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1. Introduction

At the TSG RAN WG1 meeting #54bis in Prague and in the e-mail reflector after the meeting, extending the uplink radio access scheme to support a wider bandwidth, i.e., carrier aggregation, were discussed. The Clustered DFT-Spread (DFTS)-OFDM and N x DFTS-OFDM are the main candidates for supporting a wider bandwidth [1]-[6]. In this contribution, we investigate an appropriate way to extend the uplink radio access scheme to support a wider bandwidth in LTE-Advanced.

2. UL Radio Access to Support Wider Bandwidth
In the e-mail reflector, the following two proposals for extending DFTS-OFDM to wider bandwidths in the LTE-Advanced uplink were mainly discussed.

· Clustered DFTS-OFDM
· N x DFTS-OFDM
However, the UE transmitter configuration including the RF transmitter and power amplifier (PA) is highly dependent on the carrier aggregation methods, i.e., discontinuous spectrum aggregation and continuous spectrum aggregation. Therefore, we should discuss the uplink radio access schemes separately for each case.
2.1. Discontinuous Spectrum Aggregation Case

In discontinuous spectrum aggregation, a simple UE structure has independent inverse fast Fourier transforms (IFFTs), digital-to-analog converters (DACs), RF transmitters, and PAs for the respective frequency bands as shown in Fig. 1. This figure is based on that from [5]. Such a UE structure for discontinuous spectrum aggregation was also mentioned in [2] and [6]. We should reach the same view that the independent IFFTs associated with RF transmitter including PA are necessary for discontinuous spectrum aggregation.
Therefore, the discussion between Clustered DFTS-OFDM and N x DFTS-OFDM, i.e., the discussion on the need for multiple DFT blocks for a single IFFT is relevant to the continuous spectrum aggregation case within one IFFT block.
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Figure 1 – UL radio access scheme for discontinues spectrum aggregation
2.2. Continuous Spectrum Aggregation Case

In the continuous spectrum aggregation case, a simple UE structure has only one IFFT, one DAC, one RF transmitter, and one PA within a continuous frequency band as shown in Fig. 2. This figure is the same as those in [1],[2],[4],[5]. Possible merits for N x DFTS-OFDM are (1) commonality with the structure for the discontinuous spectrum aggregation case and (2) component carrier-specific adaptive modulation and coding (AMC) as some companies mentioned in the e-mail reflector. However, we are not sure that the benefits are really relevant as explained below.
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Figure 2 – UL radio access schemes for continues spectrum aggregation
(1) Commonality with the structure for the discontinuous spectrum aggregation case

Since N x DFTS-OFDM has multiple DFT blocks within one IFFT block, it is different from the structure for the discontinuous case in which a UE has different IFFT blocks for the respective frequency bands. Although the same DFT building block as that for Rel-8 LTE can be used, we believe that this only a minor merit.
On the contrary, the peak-to-average power ratio (PAPR) for N x DFTS-OFDM is increased compared to that for Clustered DFTS-OFDM. We believe that having a low PAPR is an important issue even in LTE-Advanced. Therefore, we do not share the view that introducing N x DFTS-OFDM is a merit considering the sacrifice of a low PAPR.
(2) Component carrier-specific AMC

First, even in the case of Rel-8 LTE using a transmission bandwidth up to 20 MHz, a resource block (RB)-common modulation and coding rate control scheme was adopted in the downlink. In a transmission bandwidth wider than 20 MHz for LTE-Advanced, the variation in the received signal-to-interference plus noise power ratio (SINR) among the assigned RBs for a UE decreases compared to that for Rel-8 LTE with 20 MHz. This is due to the increasing frequency diversity effect. Hence, due to the decrease in the difference in the SINR among the assigned RBs for a UE, the merit in using different modulation schemes seems marginal. Furthermore, we do not find any reason to employ different schemes between downlink and uplink.
Second, even if there is merit to using component carrier-specific AMC, our concern is that doing so will require higher linearity and power consumption in order to support it with one DAC and one RF transmitter including a PA (see Fig. 3). Hence, based on these viewpoints, we do not see the merit in employing component carrier-specific AMC. Investigations considering the transmitter configuration are necessary.
Therefore, our conclusion is that Clustered DFTS-OFDM is better than N x DFTS-OFDM. In other words, we do not find any merit in employing N x DFTS-OFDM compared to Clustered DFTS-OFDM.
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Figure 3 – Concern regarding component carrier-specific AMC for N x DFTS-OFDM
3. Conclusion

This contribution presented our views on extending the uplink radio access to support a wider bandwidth. Clustered DFTS-OFDM is better than N x DFTS-OFDM for supporting continuous carrier aggregation using single IFFT, DAC, and IFFT.
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