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Introduction
In RAN1#80, coverage enhancement techniques such as cross-subframe channel estimation and frequency hopping were discussed, and as a result, the following agreements were reached for unicast transmission of PUSCH for Rel-13 low complexity MTC UEs in coverage enhanced mode: 
Agreements:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported
· Multiple-SF channel estimation
· Frequency hopping over system bandwidth across subframes
· Network can enable or disable the hopping
· FFS details of configuration
· FFS on other techniques

In this contribution, we provide the details of the frequency hopping design for uplink transmission of LTE Rel-13 MTC and provide some proposals at the end.

Frequency hopping scheme for Uplink transmission
Based on the above agreements, at least cross-subframe channel estimation and frequency hopping techniques are supported for PUSCH transmission in coverage enhanced mode. Therefore, in order to enable cross-subframe channel estimation at the eNB, frequency hopping period should be aligned with the number of subframes utilised for cross-subframe channel estimation. Furthermore, frequency hopping should be designed in such a way that it can co-exist with the legacy frequency-hopping scheme (i.e. no collision between UEs using different hopping schemes). One way of avoiding collisions is to allocate separate resources for MTC frequency-hopping as shown on Figure 1 below. 
[image: ]
    Figure 1. Frequency-hopping period of Y subframes (Y=10 including retuning time) for PUSCH and PUCCH

The number of PRBs outside the legacy PUSCH hopping region is controlled by the parameter pusch-HoppingOffset () and this parameter can be used to reserve separate resources for MTC UEs. In addition, in order to enable cross-subframe channel estimation, the MTC frequency hopping can be realised on every Y consecutive subframes in which corresponding lower and upper resources are swapped to provide some kind of frequency diversity for MTC PUSCH and possibly for PUCCH transmission. 

If retuning time is included in Y and it is aligned with the number of subframes in one radio frame (i.e. 9 subframes for data transmission and the last subframe for retuning time), then the physical resource blocks () used for transmission in a radio frame (i=SFN mod 10) can be expressed as follows:



  






[bookmark: _GoBack]Where  () and  () are obtained from the scheduling grant and the number of sub-bands  is configured from higher layers.  is an offset in terms of number PRBs (e.g. used for PUCCH) and signalled from higher layers.

The merit of this scheme is that it can be easily supported in the current LTE specification and enables cross-subframe channel estimation at the eNB. It can also reduce the rate of the retuning time. 
 

Conclusion
In this contribution, we have provided some details of the frequency hopping scheme suitable for uplink transmission of LTE Rel-13 MTC. The proposed frequency hopping scheme can be easily supported in the current LTE specification and enables cross-subframe channel estimation at the eNB, so it should be considered for UL transmission of LTE Rel-13 MTC in coverage enhanced mode. 
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