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1 Introduction
An orthogonal access in the uplink promises increased spectral efficiency by eliminating intra-cell interference [1]. Another important consideration for the EUTRA uplink is the peak-to-average-power ratio (PAPR) due to limited UE transmit power and its impact on coverage. Single-carrier based FDMA (Frequency Division Multiple Access) approach with FFT-precoding and cyclic prefix to support efficient frequency-domain equalization at the receiver can potentially meet the above objectives. Both localized and distributed FDMA transmission schemes are considered in order to provide the frequency-domain scheduling and frequency-diversity transmissions based on the user channel conditions and other criteria.

In this contribution, we provide details on multiplexing of physical layer control and data channels and some PAPR results.
2 Multiplexing of Localized and Distributed FDMA
In both Localized and Distributed FDMA, for low PAPR, transmitted signals are FFT precoded prior to IFFT operation. The subcarriers carrying the target data is decided by mapping from FFT to IFFT. In LFDMA (Localized FDMA), the target data is transmitted on contiguous subcarriers (Frequency domain scheduling) while in DFDMA (Distributed FDMA), the target data is transmitted on evenly scattered subcarriers (Frequency diversity).
The switching between LFDMA and DFDMA can be dynamically controlled based on Node B scheduling decision. The DFDMA transmission is mainly useful for high mobility users requiring frequency-diversity because fast frequency-domain scheduling cannot be performed due to inability to track the fast-varying channel. On the other hand, LFDMA transmission is used for obtaining frequency domain scheduling (FDS) gain for low-to-medium mobility users. However, the trade-off between the FDS gain and the UL pilot overhead for CQI estimation needs to be carefully investigated.

The contention-based transmissions are allowed for random access, scheduling request and possibly others data such as delay sensitive small size packets, in which multiple users are allowed to simultaneously use a certain frequency and time resource.
3 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. Typically, a single OFDM symbol worth of pilot is needed. However, under high mobility situations, pilot overhead could increase by transmitting more TDM pilots by the Node B’s decision. The periodic pilot transmission for measurement of uplink channel quality for the frequency domain scheduling mode can also be considered. However, trade-off between the pilot overhead and FDS performance benefit needs to be investigated.
The CQI is separately FFT-precoded and transmitted in DFDMA mode to exploit frequency-diversity. The ACKCH is used to carry ACK/NACK indication for the received DL shared channel data. The ACK/NACK information can be scattered in time-frequency to benefit from time-frequency diversity. However, a single tone within an OFDM symbol is transmitted for the ACK/NACK with possible repetition over multiple OFDM symbols within a TTI. The ACK/NACK is separately transmitted with other UL physical channels.
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 resource request is separately FFT precoded and transmitted in DFDMA mode.

The random access channel (RACH) is transmitted in contention-mode. The RACH is separately FFT precoded and also transmitted in DFDMA mode.
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Figure 2: Multiplexing of uplink physical channels
4 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:

· Only data and data dependent signalling information are transmitted in DFDMA mode 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 additional simulation assumptions:
· 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.
5 Conclusion
In this contribution, we have discussed the single-carrier based uplink transmission schemes, DFDMA and LFDMA. The DFDMA transmission is mainly useful for high mobility users requiring frequency-diversity because fast frequency-domain scheduling cannot be performed due to inability to track the fast-varying channel. On the other hand, LFDMA transmission is used for obtaining frequency domain scheduling (FDS) gain for low-to-medium mobility users. The switching between LFDMA and DFDMA can be dynamically controlled based on Node B scheduling decision.
We also 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. 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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