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1. Introduction
For LTE-Advanced, higher uplink data peak data rate should be supported than LTE. UL MU-MIMO has been supported in R8, it is naturally that UL SU-MIMO should adopted to enhance the UL efficiency. UL SU-MIMO has been discussed in many contributions [1][2] as an important technology to increase uplink system capacity. And potential uplink transmission scheme with higher spectral efficiency such as OFDMA could be considered for LTE-Advanced [3],[4]. 
In this contribution, we discuss three potential candidates for UL multiple access scheme, and propose that Nx SC-FDMA is adopted for the wider bandwidth transmission in LTE-Advanced uplink for single stream transmission, and the multiple access scheme for LTE-Advanced UL Spatial Multiplexing mode is FFS. Also UL SU-MIMO scheme is discussed. TDD is suitable to very wide system bandwidth since paired spectrum is not required. For TDD system, in order to make full use of channel reciprocity to improve the performance, non-codebook-based precoding should be introduced to LTE-advanced system.
2. Uplink multiple access in LTE-Advanced

In recent meetings, UL multiple access schemes have been discussed. DFT-s-OFDMA, clustered DFT-s-OFDMA, or Nx SC-FDMA and OFDMA are potential candidate schemes. The advantages and disadvantages of clustered DFT-s-OFDMA, Nx SC-FDMA and OFDMA are analyzed as following:
2.1. Clustered DFT-s-OFDMA

Advantages:

· Low PAPR and CM properties when the number of cluster is less than 5
· Good compliment with DFT-s-OFDMA

Disadvantages:

· Complexity introduced by the large DFT size for the wider bandwidth

· Low spectrum efficiency compared to OFDMA
2.2. Nx SC-FDMA

Advantages:

· Low PAPR and CM properties when the number of DFT branches is less than 5

· Good compatibility with DFT-s-OFDMA

· Good support for the wider bandwidth in non-continuous component carriers

· Good support for the HARQ and AMC in each DFT branches or each component carriers 

Disadvantages:

· Low spectrum efficiency compared to OFDMA
2.3. OFDMA

Advantages

· OFDMA can provide highest spectral efficiency compared to others uplink multiple access schemes such as clustered DFT-s-OFDMA, or Nx SC-FDMA. Spectral efficiency is the most prominent issue that we should take into account, and also is the outstanding reason for LTE-Advanced to introduce this additional access scheme. 

· OFDMA can be combined with MIMO efficiently and make it possible to provide higher uplink throughput with uplink MIMO. MIMO is a key technique in LTE downlink, but which is excluded in LTE uplink for the limitation with terminals application. However, in LTE-Advanced, uplink MIMO is needed and multiple uplink antennae transmitting might be a usual application scenario, thus enforcing the possibility of OFDMA as additional uplink multiple access scheme.

· OFDMA can provide better scheduling flexibility in either downlink or uplink. 
· May simplify UL signaling structure, e.g. no need for signaling in PUSCH.
Disadvantages:

· High PAPR and CM properties

· Potential many changes needed for R8 specification
From this analysis above, we can see that Nx SC-FDMA and OFDMA are good candidates for the larger bandwidth, the potential motivation to choose Nx SC-FDMA may be better compatibility to R8.  However, OFDMA might seem more attractive in UL MIMO case.  The performance gain of OFDMA in MIMO case needs to be further verified after aligning simulation assumptions, e.g. the typical receiver type.
2.4. Conclusion:

So, we propose as following:

· For uplink single stream transmission, Nx SC-FDMA is the best choice to support wider bandwidth.

· For uplink multiple streams transmission, OFDMA might be a good choice for the PUSCH. The multiple access scheme for LTE-Advanced UL Spatial Multiplexing mode is FFS.
3. UL non-codebook MIMO transmission scheme for TDD

Similar to downlink SU-MIMO of LTE-release 8 [5], precoding technology will be an essential component for UL SU-MIMO. For TDD system, non-codebook-based precoding should be introduced to enhance the UL performance of precoding [6].
Some issues about non-codebook MIMO transmission is discussed as follow:
For UL SU-MIMO, codebook-based precoding and non-codebook precoding are two main candidate solutions. For the codebook-based precoding, codebook is selected depending on uplink sounding reference signal (SRS). Precoding matrix index should be informed to the UE via downlink signaling. According to demodulation reference signals, the eNodeB can detect transmitting information. In TDD system, reciprocity of DL/UL-channel is an important feature. The UE can estimate the channel information utilizing the downlink reference signals. Then uplink precoding is performed based on the downlink channel information. In this case, CQI estimation is still performed in the eNB side derived from SRS.

From the procedure of uplink precoding, non-codebook-based precoding has following obvious advantages compared to codebook-based precoding in the TDD system. 

· Accurate precoding matrix

For the non-codebook-based precoding, the generation of precoding matrix doesn’t cause any quantization errors, so the precoding matrix is perfect in matching the real channel. From MIMO theory, non-codebook-based precoding has obvious gain compared to codebook-based precoding because of the transmitter with accurate channel information.

· Less signalling overhead

PMI feedback overhead is considerable in codebook-based precoding, especially for the finer precoding granularity. In order to low down the overhead in the uplink grant, wider precoding is proposed in the R1-083751 in the RAN1-54b meeting. Hence, less signaling overhead is a definite merit for non-codebook-based precoding. 

· More frequency selective gain
In order to meet requirement of high data rate in the LTE-A system, wideband transmission is necessary. Frequency selective gain is preferred in the case. Because of overhead limitation of PMI indication, wideband precoding is proposed in the codebook-based precoding. However, channel status varies greatly in the wider frequency band. Finer subband precoding can get significant gains for non-codebook-based precoding. It can further increase the uplink system capacity. Though PAPR will increase due to finer precoding granularity at certain degree, it is not a problem for the uplink OFDMA. Even considering the SC-FDMA in uplink transmission, there exists a trade-off between frequency selective gain and PAPR property.

· Closer precoding match
Another merit of non-codebook based precoding is that the UE can directly utilize the downlink reference signals to generate the precoding matrix (closer to UL subframe, CSI is more accurate), while codebook based precoding needs to wait for the indication of downlink control signaling (CSI Measurement from UL Sounding reference signal). Precoding match of non-codebook based precoding may be more accurate. 
In addition, antenna calibration is necessary in non-codebook-based precoding. In case of UL non-codebook precoding, calibration in the UE end is feasible, which is discussed in details in [7], where 2 categories of calibration are adopted: methods based on air interface or based on implications.
4. Conclusion

In this contribution, UL transmission schemes that enhance UL transmission are discussed. In order to increase the peak data rate, UL SU-MIMO is discussed, especially, non-codebook should be adopted for TDD system. And in order to provide higher efficiency, OFDMA could be considered to introduce for PUSCH when UL SU-MIMO transmission scheme is adopted; however, how to introduce it still needs further studying.
-------------------------- Text proposal for TR 36.814 ------------------------

6 Uplink transmission scheme
Nx SC-FDMA is adopted for the wider bandwidth transmission in LTE-Advanced uplink for single stream transmission.
The multiple access scheme for LTE-Advanced UL Spatial Multiplexing mode is FFS. 
6.1 Uplink spatial multiplexing
Uplink spatial multiplexing of up to four layers is considered for LTE-Advanced.
For UL SU-MIMO, non-codebook based pre-coding should be applied to exploit channel reciprocity for TDD.
---------------------------------End of Text proposal ----------------------------
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