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1. Introduction

Many technical proposals for LTE-Advanced have been discussed in RAN1 meetings since the IMT-Advanced Workshop in Shenzhen. Several companies have proposed non-continuous resource block allocation strategies for the uplink multiple access scheme. 
In this contribution, we further discuss an uplink enhancement of LTE-Advanced and present a necessity of allowing non-continuous resource allocation in the uplink transmission in order to meet the requirement for LTE-Advanced [1].
2. Motivation for introducing non-continuous resource allocation in uplink
The requirements for LTE-Advanced [1] state that Advanced E-UTRA shall operate in spectrum allocations of different sizes including wider spectrum allocations than those of Rel-8 E-UTRA to achieve higher performance and the target peak data rate, e.g. up to 100 MHz. It is also stated that Advanced E-UTRA and E-UTRAN shall maintain backward compatibility with Rel-8 E-UTRA and E-UTRAN, i.e. a Rel-8 E-UTRA terminal can work in an Advanced E-UTRAN and an Advanced E-UTRA terminal can also work in a Rel-8 E-UTRAN. 
The multiple access scheme with non-continuous resource allocation is consistent with the requirements for LTE-Advanced. Details are summarized as follows:

· Support extended bandwidth

As discussed in [2]-[4], aggregation of component carrier is promising to support extended bandwidth wider than 20MHz without losing backward compatibility with LTE Rel-8.  Each component carrier has the same physical channel structure as LTE. If this solution is applied to uplink, PUCCH is located inside of the total bandwidth, and therefore it is inevitable to support non-continuous resource allocation.
· Performance enhancement of uplink
System performance requirements for LTE-Advanced are challenging. For example, the target for average spectrum efficiency is defined as 1.2 [bps/Hz/cell] for Case 1 with the antenna configuration of 1x2. The non-continuous resource allocation scheme introduced in a component carrier as discussed in [5] can allow us to perform flexible frequency scheduling and meet the performance requirements for uplink.
· Flexibility on PUSCH/PUCCH multiplexing
An extended bandwidth for downlink infers that the amount of control signals including CQI is increased. The capability of flexible data/control multiplexing would effectively avoid overcrowding the whole uplink bandwidth by  uplink control signals.
3. Candidate technologies for LTE-Advanced UL
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Fig. 1: Clustered SC-FDMA (left) and N x SC-FDMA (right)
In this section, we discuss possible techniques to achieve the non-continuous resource allocation in uplink. Two kinds of modified SC-FDMA schemes, i.e., Clustered SC-FDMA and N x SC-FDMA, have been proposed [4]. Block diagrams of Clustered SC-FDMA and N x SC-FDMA are shown in Fig. 1. In Clustered SC-FDMA, a DFT precoded resource block is divided into multiple sub-blocks prior to subcarrier mapping. In N x SC-FDMA, a time domain symbol sequence is divided into sub-blocks before DFT precoding. N x SC-FDMA consists of N parallel SC-FDMA modulators operating in frequency different bands. 
Although both schemes are natural extension of SC-FDMA, they exhibit different PAPR characteristics. One of the main characteristics to be considered is PAPR. We compare PAPR characteristics of Clustered SC-FDMA and N x SC-FDMA. The simulation setup is summarized in Table 1. Two continuous 20MHz component carriers are contained in the system bandwidth of 40MHz. The sub-blocks are equally allocated in the system bandwidth. Fig. 2 shows PAPR characteristics of SC-FDMA, Clustered SC-FDMA and N x SC-FDMA with QPSK modulation. In the case of SC-FDMA, 100 resource blocks are located at the center of the system bandwidth, i.e. the aggregation of component carriers is not assumed. In Fig. 2, the PAPR degrades in both Clustered SC-FDMA and N x SC-FDMA as the number of sub-block increases. Comparing the PAPR of Clustered SC-FDMA with that of N x SC-FDMA, we can observe that Clustered SC-FDMA has an advantage over N x SC-FDMA with respect to power amplifier efficiency. The difference in PAPR between two schemes becomes larger by increasing the number of sub-blocks.
Table 1 Simulation setup
	System bandwidth
	40 MHz (20MHz x 2)

	Modulation
	QPSK, 16QAM

	Number of resource blocks
	100

	Number of sub-blocks in the system bandwidth
(resource blocks/sub-block)
	2 (50)

4 (25)

10 (10)


[image: image2.emf]20MHzx2, QPSK

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

0 5 10

PAPR [dB]

CCDF

SC-FDMA (100)

Clustered (50)x2

Clustered (25x2)x2

Clustered (10x5)x2

NxSC-FDMA (50)x2

NxSC-FDMA (25x2)x2

NxSC-FDMA (10x5)x2


Fig. 2: PAPR comparison of Clustered SC-FDMA and N x SC-FDMA.
In Fig. 1, N x SC-FDMA can be implemented with sub-block specific adaptive modulation. Fig. 3 shows an example of the PAPR characteristic with the sub-block specific adaptive modulation. In N x SC-FDMA with the sub-block specific adaptive modulation, DFT precoded blocks are partitioned into two groups. While QPSK is used in one group, 16QAM is used in another group. A comparison of PAPR characteristics of N x SC-FDMA with various number of sub-blocks per group is shown in Fig. 3. Although the PAPR degradation is observed in Fig. 3, rate of deterioration is moderate. Considering a wide system bandwidth such as 40MHz, where the frequency correlation between component carriers is low, it would be beneficial to apply sub-block specific adaptive modulation to improve the system performance. We should further discuss Clustered SC-FDMA and N x SC-FDMA focusing on their attainable throughput performance as well as the PAPR characteristics.
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Fig. 3: PAPR property of N x SC-FDMA when sub-block specific adaptive modulation is applied.
4. Summary

In this contribution, we have discussed the enhancement of the UL multiple access scheme for LTE-Advanced. Clustered SC-FDMA and N x SC-FDMA are considered as promising candidates for a LTE-Advanced UL transmission scheme. Initial PAPR analyses show that Clustered SC-FDMA has an advantage over N x SC-FDMA with respect to transmission power efficiency. However, it should be emphasized that N x SC-FDMA can take advantage of flexible sub-block separation. N x SC-FDMA can also realize efficient frequency scheduling and link adaptation. Further discussion is needed for LTE-Advanced uplink.
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