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1. Introduction
In RAN1#59bis, CM-preserving (CMP) criterion was agreed for rank-3 codebook design with the following side notes for further investigation [1]:

· Revisit size of 12 for rank-3 codebook if there is enough reason to change from the former agreement on size of 20. 

· May revisit if the CMP is appropriate if serious problem is identified

We discuss the preferred codebook size in a companion contribution [2]. It was demonstrated that reducing the codebook size to 12 incurs negligible performance loss and hence is slightly preferred.
This contribution attempts to progress further by proposing the final codebook design. Several proposals were available before February 11, 2009 (the deadline suggested by the email moderator for codebook proposal submission). The available proposals are compared and a final recommendation is made accordingly. The eight proposals are listed as follows
· Size-20:

· Texas Instruments [2, 3]
· Ericsson [4]
· Fujitsu [email}
· Motorola [email]
· Size-12:

· Texas Instruments [email]
· Samsung [5]
· Fujitsu [email]
· Motorola [email]
2. Comparison
The following criteria are used to compare the different codebook designs:
· The throughput with rank-3 and rank adaptation assuming rank-1, 2, and 4 codebooks in [6] 

· The detailed simulation assumptions are given in the Appendix. 
· The dual-polarized transmit antenna configuration is simulated according to the agreement in RAN1#57. It is understood that the resulting spatial channel is inherently less correlated due to the low transmit correlation. It is also expected that the performance is less sensitive to the eNB (receive) antenna configuration.
· Another simple metric used for codebook selection is the minimum chordal distance where the chordal distance between two matrices is defined as: 
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Such metric gives a reasonable indication of the performance in low spatial correlation. 

For non-uniform antenna configurations such as dual-polarized arrays, the antenna element indexing is crucial since it may affect the performance due to the non-uniform correlation profile. Figure 1 depicts the indexing which we assume in this contribution. The antenna indexing is used to enumerate the spatial channel coefficients 
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where n and m are the receiver and transmitter antenna indices, respectively. Observe that the indexing for the 2 pairs of cross-polarized antennas (Figure 1(c).) represents the grouping of two antennas with the same polarization which tend to be more correlated. This is analogous to the indexing of 2 pairs of ULA in Figure 1(b). 
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Figure 1. Antenna element indexing (transmitter and receiver)
It is noted that the size-20 and 12 designs from Fujitsu assume different indexing. This has been taken into account in the simulation. 
In terms of chordal distance properties, all the proposals exhibit the same distance property for a given size:

· Size-20: minimum chordal distance = 0.3536, mean chordal distance = 0.3613
· Size-12: minimum chordal distance = 0.3536, mean chordal distance = 0.3669
The throughput comparison is shown in Figures 2 and 3 assuming rank adaptation and a fixed rank-3 transmission, respectively. Notice that for a given codebook size, the performance difference among different proposals is negligible.  
3. Conclusion

Since the chordal distance properties and throughput performance are the same across different proposals with the same size, we propose a simple BPSK-only size-12 design in [2] (see Table 2 below). Size-12 is preferred since the performance benefit for the larger size (20) is negligible. 
Table 2.The proposed rank-3 CMP codebook

	Index 0 to 3
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	Index 4 to 7
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	Index 8 to 11
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Figure 2.Throughput comparison: with rank adaptation
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Figure 3.Throughput comparison: fixed rank 3
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Appendix: Simulation Assumptions 

Table 1. Simulation assumptions

	Parameter

	Explanation/Assumption

	Bandwidth
	5 MHz

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of occupied sub-carriers
	300

	Number of SC-FDMA symbols per TTI
	12

	UE speed and fading model
	3 Kmph

	Antennas Configurations
	4x4 

	Codebooks
	Rank-1,2, and 4: as agreed in [4]

	Channel models and antenna configurations
	1) TU-6 delay profile + spatially uncorrelated channel; 

2) System-level SCM Urban Macro:
· Tx (UE): 2 pairs of XP antennas separated by /2

· Rx (eNB): 2 pairs of XP antennas separated by 4

	Center frequency
	2GHz

	BLER target for 1st transmission
	10%

	MCS Set
	28-level MCS with QPSK, 16QAM, and 64QAM

	Allocated RBs
	4

	HARQ scheme
	Chase Combining, 1 HARQ process per CW 

	Max number of retransmissions
	3 (total of 4 transmissions)

	Number of HARQ processes
	8

	HARQ configuration
	No layer shifting, separate HARQ across 2 codewords

	Processing delay 
	4 ms

	Receiver
	MMSE
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