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1 Introduction
In single-carrier frequency division multiple access (SC-FDMA) system, Node-B scheduler may assign single or multiple favorable localized resource blocks (RB) to the user terminal (UE) whereby the frequency and user diversities can be significantly achieved ‎[1]. To further improve the user capacity, multiple-input and multiple-output (MIMO), , becomes one candidate of most promising techniques, which may give M-fold capacity gain where M is the number of transmit antennas. On the transmitter side on the up-link (UL), however, the number of transmit antennas, in general, is limited. With such a constraint, the multi-user MIMO with orthogonal scheduling as a substantial solution has been recently proposed in LTE study term ‎[2].
Multi-user MIMO allows two UEs for simultaneous transmission each with single transmit antenna operation on the same RBs. It requires an orthogonal scheduler to assign paired users to the same RBs
. This may achieve not only user capacity gain as MIMO, but also user orthogonal diversity gain. Multi-user MIMO, however, does not work under all the conditions. For example, it is possible that Node-B cannot find a proper pairing for some UE. If this happens, the Node-B has to take single UE transmission rather than multi-user MIMO so that the UE coverage can be significantly improved. For single UE transmission in SC-FDMA system, as we mentioned early, the most efficient way is to exploit the frequency band scheduling based on localized RBs. This comes into an interesting question, which is how we can sufficiently make a combination between frequency channel dependent scheduling and multi-user MIMO orthogonal scheduling.
In this contribution, we discuss an issue regarding the combination between frequency channel dependent scheduling and multi-user MIMO orthogonal scheduling, and find a practical solution which may include all the advantages that both approaches have.
2 Channelization

The channelization in this contribution is exactly based on DoCoMo proposal ‎[1]. That is, the system bandwidth is divided into multiple frequency resource blocks. The frequency RB size should be equal to or smaller than 1.25MHz, for example, 1.25/N, and N may be chosen 1, 2, and 4.
3 Orthogonal Multi-user MIMO based Adaptive Channel Dependent Scheduling

Orthogonal multi-user (MU) MIMO based adaptive channel dependent scheduling takes advantages, such as frequency and user diversities from frequency channel dependent scheduling ‎[1] and additional orthogonal diversity from orthogonal multi-user MIMO scheduling ‎[2] ‎[3]. The main concept is that, if the RBs are favourite to multi-user MIMO UEs, Node-B considers multiple UE transmission on the same RBs, while if no proper UE can be paired, the Node-B considers single UE transmission on the best RB where the UE experiences.

 The bandwidth information and pilot channel from each UE are required.

· Transmission bandwidth information accommodated based on the amount of traffic requested from each set of UE.
· Pilot channel over the accommodated transmission bandwidth. 
From the pilot channel, the CQI information such as signal-to-noise ratio (SNR) and orthogonality between UEs over the assigned frequency RBs can be obtained. Based on the CQI, Node-B makes a decision as follows:
· Whether single UE transmission or multi-user MIMO transmission.

· Transmission band to each set of UE.
The algorithm for the adaptive scheduling at Node-B, as an example, is described as follows:

· Each UE transmits its available maximum bandwidth information and pilot channel over the available bandwidth.

· Node-B estimates the SNR and calculates the orthogonality between UEs for each RB.
· Node-B decides whether multi-user MIMO transmission or single UE transmission for each RB based on both frequency channel dependent scheduling ‎[1] and orthogonal multi-user MIMO scheduling manner ‎[2].
· If a proper multi-user MIMO UE pair is found based on orthogonal multi-user MIMO scheduling, Node-B updates the control channel for that RB, where the control channel information includes multi-user MIMO mode and paired UE index.
· If not, Node-B determines an active UE based on frequency channel dependent scheduling, and updates the control channel for that RB, where the control channel information includes single UE transmission mode and single UE index.
· Once all the RBs are scheduled to UEs, Node-B sends the control information to relative active UE, in terms of UE transmission mode (either paired UEs or single UE), and avaible RB index.
The flowchart for this adaptive scheduling, as an example, is illustrated in Figure 1.
4 Conclusions

This contribution has presented an adaptive scheduling for SC-FDMA system, by combining both frequency channel dependent scheduling and orthogonal multi-user MIMO scheduling. The adaptive scheduling has a flexible ability to switch the transmission mode between single UE transmission and multi-user MIMO transmission based the RB channel conditions. The aim to employ this adaptive scheduling is to achieve three dimensional diversities, namely, frequency diversity, user diversity and orthogonal diversity, and meanwhile to improve the UE coverage performance.
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Figure 1: An example of Node-B adaptive scheduling flowchart.































































































































































� The orthogonal multi-user MIMO can be implemented on either localized frequency sub-carriers or distributed frequency sub-carrier. The former achieves a significant gain due to the frequency orthogonality, while the latter should consider somewhat degradation due to the less orthogonality. Nevertheless, the benefits of whether using localized RB or distributed one should be further studied.
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