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1. Introduction
Many companies presented their views in the contributions on further enhancement on LTE performance in LTE-Advanced phase [1][2], among them, one important design aspects for LTE-advanced is to provide performance enhancement for the LTE uplink transmission with MIMO technologies [3][4][5]. 
There’re already many contributions [6][7] to show the improvement on UL SU-MIMO transmission schemes. The performance for uplink MU-MIMO is an important factor as well. Uplink MU-MIMO with multiple streams per UE should be investigated. In this contribution, we discuss in brief some considerations for uplink MU-MIMO in LTE-Advanced.
2. UL MU-MIMO 

MU-MIMO (or SDMA) supports multiple user transmissions over the same resource (time-frequency) for both open-loop and closed-loop MIMO. In general, MU-MIMO scheme provides higher system throughput by exploiting multi-user scheduling gain mainly in spatial domain. Therefore, it is beneficial to employ MU-MIMO scheme for the LTE-Advanced uplink also. In addition, enhanced MU-MIMO scheme can be considered to provide higher peak system efficiency by fully exploiting multi-user scheduling gain. 
In uplink, with more (≥2) transmit antennas in UE side and larger number of receive antennas in eNodeB, more flexible MU-MIMO transmission could be supported, such as multiple streams per UE scheduled for SDMA simultaneously. 
Since the UEs could be equipped with multiple antennas in LTE-advanced uplink, the UEs could potentially transmit spatially multiplexed streams to eNodeB simultaneously. As known, when one stream per UE (rank-1) transmission with closed-loop precoding is employed for uplink MU-MIMO, SNR gain or cell coverage extension can be achieved. And it can be expected that with application of multiple antennas in multiple UE for MU-MIMO, peak data rate and user throughput are directly increased by using the multiple streams, and the gains could contribute to improvement in system throughput. More advanced signal detection scheme with high accuracy for spatial de-multiplexing can be implemented at eNodeB receiver in UL. Therefore, there should be no restriction on UE supporting multiple streams (rank≥2) transmission in MU-MIMO, and also there should be no restriction on eNodeB to provide flexible scheduling irrespective of each UE’s rank in uplink for MU-MIMO. At first stage, we suggest to consider the case of 2 transmit antennas in each UE, in which 2 streams could be transmitted per UE for uplink MU-MIMO transmission. It is envisioned that the rank-2 MU-MIMO mode could increase the system throughout compared to a rank-2 SU-MIMO mode. 
For supporting rank≥2 transmission per UE, there're some issues which should be further investigated, such as SCW\MCW, precoding and related signaling. It’s for FFS whether SCW or MCW should be supported when using multiple streams per UE in UL-MIMO. In order to obtain reasonable spatial multi-user diversity gain it is necessary to take inter-user interference into account. Investigation on the precoding control for uplink MU-MIMO with rank≥2 is necessary taking into account both throughput gain and UE complexity. 

The investigation of rank≥2 UL-MIMO scheme should be treated together with the SU-MIMO and MU-MIMO study. It is necessary for uplink MU-MIMO to have commonality with uplink SU-MIMO as much as possible although potentially no specification impact might not seen as MU-MIMO similar to LTE. To support multiple streams per UE, there’s some analogous multiple antenna schemes as for downlink which could be used for the uplink. And similarly as in downlink, the precoding control, sounding procedure for MU-MIMO should keep most commonality with SU-MIMO for implementation simplicity. If newly designed schemes for MU-MIMO are introduced for LTE-Advanced, it should be guaranteed that the schemes can provide significant gain compared to MIMO schemes in LTE phase in order to avoid unnecessary increasing implementation complexity. As well, backwards/forwards compatibility should be taken into account to support LTE UE.

3. Conclusion
In this contribution, several aspects of uplink MU-MIMO for LTE-Advanced are discussed. We propose to study the more flexible MU-MIMO schemes in uplink; in particular, we propose to consider dual-streams (rank-2) per UE as first study and optimization point. Further study should be continued with performance evaluations among each technique through simulations. 
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