
3GPP TSG RAN WG1 Meeting #43




   
 




  R1-051343
Seoul, Korea, November 7-11, 2005
Agenda item:
8.1
Source: 
Samsung 
Title: 





Data and Control Channel Multiplexing in SC-FDMA for EUTRA Uplink
Document for:
Discussion 
1 Introduction

On the multiplexing of pilot, shared control, and shared data channels in SC-FDMA for EUTRA uplink, three candidate structures have been included in the lately revised TR 25.814 [1] according to the agreement in the last San Diego meeting. In the three multiplexing structures, it is common that data-dependent control information (e.g., TFRI) are time-multiplexed with data, while both TDM and FDM approaches are under consideration for the multiplexing of data and data-independent control information such as CQI and ACK/NACK for downlink packet. In this contribution, we further elaborate on the time-multiplexing structure for data and data-dependent control. Two alternative structures for the multiplexing are considered: multiplexing within an identical block or multiplexing into different blocks. 
2 Multiplexing structure 
In Figure 1, the two approaches for time-multiplexing data and data-dependent control are shown. 
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Figure 1. Structures for time-multiplexing data and data-dependent control channels
The TDM structures shown in Figure 1 are based on the sub-frame format given in the TR 25.814 [1] and illustrate the differences between the two TDM approaches. In the first approach shown in Figure 1(a), the data and data-dependent control are multiplexed within an identical block, which is the 1st long block (LB) in the figure as an example. The long and short blocks are assumed to consist of M and M/2 symbols, respectively. In the 1st LB, the resource remaining after being allocated to the control channel is used for data. The other long blocks are allocated to data only. Cyclic prefix is added to each block after IFFT. While the figure shows frequency domain processing based on FFT and IFFT, it is straightforward to apply the time-multiplexing structure to time domain processing cases. At the receiver, data demodulation can start right after the successful decoding of the control information.
On the other hand, in Figure 1(b), data and data-dependent control information are multiplexed into different LBs. The number of control channel symbols, L, is assumed to be less than M. 
Transmitting different number of symbols in the data and control LBs results in different bandwidth occupancies between the LBs for data and control as seen in Figure 2(b). However, in the first approach to time-multiplex within an identical block, the data and control share the scheduled whole band simultaneously as seen in Figure 2(a). This is a key difference between the two approaches. 
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Figure 2. Frequency resource utilization of the two TDM structures
Since the control channel would require much less information than data channel in most cases, a number of data symbols, proportional to the allocated bandwidth, can share the same block with the control channel, as seen in Figures 1(a) and 2(a). A problem with the second TDM approach is that utilization of the unused resource seen in the first LB of Figure 2(b) can lead to more complicated channel design for multiplexing whole uplink physical channels, e.g., pilot multiplexing for the other UE’s channel multiplexed into the unused resource. Also, it is noted that with the second TDM approach, the data block size will be larger than that of the first approach since the block containing the data-dependent control is not utilized for data.
Since the data-dependent control channel will accompany a data channel, multiplexing the control and data within a same block will simplify the whole channel structure and enable simple, efficient utilization of the frequency and time resource. It should also be noted that since the data and data-dependent control share the identical band in the first TDM approach, the pilots located in the SBs can be fully utilized in channel estimation for demodulating the control and data channels.
3 Conclusion
In this contribution, we have discussed two time-multiplexing structures for data and data-dependent control (e.g., TFRI) channels in EUTRA uplink: multiplexing within an identical block or multiplexing into different blocks. Multiplexing the data and data-dependent control channels within a same block would lead to simpler channel design for multiplexing whole uplink physical channels and efficient utilization of the whole resource without degrading the channel estimation for the data and data-dependent control channels. The final decision on the structure for multiplexing the data and data-dependent control channels should be made taking into account the resulting overall channel structure including other uplink physical channels and impact on the performance.
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