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1 Introduction
In RAN WG1 #50bis, some general concepts were agreed for uplink frequency hopping in PUSCH [1]. In this contribution, we discuss the detailed hopping scheme which utilizes the predefined hopping approach based on the agreement.

2 UL Hopping in PUSCH
2.1 Hopping and mirroring

In the agreed way forward, the maximum bandwidth of N RBs was introduced which can be allocated to a frequency hopping UE. 
· N is the maximum amount of bandwidth (resources) which can be allocated to a hopping UE 
· N= N_RB /M 

· N_RB = total number of RBs used for PUSCH transmission.

· Maximum M value is [2-4]. 

To be able to support the allocation of N consecutive RBs, it is desirable that the basic unit for hopping pattern is N RBs because if the amount of hopped RBs or shifted RBs is smaller than N RBs, the fragmentation in the scheduled RBs can happen.

Given the hopping unit as N RBs, following hopping schemes can be considered.

· N-RBs group based hopping: A hopping between groups having N RBs.  For example, if N RBs are set to a half of PUSCH bandwidth, the amount of hopping distance should be a half of PUSCH bandwidth.
· Mirroring within N RBs: RBs are transposed to the opposite side within N RBs.
We prefer to apply N-RBs group based hopping at every hopping instance to guarantee good frequency diversity gain while mirroring can be activated or deactivated. Therefore, there are two possible hopping candidates, H0 and H1 as seen in Figure 1. 

· H0:  Only hopping to other N-RBs group is applied without mirroring as seen in Figure 1(a). 
· H1: After hopping to other N-RBs group, mirrored transposition is performed within N RBs as seen in Figure 1(b). 
It is noted that Figure 1 shows the example of having N as the half of PUSCH, which means M is 2.  If M is larger than 2, more hopping candidates can be generated because the number of possible locations for N-RBs based hopping is increased.
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Figure 1. N-RBs group based hopping only and N-RBs based hopping with mirroring 

2.2 Cell-specific hopping pattern
The main motivation of having multiple hopping candidates is to increase the number of different hopping patterns. If we assign the different hopping pattern to each cell, we can avoid the collision between cells, i.e. we can achieve inter-cell interference randomization. 
Figure 2 shows an example of performing hopping by selecting one of hopping candidates. Which hopping candidate is selected is determined by the predefined pattern. Figure 1(a) describes the case of inter-subframe hopping only and Figure 2(b) shows the case of the intra and inter-subframe hopping. 
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Figure 2. Examples of inter-subframe hopping only and intra/inter-subframe hopping
Figure 3 represents the example of having different hopping pattern between cells. To generate cell specific patterns, cell specific pseudo-random sequences can be used.
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Figure 3. Examples of the cell-specific hopping patterns 
3 Conclusion

Based on above discussion, followings are proposed to support LFDMA with hopping in PUSCH.

· Hopping candidates are generated by the combination of

· N-RBs group based hopping 
· Mirroring on/off within N RBs

· Hopping can be determined by selecting one of hopping candidates based on cell specific hopping pattern. 
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