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1. Introduction
TDM multiplexing performed prior to DFT was approved as a basic multiplexing method between UL control and data in Seoul Meeting. This paper proposes an efficient way to realize the TDM multiplexing between control and data channels in SC-FDMA based LTE uplink.  It is well understood that reliable L1/L2 control signaling is essential for features like HARQ, link adaptation and channel dependent scheduling. 
Quality of service requirement for control signaling is typically quite high. It should be also noted that adaptive re-transmissions cannot be used with time critical control signalling. Thus, sufficiently reliable control signalling can be difficult to achieve when multiple UEs use the same physical resource block (PRB) as, in the case where multiple virtual MIMO UEs are operating in same cell. This indicates that control signaling which is orthogonal between the UEs is needed. Another case where orthogonal control signals would be desirable is between UEs operating in different cells of synchronized network.
2. Orthogonal Control Transmission 
One possible principle of orthogonal symbol multiplexing based on CDM is shown in Figure 1. In order to guarantee the reliability of control signalling, the control symbols are spread over LB#2, LB#3, LB#4 and LB#5 by means of sector specific Hadamard code. In the case of virtual MIMO, the Hadamard code would be UE specific. It should be noted that the block-level spreading is used on top of DFT-S-OFDMA transmission scheme [1]. The well known property of the block-level spreading is that the orthogonality between the code channels is maintained as long as the radio channel does not change during spreading period. Hence, only adjacent LBs are selected for spreading to maintain the orthogonality also with relatively high UE velocities. 
We would like to point out that the block level spreading (e.g., Hadamard type) is applied for control information only to meet the QoS requirements of the control signalling. Data channel(s) are still transmitted without spreading due to more relaxed QoS requirements.  
We also note that it is possible to use different spreading factors to scale the amount of orthogonal control resources. E.g., with SF=2 it is possible to generate two orthogonal control channels for two UEs paired to operate in Virtual MIMO. In case of single-user MIMO providing two orthogonal resources enables the straightforward use of transmitter diversity for control signaling. Besides the MIMO application, it is possible to generate orthogonal control signals for different UEs operating in different cells of synchronized network. This can be realized e.g., by having SF=3 (with GCL type of spreading codes) for control signalling and applying three different spreading codes based on the frequency reuse pattern of 1/3. This will have positive impact to the control channel coverage. We have plans to contribute the system performance results of orthogonal control channel multiplexing in the next RAN1 meeting. 

[image: image1]
Figure 1. Principle of generating multiple orthogonal data streams with TDM multiplexing.
 
3. Conclusions
In this contribution we presented an orthogonal transmission scheme for control transmission in the case when the UE has both L1/L2 control signals and UL data to be transmitted. In the scheme, orthogonal CDM is used between the control signals transmitted by different UEs in the same PRB. The transmission scheme enhances the efficiency of control signalling especially for UEs in virtual MIMO or in different cells of synchronized network by providing scalable amount of orthogonal control resources for them. Thus, the scheme will improve the control channel coverage in these cases.
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