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1 Introduction

LTE uplink scheduling has been intensively debated for couples of meetings. And now the optimization of dynamic scheduling has been decided, which is semi-persistent scheduling. 
Frequency hopping method also has been debated at RAN 1 for long time since RAN 1 46bis. Frequency hopping can bring the frequency diversity and interference diversity to improve the link performance and system throughput [1-7].
2 Frequency hopping
2.1 Intra TTI FH and Inter TTI FH
Figure 1 illustrates intra TTI and inter TTI frequency hopping. Intra TTI FH is based on slot time, and inter TTI FH is based on TTIs time. As the coding element is one whole TTI, so the intra TTI FH can bring frequency diversity at most scenarios except very high moving speed [8]. Moreover the inter TTI can bring interference diversity at multi-cell layout to improve the system throughput.
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Figure 1 Intra TTI and Inter TTI hopping
2.2 Multiple Continuous RU Allocation 
The normal frequency hopping pattern may cause multiple RUs users use the discontinuous sub carriers to increase the PAPR/CM in uplink [9] [10].
To keep the single carrier character with frequency hoping, the hierarchical solution is used, just as the group containers hopping.

The various granularities users need to fill up in the same size group containers, and the group containers handle the frequency hopping according to the single granularity frequency hoping method, when the location of group container is confirmed, the frequency location of user in the group container can be determined by the relative offset in the group container.

Figure 2 illustrates a simple example of this group hopping method.
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Figure 2 example of this group hopping

The user 1, 2, 3 has the different granularity of RUs, the user 3 fills up in a single group container, and user 2, 3 fill up in another group container. The first step frequency hopping is based on the whole group container, and the second step frequency is based on the inside frequency relative offset in the group container.
3 Uplink semi-persistent schedule and FH
The way forward for UL scheduling is semi-persistent schedule [11]. If the UE can’t find its C-RNTI on the L1/L2 control channel(s), UE can use predefined uplink resources by E-UTRAN for the first HARQ transmissions
At the beginning of a talk spurt, the UE is allocated a semi-persistent time/frequency resource, and lately, UE can request the UL resource for continuous transmission. The release command can be used to release the persistent resource to other users.
During the whole talk spurt, frequency hopping can be used to get the frequency diversity and interference diversity. E-Node B pre-arrange UE the frequency hopping pattern, and user is coming into frequency hopping state, and UE can request resource later, and continue to use the frequency hopping pattern or network re-assign the frequency pattern parameter. When base station blind detection no data transmitting or user request not transmitting or release resource, user pause frequency hopping.
The frequency hopping schedule is compatible with the original semi-persistent scheduling. So the combination between frequency hopping and semi-persistent scheduling is possible. And the combination doesn’t increase more signalling and other overhead.
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Figure 3 combinations between frequency hopping and semi-persistent scheduling

The HARQ retransmission can keep the frequency hopping pattern or use scheduling resource described in [12] to prevent resource fragmentation. 
4 Conclusion
We review the link and system performance of uplink frequency hopping, and the relation between the frequency hopping and semi-persistent scheduling. Moreover provide the combination method between frequency hopping and semi-persistent scheduling, which that combination can’t increase the signalling and overhead, and can bring the more frequency diversity and interference diversity gain.
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