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1 Introduction

It was agreed that localized FDMA with hopping for UL transmission is supported for the purpose of maximising frequency and interference diversity when frequency selective scheduling is not possible. 
In this contribution, we discuss multiplexing structure and hopping pattern to support LFDMA hopping in SC-FDMA uplink. 
2 Multiplexing structure

To support multiplexing between frequency selective scheduling (FS) band and frequency hopping (FH) band, we can have two options, TDM structure and FDM structure as shown in Figure 1 and Figure 2. Following aspects should be considered to compare these structures. 
· Frequency hopping or frequency selective scheduling gain: Usually as the bandwidth is increased, the frequency hopping or frequency selective scheduling gain will be increased. In TDM structure, we can achieve the larger gain of frequency selective scheduling or frequency diversity since either scheme can utilize whole bandwidth. 
· Peak data rate: Since it is almost impossible for one UE to use FH resource and FS resource simultaneously in SC-FDMA, peak data rate is limited as the portion of FS or FH band. TDM structure will provide higher peak data rate than FDM structure since NodeB can allocate whole bandwidth if it is needed in case of TDM structure. 
· Granularity of the resource allocation for FS band and FH band: In TDM structure, FS band and FH band would be allocated with the unit of HARQ process. In FDM structure, FS band and FH band would be allocated with the unit of RU. Considering the total number of HARQ process is about 5~6, FDM structure can provide the finer resolution. Providing the finer resolution may be important in the wider system bandwidth.
Considering above discussion, it is preferred to use TDM structure for simplicity. But in the wider system bandwidth, FDM structure may be needed for the fine resolution of the resource allocation. To minimize the limitation of the FDM structure as pointed out above, it is recommended to support FDM structure like Figure 2(b) rather than Figure 2(a), in which FH band is located in the edge of system bandwidth like uplink control channel. 
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Figure 1  TDM between FS band  and FH band
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Figure 2   FDM between FS band and FH band
3 Frequency hopping pattern
In this section, we discuss some requirements to be considered to design LFDMA hopping pattern taking into account the followings: 

· There should be no collision between hopped LFDMA transmissions from different UEs in the same cell while keeping the single-carrier property. Unlike downlink, it seems difficult to have a quite flexible RU based hopping pattern because UE can be allocated with multiple consecutive RUs.  
· Various frequency hopping patterns are needed to achieve frequency diversity and interference diversity  
· Frequency diversity: Figure 3 is an example of hopping pattern. Two users, who are allocated different sizes of frequency resources, hop at subframe border and over HARQ retransmission keeping single carrier property and maximizing frequency diversity. As shown in [1], both intra-TTI hopping and inter-TTI hopping provides frequency diversity gain. It seems important to define hopping pattern to experience different resource units in each hopping opportunity.
· Interference diversity: Cell-specific hopping pattern for interference diversity between neighboring cells is required. Figure 4 shows possible hopping pattern of a neighboring cell. Even though there are collisions between UEs in two cells at the initial transmission, the inter-cell interference can be randomized by hopping to different frequency resources via retransmissions or by hopping at the subframe border. Considering multiple cell scenario, it is desirable to define cell-specific hoping patterns as many as possible. 

[image: image3]
Figure 3 Example of hopping pattern
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Figure 4 Example of hopping pattern in a neighboring cell
4 Conclusion

In this contribution, we discussed multiplexing structure to support FS and FH transmission. It is preferred to use the TDM structure for simplicity. But the FDM structure may be needed for the fine resolution of the resource allocation in the wider system bandwidth. 

And, the frequency hopping patterns should be designed to maximize the interference diversity as well as the frequency diversity, while keeping the single-carrier property.
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