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1. Introduction

Carrier Aggregation has been discussed to support wider transmission bandwidths than 20MHz in LTE-Advanced [1,2,3,4], and Spectrum Aggregation is being considered for handling non-contiguous spectrum bands owned by an operator. We believe that concurrent with the selection of the UL Multiple Access scheme for the above requirements in LTE-A, a Frequency Diversity scheme should also be employed because of its added benefits in the UL. We describe such an enhanced access scheme in the uplink. Such an MA scheme should also work around the PUCCH-regions and PUCCH-allocated RBs. 

In this contribution, we evaluate the two major MA candidates, “Clustered DFT-S-OFDM” and “OFDM”, from the aspects of the frequency selection diversity gain (FD) and the resulting PAPR considerations, taking into account the PUCCH RB allocation.

2. Summary of the Results

The performance of the Frequency Diversity Scheme (FD) was compared with a non-Frequency Diversity (let us call it “Localized”) scheme for Clustered SC-FDMA and OFDMA. 
We also evaluated the PAPR of Clustered SC-FDMA and OFDMA with the FD scheme compared to a non-FD Localized scheme as impacted by the PUCCH allocation. The Summary of Results is shown in Table 1.

The detailed simulation conditions are in the Appendix A.1. The description of FD and PAPRs are in the Appendix A.2 and their detailed simulation results are in the Appendix A.3. 
Table 1 

	Access scheme
	Frequency Diversity (FD) Gain
	PAPR

	
	
	Frequency Diversity RB Allocation
	Localized RB Allocation split by PUCCH allocations

	Clustered DFT-S-OFDM
	2 dB
	9.3dB
	7.8dB

	OFDM
	2 dB
	10.8dB
	11.0dB


First, we evaluate FD gain of the two schemes. As shown in the FD column, for both the Clustered DFT-S-OFDM and OFDM MA schemes the FD gain is approximately 2 dB, a significant enough gain to suggest its use for the LTE-A MA Scheme. 
Second, we compare PAPR characteristics of the two access schemes under two conditions:  Frequency Diversity RB allocation which takes into account the PUCCH RB allocation by its very design principle; and a Localized allocation which must be split by the PUCCH RB allocation in the multi-band case. The result shows the clear advantage of Clustered DFT-S-OFDM in the case of Localized allocation split by PUCCH. The difference is 3.2 dB, compared with OFDM at C.C.D.F. = 0.01. Even in the case of the Frequency Diversity RB allocation, the PAPR of Clustered DFT-S-OFDM is 1.5 dB lower than that of OFDM.
3. Conclusion

In this contribution, the two major candidates for the uplink of LTE-Advanced, “Clustered DFT-S-OFDM” and “OFDM”, were evaluated from the aspect of FD and related PAPR considerations in case of one transmission antenna port. 
The FD evaluation shows that the FD RB allocation improves throughputs regardless of the access scheme. The PAPR evaluation shows that the Clustered DFT-S-OFDM has a clear advantage especially in multiple LTE bands. 

These result indicate that - 

1. Frequency Diversity has performance gains and should be considered as an integral part of the LTE-A UL MA.

2. Clustered DFT-S-OFDM retains its advantage with the FD enhancement, and is the preferred access scheme (with the FD enhancement).

Appendix A.1 

Simulation parameters are shown in Table A.1.

Ｗe assume UEs use one transmission antenna port to keep the consumed power lower even in bandwidth larger than 20MHz. 
Table A.1 Simulation Parameters
	Number of subcarriers
	1200 (100 RBs: 20MHz)

	Number of IFFT points
	2048 points

	Number of RBs allocated to UE
	40 RBs: 8MHz (480 subcarriers)

	Subcarrier spacing
	15 kHz

	Sampling time
	1/(15000*2048) = 3.25521 * 10-8 sec

	Subframe length
	1 msec

	Number of Symbols
	14

	Modulation
	QPSK/16QAM/64QAM

	Channel coding
	Turbo code (R = 1/2, K = 4)

	Equalizer
	Linear MMSE (DFT-S-OFDM, Clustered DFT-S-OFDM)

	Number of Tx and Rx antennas
	Tx: 1, Rx: 2 [TR 36.913]

	Multipath model
	Typical Urban 6-path Rayleigh


Appendix A.2 
Description of FD scheme and PAPR considerations

A.2.1 Frequency Diversity 
In this section, we evaluate the FD gain in Clustered DFT-S-OFDM and OFDM. They are able to obtain the FD gain with the frequency selected RB allocation, while the uplink scheme in Rel-8 is not able to obtain it.

