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1
Introduction

Two main proposals to extend DFT-S-OFDM to wider bandwidths in the uplink are N*DFT-S-OFDM and Clustered DFT-S-OFDM [1]. This contribution compares the feasibility of N*DFT-S-OFDM and clustered DFT-S-OFDM from different system aspects point of view. 
2
Bandwidth extension 
This section compares N*DFT-S-OFDM and Clustered DFT-S-OFDM from bandwidth extension point of view. 
Aggregation of non-contiguous component carriers
It has been pointed out that aggregation of non-contiguous component carriers (CC) may be more likely bandwidth extension scenario than aggregation of continuous CCs. One of the main benefits of N*DFT-S-OFDM relates to the bandwidth scalability: 

· N*DFT-S-OFDM has inherent support for aggregation of non-adjacent frequency bands, and component carriers of different sizes. 

· N*DFT-S-OFDM can be made with minimum changes in the specifications. All configurations can be seen just as parallel Rel-8 transmission.
As pointed out in reflector discussions, in the case of non-adjacent frequency bands, clustered DFT-S-OFDM is extended to N * clustered DFT-S-OFDM, since it cannot be assumed multiple frequency bands are covered with a single DFT/IDFT. This means that

· Support of clustered DFT-S-OFDM means automatic support for N*DFT-S-OFDM
· Clustered DFT-S-OFDM introduces different bandwidth extension solutions in the case of adjacent and non-adjacent frequency bands. This is not inline with the principle that the RAN1 specifications should be agnostic to the component carrier frequencies.
Control signalling:
Regarding the selection between N*DFT-S-OFDM and clustered DFT-S-OFDM, on key design aspect is the HARQ operation with multiple component carriers. It is noted that component carrier -specific, HARQ, AMC, PC is natural choice with N*DFT-S-OFDM. It is also noted that N*DFT-S-OFDM contains the same HARQ solution for both adjacent and non-adjacent CC aggregation.

Clustered DFT-S-OFDM utilizes common HARQ/TB for all component carriers. This provides potential saving in signaling overhead but this is made at the expense of UL performance in certain scenarios. Furthermore, it is noted that the room for CC-specific PC is very limited in clustered DFT-S-OFDM, due to the PAR aspect.
As discussed in [3] there is a close relation between the UL bandwidth extension scheme and DL control channel selection: if clustered DFT-S-OFDM is the only scheme used for extending the uplink bandwidth, clearly to provide robust system operation UL grants must be transmitted using joint PDCCH approach. It is also noted that due to the lack of flexibility, a dedicated PDCCH solution is needed for every CC aggregation options, including the number of component carriers and the CC sizes. This will significantly increase the specification complexity.

Component carrier specific PDCCH is the most natural DL control signalling choice with N*DFT-S-OFDM. Moreover, there are no such restrictions related to DL control signalling arrangement in the case of N*DFT-S-OFDM.
Other system aspects:
Although clustered DFT-S-OFDM has slightly lower cubic metric than N*DFT-S-OFDM, the difference is typically only in the order of 0.2 - 0.3 dB and sometimes even negative [2, 3]. Hence the CM shouldn't be the deciding factor in the selection between the two. Furthermore, taking into account the case of non-contiguous carrier aggregation with multiple transceivers, the CM comparison does not make any sense as several power amplifiers are needed anyway.
Regarding the implementation aspects, it has been pointed out that N*DFT-S-OFDM supports similar hardware implementation for both contiguous and non-contiguous carrier aggregation. Furthermore, since DFT-S-OFDM has to be implemented anyhow for compatibility reasons, the additional complexity of N*DFT-S-OFDM is quite limited. Yet another point regarding the receiver implementation is that N*DFT-S-OFDM would enable the processing parallelization / distribution to independent processing pipes better than clustered DFT-S-OFDM approach.
Given the above aspects, our preferred option to extend DFT-S-OFDM to wider bandwidths in the uplink is N*DFT-S-OFDM.
3
Clustered subcarrier mapping inside the component carrier
It has been proposed, e.g., in [4] to apply principle of clustered DFT-S-OFDM inside the component carrier. The goal of this proposal is to allow non-contiguous RB mapping in order to increase the scheduler flexibility and thereby to improve the system performance. 
We are thinking that non-contiguous RB assignment can be considered as a way to improve the UL system performance. However, we see that real performance gains in multi-user scenario must be achieved, before adopting non-contiguous RB mapping in the LTE-Advanced system.  These gains should be verified with simulations taking into account realistic receiver and scheduler algorithms and e.g. UL channel sounding using SRSs.
4
Summary

We have discussed the feasibility of N*DFT-S-OFDM and clustered DFT-S-OFDM from different system aspects point of view. We propose that UL bandwidth extension in LTE-Advanced is based on N*DFT-S-OFDM. 

Regarding the non-contiguous RB mapping inside the component carrier, we are thinking that it is acceptable approach if significant performance gain in multi-user scenario can be shown with realistic simulations. 
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