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1 Introduction
In RAN WG1 #46bis, the use of the localised FDMA (LFDMA) with frequency hopping was agreed to achieve frequency diversity gain for the frequency non-selective transmission in PUSCH. In this contribution, we address the multiplexing of the frequency selective scheduling (FSS) transmission and the frequency hopping (FH) transmission. Then we discuss a frequency hopping scheme.

2 Multiplexing structure
In this section, we describe a detailed multiplexing structure to support both FSS transmissions and FH transmissions.
It is preferred that the resource share for the FH transmission and the FSS transmission is configured in FDM manner as illustrated in Figure 1. This multiplexing structure efficiently uses frequency resources by adjusting its frequency resource share according to the amount of resource required for each transmission mode. The amount of resource for FH sub-band is semi-statically configured by D-BCH.
In addition, it is desirable to allocate FH sub-bands at edges of the system bandwidth as shown in Figure 1, which can maximize the frequency diversity by hopping across side sub-bands. This approach is also beneficial for the FSS transmission especially from the peak rate point of view, since it avoids the fragmentation of the centre RBs.
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Figure 1. Example of the multiplexing of FH sub-bands and FSS sub-bands
3 LFDMA with hopping in PUSCH
FH can be performed based on the predefined hopping pattern or it can be dynamically controlled by the explicit signalling via the uplink grant. Between two methods, our preference is to define the predetermined hopping pattern for following advantages. Firstly, it can support inter-TTI hopping without additional uplink grants in synchronous HARQ retransmissions. Secondly, it simply provides the inter-cell interference randomization by setting a different predefined hopping pattern for each cell.
Based on these observations, we discuss a preferred hopping scheme which utilizes the predefined hopping approach in this section.
3.1 Sub-band hopping and mirroring 
We can think of different hopping mechanisms as follows.

· Sub-band hopping: Given the multiplexing scheme mentioned in section 2, we define a sub-band hopping as a hopping across sub-bands at edges of the system bandwidth, which is a reasonable approach to achieve the maximum frequency diversity gain. Especially, it is preferred that the hopping across sub-bands is applied in a slot boundary as illustrated in Figure 2(a) to guarantee the large frequency diversity gain in one transmission. 

· Mirroring: RBs in a FH sub-band are mirrored to the opposite side of the same FH sub-band as shown in Figure 2(b). We consider mirroring as a preferable approach for the hopping within a sub-band, since it is a simple way to achieve frequency diversity gain while maintaining a single carrier property. Mirroring can be done in each slot or each transmission. 

Based on above, the preferred hopping pattern is the combination of sub-band hopping and mirroring to obtain additional frequency diversity gain. An example is shown in Figure 2(c), which includes both sub-band hopping in every slot and mirroring in every transmission.
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Figure 2. Examples of hopping schemes 
3.2 Cell-specific mirroring on/off
One of main requirements in designing of hopping scheme is to provide enough number of cell-specific hopping patterns to achieve inter-cell interference randomization between neighbour cells. However, in SC-FDMA, there is limitation on the number of hopping patterns, since each RB cannot hop almost randomly. A simply way to overcome this limitation is to increase the number of hopping patterns by activating or deactivating mirroring for each slot in a cell-specific manner.  

Figure 3 shows an example of the cell-specific mirroring on/off patterns. Mirroring on/off is determined at every slot boundary. We can observe that even though collision happens in the first transmission, further collision can be avoided due to different mirroring on/off patterns in each cell. To generate cell specific on/off patterns, cell specific pseudo-random binary sequences can be used.
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Figure 3. Examples of the cell-specific hopping patterns (Mirroring on/off patterns for every slot)
4 Conclusion
Based on above discussion, followings are proposed to support LFDMA with hopping in PUSCH.

· FDM of FSS and FH resources

· Locate the FH sub-bands at both edges of the system bandwidth
· The amount of FH sub-bands are semi-statically configured by D-BCH

· Predefined hopping pattern is generated by the combination of
· Hopping across FH sub-bands at edges of the system bandwidth per slot

· Mirroring in each FH sub-band per slot with cell-specific mirroring on/off patterns
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