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1. Introduction 

LTE-A requirements indicate support for wider bandwidths than LTE Rel. 8. The following two main uplink access schemes are proposed to extend DFTS-OFDM:

· N x DFT-S-OFDM

· Clustered DFT-S-OFDM
Although Clustered DFTS-OFDM has lower cubic metric, most companies have indicated that they prefer N x DFT-S-OFDM.

The uplink of LTE-A also requires higher spectrum efficiency than for LTE Rel. 8 [1]. However, the LTE-A bandwidth extension is unable to increase spectrum efficiency in spite of high peak data rates, because frequency selective fading becomes serious issue.

To counteract this frequency selective fading and increase wider bandwidth spectrum efficiency, discontinuous resource-block (RB) allocation within one component carrier band is proposed. Clustered DFT-S-OFDM [2]-[4] and OFDM [5] are considered to be the preferable schemes to take advantage of the flexibility of RB allocation.

In this contribution, we demonstrate the benefits of discontinuous RB allocation.

2. Discontinuous RB allocation within one component carrier

2.1. Single transmit antenna case

Discontinuous RB allocation improves the uplink transmission performance in the single transmit antenna case because it increases the frequency-selection diversity effect, which can be called the multi-user diversity effect. Fig. A.2.1 shows a 2 dB gain for discontinuous allocation with both schemes, Clustered DFT-S-OFDM and OFDM.
It is noteworthy that Clustered DFT-S-OFDM has a lower CM than OFDM in spite of discontinuous allocation, as shown in Table. A.2.2.

2.2. Transmit Diversity

Discontinuous RB allocation retains the benefits of TxD. UEs can use more than one transmission antenna in the uplink of LTE-A, and thus TxD is a necessary technique for better uplink performance, especially for UEs at the cell edge. SFBC and CDD are candidates for the uplink TxD modes. As shown in Fig. A.2.3, TxD is 1.5 dB effective even with discontinuous RB allocation, and the TxD advantage is retained with Discontinuous RB allocation. The advantage of Clustered DFT-S-OFDM is that it can directly use the TxD scheme of Rel.8.

2.3. SU-MIMO

Discontinuous RB allocation is also effective in the SU-MIMO mode. SU-MIMO is an essential technique for higher spectrum efficiency because capacity directly improves with the number of spatially multiplexed signals. Fig. A.2.4 shows that discontinuous RB allocation is superior to continuous RB allocation in both Clustered DFT-S-OFDM and OFDM. Incidentally, Clustered DFT-S-OFDM achieves almost the same performance as OFDM.

3. Conclusion 

This contribution shows that discontinuous RB allocation is necessary to meet the requirements of higher spectrum efficiency in the single transmit antenna, TxD and SU-MIMO case.

Appendix A.1 

Simulation parameters are shown in Table A.1.

Table A.1 Simulation Parameters
	Number of subcarriers
	1200 (100 RBs: 20 MHz)

	Number of IFFT points
	2048 points

	Number of RBs allocated to UE
	40 RBs: 8 MHz (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
	Single transmit antenna case  Tx: 1, Rx: 2

Transmit diversity  case         Tx: 2, Rx: 2

MIMO case                           Tx: 2, Rx: 2

	Multipath model
	Typical Urban 6-path Rayleigh


Appendix A.2 - Detailed Simulation Results

Fig. A.2.1 shows a comparison of continuous and discontinuous RB allocation DFT-S-OFDM and OFDM for the single transmit antenna case.
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Fig. A.2.1. FER comparison of the continuous/discontinuous RB allocation for the single transmit antenna case

Table A.2.2 shows the CM performance of Clustered DFT-S-OFDM and OFDM.
Table A.2.2 CM performance

	Modulation
	Clustered DFT-S-OFDM
	OFDM

	QPSK
	2.59 dB
	3.38 dB

	16QAM
	2.83 dB
	3.38 dB


Fig. A.2.3 shows FER performance of Clustered DFT-S-OFDM for the TxD case.
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Fig. A.2.3. FER performance of Clustered DFT-S-OFDM for the TxD case
Fig. A.2.4 shows FER performance of Clustered DFT-S-OFDM and OFDM with continuous and discontinuous RB allocation for the SU-MIMO case. In these figures, linear MMSE is employed for MIMO detection.
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Fig. A.2.4. FER performance of Clustered DFT-S-OFDM and OFDM for the SU-MIMO case
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