We evaluate the FD gain only with a smaller bandwidth than 20MHz because FD gain with a smaller bandwidth guarantees the higher FD gain with all the larger LTE-Advanced bandwidth due to the additional selection flexibility.
Figure A.3.1 (a) shows the FER of Clustered DFT-S-OFDM, and Fig.A.3.1 (b) shows the FER of OFDM using the frequency selected RB allocation and the localized RB allocation. Frequency Diversity RB allocation is defined as the way to allocate RBs to a UE with fragmented channels comprising clusters of 4RBs. Localized RB allocation allocates a single bulk of RBs to a UE. The former offers more flexibility than the latter and the flexibility is the benefit of the new two schemes. The simulation parameters are shown in Table A.1.

 The results show that the frequency selected RB allocation outperforms the localized RB allocation in both access schemes and all modulation schemes. 

A.2.2 PAPR consideration of FD versus Localized Split
In this section, we compare the PAPR performances with the single LTE band and plural LTE bands.

First, we show the PAPRs with the “Frequency Diversity RB allocation” over a single LTE band.  An example of Clustered DFT-S-OFDM allocation to this band is shown in Fig. A.2.1. In both schemes, the cluster-size is 4 RBs and these clusters are selected by the scheduler based on the frequency selective channel gain. The other parameters are the same as in Table A.1. In this simulation, QPSK is used as the modulation scheme. Fig. A.3.2 shows that the PAPR performance of Clustered DFT-S-OFDM is 1.5 dB better than that of OFDM at C.C.D.F. = 0.01. 
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Fig. A.2.1. Example of the allocation of Clustered DFT-S-OFDM in single LTE-band usage case

Next, we compare the above with a multiple LTE bands usage case named “Localized RBs allocation split by PUCCH”. In this case, LTE-Advanced must have a capability to allocate RBs by accommodating PUCCH regions. To evaluate this case, we assume that the allocations are fixed to two bulks of 40 RBs with PUCCH inserted in the middle as shown in Fig. A.2.2, which essentially splits the Localized allocation. Especially, the single-carrier spectrum of Clustered DFT-S-OFDM is divided into two fragments allocated adjacent to PUCCH. 

The parameters except modulation scheme and number of IFFT points are described in Table A.1. The modulation scheme is QPSK and the number of IFFT point is 4096. The total number of used RBs is 80 RBs, and the cluster-size, which is the number of used RBs in each LTE band, is 40 RBs. The PAPR performance is shown in Fig. A.3.3. The result shows the advantage of Clustered DFT-S-OFDM. The difference of PAPR is 3.2 dB compared with OFDM at C.C.D.F. = 0.01.
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Fig. A.2.2. Examples of the RBs allocation of Clustered DFT-S-OFDM in two LTE-bands usage case – Localized Split allocation.

Appendix A.3 - Detailed Simulation Results 

Fig. A.3.1  shows the simulation results for the FD scheme. Figs. A.3.2 and A.3.3 show the PAPR evaluations for the FD and localized split allocation case respectively. 
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(a)  Clustered DFT-S-OFDM
                                                    (b) OFDM 

Fig. A.3.1. FER comparison of the frequency selected/localized RB allocation
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Fig. A.3.2. PAPRs of Clustered DFT-S-OFDM and OFDM with the frequency selected RB allocation on the 20MHz band (single LTE band case).
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Fig. A.3.3. PAPRs of Clustered DFT-S-OFDM and OFDM with the localized RBs allocation split by PUCCH (two LTE bands case)
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