rank-3 transmission.

Actually, the unbalanced layer power scheme is inferior to the balanced layer power scheme for all SNR regions because of the well-known convex property of Shannon capacity.
Assuming 
[image: image17.wmf]1

S

 and 
[image: image18.wmf]2

S

 to be the signal power with noise power of 
[image: image19.wmf]0

N

, we have

[image: image20.wmf])

2

1

log(

2

)

1

log(

)

1

log(

0

2

1

0

2

0

1

N

S

S

N

S

N

S

+

+

´

<

+

+

+



[image: image21.wmf]2

0

2

1

0

2

0

1

)

2

1

(

)

1

(

)

1

(

N

S

S

N

S

N

S

+

+

<

+

´

+

Û



[image: image22.wmf]2

2

0

2

1

2

0

2

1

4

)

(

N

S

S

N

S

S

+

<

´

Û



[image: image23.wmf]2

2

2

1

2

1

2

S

S

S

S

+

<

´

´

Û


4. Throughput Comparison between  CMF Based Rank-3 Precoding and CMP Based Rank-3 Precoding
4.1. Antenna Element Indexing
Figure 3 depicts the antenna element indexing that behaves cross polarization with four antenna elements. Throughout the contribution, this antenna configuration is utilized for our simulation.
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Figure 3: Antenna Element Indexing
4.2. CMF and CMP Precoding Codebook
Table 1 , Table 2 and Table 3 give the size-20 CMF-LPB precoding codebook, size-20 CMP-LPU precoding codebook and size-20 CMP-LPB precoding codebook respectively.  
Noted that both of them are well designed relying on near exhaustive searching manner.
Table 1: Size-20 CMF-LPB Precoding Codebook
	CMF Rank-3 codebook

· Size = 20
· Minimum chordal distance = 0.2357
· Power distribution matrix
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Table 2: Size-20 CMP-LPU Precoding Codebook
	CMP Rank-3 codebook

· Size = 20
· Power distribution matrix
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Table 3: Size-20 CMP-LPB Precoding Codebook
	CMP Rank-3 codebook

· Size = 20
· Power distribution matrix
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4.3. Simulation Results
Figure 4 describes the throughput comparison between the proposed CMF-LPB based codebook listed in Table 1, CMP-LPU based codebook listed in Table 2 and CMP-LPB based codebook listed in Table 3.  In addition, Table 4 and Table 5 list the throughput gain achieved by CMF codebook over CMP codebook.
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Figure 4: Throughput Compare between CMF and CMP Codebook
Table 4: Throughput Increase of CMF Codebook over CMP-LPU Codebook
	SNR(dB)
	5
	7
	9
	11
	13
	15
	17
	19

	Throughput Increase (%)
	3.9874
	4.2395
	3.9205
	3.4661
	3.3086
	3.1032
	2.5214
	1.7247


From Figure 4 and Table 4, it is observed that the CMF-LPB codebook results in 3-5% better performance than CMP-LPU codebook within the region of interest.
Table 5: Throughput Increase of CMF Codebook over CMP-LPB Codebook
	SNR(dB)
	5
	7
	9
	11
	13
	15
	17
	19

	Throughput Increase (%)
	3.1026
	2.6340
	1.9697
	1.6324
	1.4866
	1.1595
	0.6984
	0.3183


From Figure 4 and Table 5, it is observed that the CMF-LPB codebook results in 1-3% better performance than CMP-LPU codebook within the region of interest.
5. Conclusions

In both practical implementation and theoretical analysis, CMP based precoding scheme faces the dilemma of whether to balance the transmission power between different layers.  
1) Although the layer power unbalanced CMP precoding scheme can transmit signals with full power within the power limited situation (less than 5% in probability), it shows inferior system throughput within the normal power unlimited situation (more than 95% in probability);
2) While the layer power balanced CMP precoding scheme outperforms the layer power unbalanced CMP precoding scheme in power unlimited situation, it is not suited to the power limited scenarios because of the power back off from the precoding matrix.
3) Layer power balanced CMP precoding scheme shows inferior system throughput compared with layer power balanced CMF precoding scheme
Obviously, these born shortcomings come from the essential properties of CMP based rank-3 precoding scheme which, in order to keep the CM value, distribute 3 layer data to 4 antenna ports asymmetrically.
As a conclusion, it is not appropriate to only use CMP based codebook for rank-3 transmission in LTE-A UL-MIMO.
6. Appendix
The relevant link level simulation assumptions are listed in Table 8
Table 4: 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
	1) Tx and Rx correlation = 0 
2) System-level SCM Urban Macro
2 pairs of XP antennas
Tx separated by 
[image: image89.wmf]l

/2
Rx separated by 4
[image: image90.wmf]l



	MCS Set
	MCS 0-27

	Coding Scheme
	Turbo Coding

	Allocated RBs
	4

	HARQ scheme
	4

	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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