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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 #56 meeting, there have been a discussion about the number of CW, the number of HARQ, the number of MCS and layer shifting. However one more topic to be highlighted is the precoding codebook design for Uplink SU-MIMO. So far there are some related contributions [1]-[8] dealing with precoding including codebook vs non-codebook as well as wideband precoding vs subband precoding. Since it was agreed that SC-FDMA is used for uplink of LTE-A MIMO, single carrier property taking into account the CM/PAPR should be one of the factors which should be studied further in the precoding design. In this contribution, we summarize some guidelines to be considered of precoding for Uplink SU-MIMO. We also have evaluated CM analysis of DL codebook for 4 Tx antenna configuration.
2.1. Criteria of Codebook design for Uplink SU-MIMO

2.1. Codebook based precoding
Non-codebook based precoding is suggested to exploit fully channel reciprocity of TDD operation where downlink RS received can be used simply for estimating channel information and deriving the precoding in UE side directly. So, in that case, it is feasible for the UE to determine the optimal precoding and use it without informing the used precoder from the eNB. However there still exist considerable points to be investigated carefully to solve the antenna calibration aspects, the UE complexity, and cost issues.
On the other hand, for the FDD system which has limited channel reciprocity information in the UE, the channel state information should be transmitted periodically through uplink SRS. The eNB then determines best rank and precoder for uplink resources and informs related control information to each UE. Considering this aspect, the codebook based precoding is more suitable to support SU-MIMO for Uplink. For commonality between TDD and FDD, same approach such as codebook based precoding can be applied to TDD case.
2.2. 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 signal carrier property. The lower cubic Metric (CM) can allow higher uplink transmission power, and this results in larger coverage from each data rate point of view. The CM can extend not only the coverage of the entire cell size but also the coverage of higher order modulated data rates compared to high CM signals. This may be important since unlikely downlink transmission where the eNB usually transmits a fixed total power, the transmission power of the uplink may be controlled to achieve a certain data rate (e.g. use of ∆TF and the accumulative power control). Taking this into account CM/PAPR can be one of the reasonable guidelines for designing precoding for the 4 Tx uplink transmission. Initial studies show that precoding design taking into account CM properties may have negligible performance impact and at the same time may reap the data rate coverage extension benefits from low CM properties [4].
Table 1 shows CM value analysis for DL-based codebook for 4 TX antennas. The codebook from DL was reused when obtaining the CM values. We can see that the CM increase is proportional to the number of layers. This is because the signals from different layers are mixed to one Tx antenna PA. In contrast cubic metric based codebook design such as CMPP codebook [4] can keep the CM as low as 1.22 dB assuming QPSK transmission. Additionally it would be possible to design the codebook which keeps the CM quite low, such an example would be the identity matrix for rank 4. With these observations we believe the uplink SU-MIMO codebook design should consider the low CM property along with the number of matrices (per rank) in the codebook.
Table 1. CM comparison between DL 4 Tx codebook and uplink CM preserving codebook
	
	DL 4 Tx codebook CM (dB)

	Rank 1
	1.22

	Rank 2
	2.55

	Rank 3
	3.05

	Rank 4
	3.30


2.3. Codebook size
Extensive studies has been already been done during the study item phase of LTE when deciding the number of matrix in the 4 Tx codebook. In LTE, the 4 Tx codebook for DL has 16 vector/matrices for each rank. In general, we can take the size of the DL 4 Tx codebook as an initial study point, but further studies should be investigated for an optimized codebook size in the 4 Tx uplink precoding, since the studies for the 4 Tx DL codebook was never took into account characteristics of the uplink transmission such as power control and CM. For example, it has been known through a number of studies that the number of precoding matrix to achieve close to optimum performance in higher rank transmission is less than that in the lower rank transmission.
2.4. Constrained PMI Alphabet and PMI normalization factor
Constrained PMI alphabet of QPSK or 8-PSK seems to be reasonable choice for limited  computational complexity Regarding the exact normalization factors, we should investigate further with consideration of the actual power control scheme for the uplink spatial multiplexing.
2.5. Nested Structure
Nested structure was one of the design factor in DL codebook design to support an efficient rank overriding and reduced the relevant CQI mismatch. Because 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 for the uplink, since there is no notion of rank overriding for the uplink. 
3.1. Wideband vs Suband Precoding

In case of uplink DFT-s-OFDMA transmissions, the subband precoding generally may cause an increase in CM/PAPR compared to wideband precoding. However, a non-contiguous RB allocation based on the clustered DFT-s-OFDMA was agreed to provide uplink scheduling flexibility under the condition of no power-limited LTE-A UEs. Thus, the feasibility of subband precoding in the uplink transmission based on the Clustered DFT-s-OFDMA seems need to be further investigated especially in terms of the CM increase due to the usage of different PMI in frequency domain vs. performance gain from frequency selective precoding.
4.1. Summary
In this contribution, we described several precoding design issues for uplink SU-MIMO. Some proposed guidelines for codebook design are provided below.
· Codebook based precoding for FDD
· Cubic Metric friendly precoding codebook design
· Constrained alphabet of at most 8PSK 

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