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1. Introduction
Precoder codebooks for UL 4 Tx have been discussed in 3GPP for quite some time now. Significant progress has been made so far on establishing codebooks for rank 1, 2 and 4, all obeying the cubic metric preserving (CMP) principle. Thus the same attractive cubic metric properties as in single-antenna single-carrier transmission can be enjoyed also for those ranks. A remaining issue is to decide on the type of codebook as well as the actual codebook elements for rank 3. This contribution therefore discusses and investigates the codebook design issue for rank three.
2. CMP or not CMP

Codebook proposals for CMP [1-2] as well as CMP friendly [3] or a mixture thereof [4] have been proposed. CMP friendly simply means that the CM is increased but not as much as in the worst case of mixing the signals from all three layers onto the same PA.
A CMP codebook avoids the need of an extra PA back-off, thus automatically offering performance benefits by allowing more power to be used for the transmission. As is well-known, the link performance is monotonically increasing with more transmission power so this directly translates into a throughput gain. The link performance is actually a rather relevant performance metric in this case as the primary scenario in which SU-MIMO is beneficial is when there is no or little interference. This leads to a power limited situation in which more power is always better. On the other hand, it could be argued that a CMP friendly or a mixed CMP and CMP friendly codebook would offer some additional degrees of freedom that also translate into performance benefits. 
Obviously, different requirements on PA back-off should be taken into account when comparing codebook designs. Since SU-MIMO as explained above is primarily for the noise limited scenario where maximum transmission power is optimal, the PA back-off can easily be taken into account by deducting the corresponding PA back-off value from the SNR value on the x-axis.
Proposal

· Compare codebooks of different types on link level by assuming UEs run at full transmission power and hence shift curves along x-axis directly according to the PA back-off value before making comparison
When considering the codebook type some issues speaking in favor of a CMP design need to be kept in mind:
· Cleaner design using the same codebook structure for all ranks

· More zeroes in the precoder elements thus reducing computational complexity in precoder selection

· CMP also for rank 3 would avoid the need of precoder dependent PA back-off thus simplifying UE implementation
· Als avoiding unattractive additional dependence between UL power control and transmission rank

· Increased uncertainty of actual UE transmission power
The last bullet deserves some further elaboration. Due to the in many cases substantial uncertainty on the eNodeB side of what transmission power the UE applies, the eNodeB cannot be sure of when the UE approaches power limitation and would thus need to back-off its PA. Thus, on top of everything else, the uncertainty of the actual UE transmission power increases which in general has negative consequences not only for power control but also for e.g. precoder selection. For the latter,  the eNodeB risks in many cases to having to make the assumption that PA back-off is performed when selecting precoder and rank even though the UE is not power limited, or vice verse, leading to degraded efficiency of rank and/or precoder selection on the eNodeB side. Keeping the CMP property also for rank 3 avoids making this problem worse by additionally increasing the power uncertainty of the UE transmission power on the eNodeB side.
Proposal
· CMP codebook also for rank 3.

3. A 20-Element CMP Codebook
There are several proposals for CMP codebooks [1][2]. In the previous meeting, it was agreed that the rank 3 codebook shall have 20 precoder elements. Table 1 below illustrates a possible CMP design under this condition. We compare it with the 16 element codebook found in [2]. Link level simulations for the EVA channel with 5 Hz Doppler and fixed rank 3 were conducted to assess the relative performance impact of having the freedom to use four more elements. The result is depicted in Figure 1 where gains on the order of a few percent are seen.
Table 1: 20-element CMP codebook for rank 3.
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Figure 1:  Relative gains of 20-element CMP codebook in Table 1 over 16-element CMP codebook in [2] in an EVA scenario with 5 Hz doppler.
4. Conclusions
Based on the discussion and investigation above related to the design of 4 Tx rank 3 codebook, the following is proposed: 
· Compare codebooks of different types on link level by assuming UEs run at full transmission power and hence shift curves along x-axis directly according to the PA back-off value before making comparison
· CMP codebook also for rank 3.

· Consider the 20-element codebook presented in Table 1 in potential further evaluations
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