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1. Introduction

After several LTE-Advanced workshops and RAN1 #53 meeting, 3GPP RAN decided to drastically improve the uplink performance for LTE-Advanced as compared with that of LTE in order to reach the requirement of IMT-Advanced. In RAN1#53bis meeting, it was emphasized that the employment of UL MIMO is inevitable to fulfil the target requirement of UL spectral efficiency and cell-edge UE throughput in LTE-Advanced, and several contributions [1]-[12] related to UL transmit diversity and spatial multiplexing have been submitted so far. When UL-MIMO schemes for LTE-Advanced are investigated, it should be taken into account that the single-carrier property of SC-FDMA should be kept as much as possible in condition with providing considerable performance gain as compared with single Tx transmission in LTE. In addition, the hybrid multiple access (hybrid-MA) scheme of OFDMA and SC-FDMA (including several variations of DFT-s-OFDMA) [10], [12], [13] and the reference signal for the extended number of antennas in OFDMA as well as SC-FDMA should be considered for better support of uplink MIMO transmission. 
Based on these consideration points, in the contribution, we introduce the high-level view for UL MIMO schemes of TxD, closed-loop/open-loop spatial multiplexing and MU-MIMO, and the design ways for the uplink reference signal supporting the extended number of antennas are described.
______________________________________________________________________
2. Uplink MIMO Transmission Scheme
When we consider the hybrid-MA for LTE-Advanced, each multiple access scheme can be used according to the geometry of the UE. In general, low geometry UE is under power limited scenario, thus requiring SC-FDMA transmission. And, OFDMA transmission is possible for a high geometry UE in order to obtain higher performance based on better channel estimation capability and channel-dependent scheduling gain [10]. Therefore, according to a UE’s geometry both multiple access schemes can be used. In this section, we assume pure SC-FDMA (i.e., same as LTE uplink) transmission should be supported for a low geometry UE with rank-1 transmission while OFDMA can be used for any case to maximize the system performance.

· Transmit Diversity Scheme

So far, a lot of transmit diversity (TxD) schemes [9], [11] have been proposed for both downlink and uplink. In LTE, SFBC and SFBC+FSTD are specified as a TxD for 2Tx and 4Tx, respectively. In general, three types of transmit diversity scheme can be considered such as SFBC/STBC, cyclic delay diversity (CDD) and FSTD/TSTD. Among them, SFBC-based transmit diversity scheme provides most reliable performance in OFDMA-based system irrespective of the MCS level, antenna correlation and Doppler frequency, thus employed in LTE downlink system. However, this result can be different if we assume pure SC-FDMA transmission since SFBC/STBC may harm single-carrier property. Thus, modified schemes of SFBC/STBC [9], [11] which can keep fully or partially single-carrier property have been proposed in LTE-Advanced.
For SC-FDMA transmission, it is preferable that uplink TxD scheme should keep single-carrier property with reasonable performance. Among the candidates mentioned above, CDD and FSTD doesn’t harm single-carrier property without modification if we employ those schemes as shown in figure 1 and 2. In the case of modified STBC (i.e., STBC-II) [9], it is necessary to keep even number of OFDM symbols for PUSCH. Therefore, it is not adequate since the number of OFDM symbols for PUSCH is easily changed according to the existence of SRS and CP length.

Keeping that in mind, CDD and FSTD seems to be most adequate as a candidate for uplink transmit diversity scheme if those schemes can provide reasonable gain.
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Figure 1. CDD scheme for SC-FDMA transmission
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Figure 2. FSTD scheme for SC-FDMA transmission
· Close-Loop Precoding
In LTE, SC-FDMA is employed for UL single antenna transmission. In order to achieve uplink peak data rate requirement in LTE-Advanced, closed-loop spatial multiplexing should be employed. When we design uplink MIMO scheme from the performance enhancement point of view, OFDMA should be considered since the combination of precoded SM and OFDMA provides significant performance gain as compared with that of precoded SM and SC-FDMA [13]. In addition, single-carrier property seems not important for the UE having high geometry since such a UE doesn’t have power limited scenario. Therefore, the 2Tx and 4Tx codebooks in LTE can be simply reused for the higher-rank uplink transmission without any restriction.

For rank-1 closed-loop transmission, the single-carrier property should be kept since a low geometry UE normally uses rank-1 closed-loop precoding in order to maximize signal power if channel is not aged quickly. Keeping that in mind, wideband precoding seems to be appropriate for rank-1 transmission for pure SC-FDMA transmission since frequency selective precoding may harm the single-carrier property.
· Open-Loop Spatial Multiplexing
Open-loop SM may provide higher throughput performance for the UE having high geometry with medium to high mobility. Therefore, OL SM should be employed for uplink MIMO transmission to keep the high throughput performance even in the high mobility scenario. As mentioned before, high-geometry UE doesn’t need to consider single-carrier property, thus reusing DL OL-SM scheme with OFDMA seems to be possible for uplink MIMO transmission. However, newly designed uplink OL-SM can be also considered to optimize the performance.

· Multi-user MIMO
In general, MU-MIMO scheme provides higher system throughput by exploiting multi-user scheduling gain. Therefore, it seems to be beneficial to employ MU-MIMO scheme for the LTE-Advanced uplink. In LTE, multiple UE can be allocated in same time-frequency resources with different cyclic shift value for DMRS, thus eNB can decouple data from multiple UE with UE-specific cyclic shift value. This can be simply extended toward LTE-Advanced by using rank-1 precoded DMRS with UE-specific cyclic shift value. 
When closed-loop rank-1 precoding is employed for uplink MIMO transmission, cell coverage extension or SNR gain can be expected. Hence, it is preferable to have a precoded DMRS for uplink MU-MIMO in order to reuse LTE uplink MU-MIMO scheme. In addition, there should be no restriction on scheduling in eNB to provide full flexibility in uplink scheduling for MU-MIMO irrespective of each UE’s rank and/or multiple access scheme. 
______________________________________________________________________
3. Reference Signal Structure
Two types of reference signal are defined in uplink SC-FDMA such as DMRS and SRS. In general, the DMRS is used to demodulation of PUSCH and SRS can be used for channel adaptation. For LTE-advanced, for multiple transmit antennas, the DMRS can be extended to non-precoded DMRS and precoded DMRS. 
The non-precoded DMRS which is used to estimate channels from each transmit antennas may needs multiple cyclic shift allocation for a UE to estimate spatial channels of each antenna port, thus requiring Nt (i.e., number of transmit antennas) cyclic shift allocation for a single UE. In this case, uplink multi-user MIMO and inter-cell interference coordination seems to have a further restriction as compared with LTE due to multiple cyclic shift allocation for a single UE. 
Precoded DMRS which is precoded to estimate channels from each layer may needs layer number of cyclic shift which means that if the transmission rank is one, then only one cyclic shift value is needed irrespective of Nt when a precoding is employed. Therefore, the number of cyclic shift value can be kept for other UE as much as possible. However, both extended DMRS types should be further investigated in order to take PAPR and performance into account.

       In addition, a new RS structure which may support MIMO transmission more efficiently can be designed for OFDMA. 
______________________________________________________________________
4. Summary
In this contribution, we briefly discussed several aspects of UL SU-MIMO scheme including transmission schemes and reference signal design for LTE-Advanced under the assumption in which hybrid-MA is employed to optimize the system performance according to the UE geometry.
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