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1 Introduction
An orthogonal access in the uplink based on SC-FDMA has emerged as the dominant scheme due to its promise for higher spectral efficiency and lower PAPR for Evolved UTRA. The SC-FDMA transmission can be realized based on either time-domain processing or frequency-domain processing [1].  In [1], it is shown that frequency-domain processing provides some attractive benefits over time-domain processing. Therefore, discussion on data/control multiplexing in this contribution is based on the assumption of frequency-domain processing of SC-FDMA. In addition to discussions on multiplexing of physical layer control and data channels, we also provide some PAPR results.
2 Multiplexing of Data and Physical Layer Signalling

The physical layer signalling for the uplink can be divided into two broad categories:

· Data dependent signalling:  The data dependent physical layer signalling always accompanies data transmission in the uplink. An example of this signalling type is HARQ and AMC information for UL transmissions. 
· Data Independent signaling: This type of signaling could be transmitted both in the presence and absence of data transmission. Examples are RACH, Resource request, CQI, ACK/NACK, etc.
The data dependent signaling information (e.g. HARQ and AMC information) can be multiplexed at the input of FFT along with data symbols as shown in Figure 1. The multiplexing at the FFT input results in low PAPR and low H/W complexity.
The data independent signaling information (e.g. RACH, Resource request, CQI, ACK/NACK, etc.) is separately FFT precoded and multiplexed at the input of IFFT as shown in Figure 1. The separate FFT precoding for data independent signaling provides greater flexibility in resource allocation for the physical layer signaling channels. For example, predefined frequency resources can be allocated to data independent signaling. The separate frequency resource assures that data and signaling transmission maintain orthogonality in a frequency selective channel. However, separate FFT precoding of data independent physical channels may result in slight increase in PAPR that is dependent on the number of parallel physical channels and frequency resource allocated to each of the channels. The PAPR results are provided in a subsequent section.
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Figure 1: Multiplexing of data and physical layer signaling
The multiplexing of different uplink physical channels is shown in Figure 2. The HARQ and AMC information for the uplink data is multiplexed at the FFT input along with data symbols. The uplink pilot is time-multiplexed with data at the FFT input. The periodic pilot transmission for measurement of uplink channel quality for the frequency selective scheduling mode can also be considered. However, trade-off between the pilot overhead and frequency selective scheduling performance benefit needs to be investigated.
Each of the data independent physical layer signaling channels is separately FFT-precoded as seen in Figure 2. Further details on multiplexing the channels are currently under investigation. The ACKCH is used to carry ACK/NACK indication for the received DL shared channel data. The resource request for UL traffic data can be transmitted in the contention mode when no UL traffic data is being transmitted. However, in case that UL traffic data is being transmitted, the resource request can be piggybacked on data. The random access channel (RACH) is transmitted in contention-mode. 
Considering the characteristic of the information carried on each physical channel, it may happen that data, CQI and ACK/NACK are transmitted simultaneously using separate FFTs resulting in the highest PAPR. The PAPR results are shown in the next section.
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Figure 2: Multiplexing of uplink physical channels
3 PAPR Simulation Results

The peak-to-average-power ratio is an important consideration for RF amplifier performance at the UE. A low PAPR is desired for maximum power amplifier efficiency, i.e., little or no power backoff required. The PAPR simulations have been performed in order to compare the PAPR for the following transmission cases:

· Data and data dependent signalling information are transmitted using a single FFT
· CQI and ACK/NACK signals are transmitted in parallel with data using separate FFTs as shown in Figure 2
· OFDM PAPR is approximated by CDF of a complex Gaussian signal
The PAPR results are shown in Figure 3 and Figure 4, and based on the following simulation parameters:
· No pulse shaping and no windowing used
· Data – using QPSK or 16-QAM, Physical layer signalling – using QPSK
· IFFT size: 1024
· Number of useful subcarriers: 601
· FFT size
· Data(M1)= 32, 256, CQI(M2)=4, ACK/NACK(M3)=1
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Figure 3: PAPR results for data-QPSK, control-QPSK, data FFT size = 32 (left) and 256 (right)
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Figure 4: PAPR results for data-16QAM, control-QPSK, data FFT size = 32 (left) and 256 (right)
We observe from  Figure 3 that the separate FFT precoding of each physical channel results in the PAPR increase of about 0.5dB and 0.1dB at 0.1 % point for data FFT size=32 and 256, respectively. Furthermore, Figure 4 shows that in case of 16-QAM for data, the PAPR increase due to the separate FFT precoding is nearly negligible. This is due to the fact that 16-QAM itself results in much larger PAPR than QPSK and data power in 16-QAM cases is quite large compared to that of control signals.
Another important observation is that in all the considered cases, the FDMA schemes show approximately 2 dB lower PAPR than that of OFDM.
4 Conclusion
We discussed the multiplexing of data and uplink physical layer signalling. Our observations suggest that data dependent physical layer signalling such as AMC and Hybrid ARQ information could be multiplexed at the input of FFT. However, data independent physical layer signalling such as RACH, Resource request, CQI, ACK/NACK, etc. are separately FFT precoded and mapped to orthogonal subcarriers at the input of IFFT. The separate FFT-precoding of data independent physical layer signaling provides greater flexibility in resource allocation to these control channels. For example, predefined frequency resources can be allocated to data independent signaling. The separate frequency resource assures that data and signaling transmission maintain orthogonality in a frequency selective channel. However, separate FFT precoding of data independent physical layer signaling results in slight increase in PAPR, which is dependent on the number of parallel physical channels and frequency resource allocated to each of the channels.
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