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1. Introduction 
Since UE has one tx antenna in general, it is difficult to apply MIMO scheme per UE. Therefore, the MIMO scheme, in which several UEs transmit their data simultaneously, is considered in uplink. This scheme is so called Collaborative Spatial Multiplexing (CSM) or Virtual MIMO. 
The increment of uplink throughput is expected through CSM when channel conditions of UEs meet certain criteria such as high CINR and channel orthogonality between UEs.  Therefore, CSM cannot guarantee the performance without channel orthogonality, even though UEs have high CINR. 
In this case, we can introduce orthogonal CSM (OCSM) scheme using the Hadamard orthogonality between UEs keeping the data rate as in single user allocation and this gives the more reliable link quality so that goodput per UE becomes better. 
2. Orthogonal Collaborative Spatial Multiplexing (OCSM)
Figure 1 shows the uplink transmission scheme. When UEs transmit their data as shown in Figure 2, it is CSM or Virtual MIMO scheme with data rate 2 while single user allocation has data rate 1. If UEs transmit their data with orthogonality as in Figure 3 where Sk is the data of kth UE, it is OCSM scheme with date rate 1. 
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Figure 1. Uplink transmission
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Figure 2. Transmission of CSM scheme
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Figure 3. Transmission of OCSM scheme
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Figure 4. Transmission of single user allocation scheme

From a standpoint of power, OCSM requires the same amount of energy consumption per UE to keep the identical CINR as in single user case.  However, the instantaneous power per one OFDM symbol per UE is half of single user case, and this results in lower probability that the peak in time domain reaches the limit of power amplifier. That means that the signal distortion due to the clipping of peak can be reduced. 
From another aspect, if UE in OCSM scheme keeps the power per one OFDM symbol, overall energy per UE is doubled to that of single user case so that CINR per UE becomes higher. As a result, keeping the power per one OFDM symbol gives the opportunity to assign the higher modulation order and/or higher code rate to UEs even though there is insufficient power headroom in each UE. This situation brings out the more throughput by inputting more power from two UEs. However, keeping the power per UE of OCSM in the cell boundary gives the more inter-cell interferences into the other cells, therefore, it is desirable to configure OCSM scheme with at least one UE within area near the node B.
3. Conclusion 
In this contribution, we introduced OCSM scheme and described the advantages. OCSM scheme can be used with single user allocation and/or CSM in order to enhance the uplink. We summarize the properties of OCSM scheme as follows:
· When applying OCSM with the same power per UE as in single user allocation case, we can expect the more reliable link or more data transmission.
· Under the same power situation as above, it is desirable that at least one of two UE in OCSM scheme is located within area near the node B
· When applying OCSM with the same energy per UE as in single user allocation case, we can reduce the power per UE and occurrence of peak signal clipping in time domain as a result.
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