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1. Introduction

To support uplink bandwidth greater than 20 MHz, two proposals for DFTS-OFDM extension have been discussed - N×DFTS-OFDM and clustered DFTS-OFDM.  This contribution evaluates the two proposals and recommends that N×DFTS-OFDM is selected due to (1) minimum changes to the physical layer specifications, (2) per component carrier HARQ and link adaptation, and (3) similar hardware implementation for both contiguous and non-contiguous carrier aggregation. 
2. N×DFTS-OFDM and Clustered DFTS-OFDM
In the LTE-Advanced uplink, it will not be possible to maintain single-carrier transmission for transmission bandwidth larger than 20 MHz.  N×DFTS-OFDM and clustered DFTS-OFDM are both natural extension of DFTS-OFDM.  Comparative analysis of the two schemes is presented below with respect to specification impact, performance, and implementation.
Impact to RAN1 specifications: With respect to physical layer specifications, N×DFTS-OFDM may be implemented with very little RAN1 specification changes required.  This is because each segment undergoes separate DFT precoding and then mapped into respective component carrier (i.e. conceptually equivalent to using N parallel DFTS-OFDM transmitters).  In addition, this requires MAC layer segmentation and aggregation of data to be used, resulting in the same maximum transport block size per component carrier as in Rel-8. On the other hand, clustered DFTS-OFDM allows for a single DFT precoding in some implementation which will require some changes to the RAN1 specification in order to support larger packet sizes.  This is because the data packet undergoes the coding and modulation process prior to DFT precoding and is then mapped to multiple clusters. However, this process may be different depending on the supported aggregated carriers.  For example, with non-contiguous aggregated carriers in multiple RF bands, multiple DFTs may need to be implemented based on hardware limitation.  This, in turn, requires different treatments based on carrier aggregation deployment scenarios.  As a result, N×DFTS-OFDM enjoys considerable advantage over clustered DFTS-OFDM in term of required changes to RAN1 specifications.
Cubic metric saving: It is well recognized that the CM advantage of DFTS-OFDM is critical for cell-edge coverage where a UE likely transmits at its maximal power using the smallest modulation order. This is one major advantage of clustered DFTS-OFDM which may translate to greater coverage.  However, as noted in [1], cell-edge users will most likely transmit only in one component carrier using DFTS-OFDM.  Additionally, when compared to N×DFTS-OFDM, clustered DFTS-OFDM can provide at most a cubic metric saving of approximately 0.4-0.6dB when contiguous carriers are aggregated [1].  With non-contiguous carrier aggregation in multiple RF bands, the saving reduces and may even disappear when multiple transceivers are required.  When the UE implementation chooses to have multiple transmit chains, the signal phase between each chain before analog combining may be difficult to align precisely. In the case of random phase among clusters, the CM of the composite signal gets worse by 0.6dB (QPSK) and 0.4 dB (16/64-QAM) in the 4-cluster example, as opposed to the phase-aligned case with, for example, a single transceiver implementation.  Since non-contiguous carrier aggregation will be likely in many deployment scenarios due to spectrum fragmentation, cubic metric advantage of clustered DFTS-OFDM is expected to be small.
Performance: Clustered DFTS-OFDM allows for disjoint frequency allocation even within a single carrier.  This may be used to fully take advantage of frequency-selective scheduling or achieve additional frequency diversity. As noted in [2]-[3], some gain is possible with disjoint frequency allocation in 20MHz system although the benefits are somewhat reduced as the number of UEs within the cell increases.  On the other hand, N×DFTS-OFDM provides natural support for per carrier HARQ and link adaptation.  This can be especially beneficial for non-contiguous carrier aggregation as radio link conditions on each carrier are likely to be independent.   Note that when carrier aggregation is used, both schemes allow for disjoint frequency allocation across the aggregated spectrum.   As a result, it is expected that N×DFTS-OFDM will enjoy some performance advantage due to per carrier HARQ and link adaptation.
Hardware implementation: For N×DFTS-OFDM the UE implementation may choose from various options including the obvious one of multiple transmit chains.  In any case, a common architecture may be used regardless of how carrier aggregation is performed (e.g. contiguous versus non-contiguous, RF bands, carrier frequencies, etc).   With clustered DFTS-OFDM, however, different hardware architecture may be required based on expected carrier aggregation deployment scenarios. An illustrative hardware implementation comparison of the two schemes can be found in [4].  As a result, in some non-contiguous carrier aggregation deployment cases, clustered DFTS-OFDM will reduce to N×DFTS-OFDM.  Thus, from a hardware implementation point of view, N×DFTS-OFDM offers greater flexibility and commonality based on Rel-8 platforms already in existence.
Based on the discussion above, it is seen that clustered DFTS-OFDM will require changes to the physical layer specifications and implementation may be dependent on carrier aggregation scenarios (e.g. contiguous versus non-contiguous, RF bands, carrier frequencies, etc).  On the other hand, N×DFTS-OFDM can be implemented with little change to the specifications, and can support per carrier HARQ and link adaptation.  As a result, it is recommended that N×DFTS-OFDM is selected as the DFTS-OFDM extension for LTE-A.
3. Conclusions
This contribution evaluates clustered DFTS-OFDM and N×DFTS-OFDM for uplink access scheme in LTE-A and recommends that N×DFTS-OFDM is selected due to (1) minimum changes to RAN1 specifications, (2) per component carrier HARQ and link adaptation, and (3) similar hardware implementation for both contiguous and non-contiguous carrier aggregation.
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