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1.1. Introduction

Uplink SU-MIMO supporting up to 4 Tx antennas has been considered commonly as an potential technology to satisfy the higher peak data rate for LTE-A. In RAN1 #56bis meeting, some conclusions on the 2Tx-codebook look to be a big step forward for more specific precoding which is one of main decision points. However in the case of 4Tx-codebook, in line with several companies only general properties are determined as follows

· Codebook-based precoding is supported for FDD.

· Single TPMI per UL component carrier (frequency non-selective in a component carrier) is supported.

· Frequency-selective precoding (multiple TPMIs) in a component carrier FFS.

· Size-1 codebook with identity precoding for full-rank transmission

· Dynamic rank (TRI) adaptation.

· 4Tx codebook.
· Total size (1-layer + 2-layer + 3-layer + 4-layer) ≤ 64 (6-bit codebook).
· At most 8-PSK but constant modulus alphabet FFS
· Precoding for TDD.
· Continue discussion about codebook-based vs non-codebook based approaches.
In this stage, the discussion to be covered is about more specific precoding codebook design for 4Tx Uplink SU-MIMO. So far there are some related contributions [1]-[6] dealing with precoding including codebook vs non-codebook as well as wideband precoding vs subband precoding. And one more design factor to be highlighted and needed to be further studied is the CM/PAPR to support single carrier property under power limited scenario since it is beneficial to keep the CM property as much as possible so that higher power transmission may be allowed. In this contribution, we summarize some guidelines to design 4Tx codebook.
2.1. Criteria of Codebook design for 4Tx Uplink SU-MIMO
2.1. Cubic Metric as an design guide
One of the motivations of choosing SC-FDMA as the only multiple access scheme of uplink in LTE advanced was that it may give additional benefits due to the single carrier property. The lower cubic Metric (CM) can allow higher uplink transmission power, therefore in general it is beneficial to design a codebook in which may help preserve CM values for each antenna port.

2.1. Lower Rank Codebook (Rank-1, Rank-2)

Lower geometry UE suffering from power limited situation will mainly have rank-1 and rank-2 transmissions. Given this assumption, full CM preserving precoding structure only is beneficial as proposed in [2]. Therefore, it is preferable to have full CM precoding structure for rank-1 and rank-2 in 4Tx codebook.
2.1. Higher Rank Codebook (Rank-3 and Rank-4)
The CM property is also important for higher rank cases since there is a still possibility to suffer power limited situation even in higher rank due to uplink power sharing between PUSCH and PUCCH transmission when both uplink channels scheduled at the same time. 
However, when there are no power limitations, the eNB is fully aware of the UE’s limitations in advance. In these cases, UE scheduling and precoding can be handled even with non-CM-preserving matrices. Therefore, if inclusion of non-CM preserving precoding matrices may help to enhance precoding performance, additional inclusion of non-CM preserving structure can be also considered on top of the full CM-preserving precoding matrices.
In this contribution, CM preserving matrix is matrix which only allow mixture of 1 layer from a single antenna port point of view. Non-CM preserving matrix is matrix which allows mixture of 2 layers from a single antenna port point of view. Table 1 shows CM value analysis of mixture of signals from different number of layers. We can see that if multiple signals from different layers are mixed into a single antenna port results in higher CM values. The CM value increase is proportional to number of layers mixed into a single antenna port.
Table 1. CM value analysis of number of mixed layer for a single antenna port
	
	CM (dB)

	Mix of 1 layer 

in a single antenna port
	1.22

	Mix of 2 layer 

in a single antenna port
	2.55

	Mix of 3 layer 

in a single antenna port
	3.05

	Mix of 4 layer 

in a single antenna port
	3.30


Proposal: CM-preserving codebook should be employed for all ranks in 4Tx codebook design. For higher rank codebook, non-CM-preserving may be also considered as a part of codebook.
2.2. Codebook size

Studies show that codebook size for lower ranks may require more vector/matrices to achieve similar relative performance from ideal cases. At the same time the total number of vector/matrix in the codebook should be confined to a small number in order to reduce signaling overhead. From these observations, we believe the lower rank codebook should have larger number vector/matrices compared to higher rank codebook.

Furthermore, we also believe it may be beneficial to increase number of vectors in rank 1 codebook to larger number than 16. Although the exact number of vector/matrix for each rank will require some further investigation, we prefer to design a codebook with uneven codebook vector/matrix entries in order to optimize the performance for given total codebook size.

Proposal: 

· Total Codebook size equal or less to 64 vector/matrix
· The uneven codebook size per rank

· Lower rank codebook may have equal or larger codebook size than higher rank codebook
2.3. Constrained PMI Alphabet
We believe it will be beneficial to restrict the number of alphabets within a vector/matrix in the codebook to at most 4 elements. Even though the eNB does have larger computational processing power compared to the UE, the eNB will need to support various numbers of UEs in the cell. Any computational complexity reduction in the eNB will be reduce the total complexity by a factor of number UEs that eNB can support. We propose the confine the uplink 4 Tx codebook vector/matrix to QPSK values {+1, -1, +j, -j }.

Proposal: At most QPSK codebook is proposed.
2.4. Nested Structure
Nested structure was one of the key design factors in DL codebook design to support an efficient rank overriding. In the case of UL SU-MIMO since the eNB is always in control of the uplink UE transmission and the UE does not inform the eNB on the preferred rank of the channel. The eNB can always select proper precoding depending on channel conditions. We believe it is not necessary to maintain nested structure property for codebook design, since there is no notion of rank overriding for the uplink. 
Proposal: Nested property is not necessary feature

3.1. Summary
In this contribution, we described several precoding design issues for uplink SU-MIMO. Some proposed guidelines for codebook design are provided below.

· CM-preserving codebook should be employed for all ranks in 4Tx codebook. 
· For lower rank codebook including rank-1 and rank-2, full CM-preserving codebook should be baseline

· For higher rank codebook, non-CM-preserving precoding matrices can be considered on top of the full CM-preserving precoding matrices in a codebook
· Total Codebook size equal or less than 64 vector/matrix
· Uneven codebook size per rank is proposed
· Lower rank codebook may have equal or larger codebook size than higher rank codebook
· Constrained alphabet of at most QPSK

· No need for supporting nested property in uplink SU-MIMO codebook design
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