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1 Introduction

A new work item of “Further LTE Physical Layer Enhancements for MTC” has been agreed for Rel-13 [2]. This WI proposes to improve coverage of low complexity MTC UEs in Rel-13 by specifying some coverage enhancement techniques such as time domain repetition. In addition, frequency hopping has been identified as a complementary technique to provide diversity gain in order to reduce the number of repetitions [3]. 
Therefore, in this contribution, we discuss the design of frequency hopping schemes tailored for uplink transmission (e.g. PUSCH, PUCCH) as well as downlink transmission (e.g. PDSCH, EPDCCH) for LTE Rel-13 MTC and provide some proposals at the end.
2 Requirements for Frequency hopping design 

For LTE Rel-13 MTC, repetition in time domain has been proposed to provide coverage enhancements. However, as discussed in the past RAN1 meetings, repetition alone results significant cell spectral efficiency degradation as well as more UE power consumption. In addition, if there is persistent interference in the same repeated resources, the receiver would have even more difficult to decode the transmitted data. 
It is well-known that frequency hopping provides service quality improvement through interference averaging and frequency diversity. Therefore, in order to reduce the amount of repetitions and deal with the related issue of persistent interference, frequency hopping should be considered for LTE Rel-13 MTC.
We reiterate the following design requirements for frequency hopping scheme:
· There should be no collision between MTC hopping UEs in the same cell 

· There should be no collision between legacy hopping UEs and new MTC hopping UEs in the same cell 

· Different hopping patterns in neighbouring cells in order to reduce inter-cell interference
· Signalling overhead for informing UEs about common hopping sequence should be kept as small as possible

· It should be possible to enable or disable the frequency hopping for a given UE
3 Frequency hopping schemes for LTE Rel-13 MTC
In RAN1#79, it was agreed to support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications. LS was sent to RAN4 to investigate and determine the retuning/switching time between frequency hops. However, in the meantime, we discuss two possible frequency hopping schemes as follows:

Scheme 1: Frequency-hopping on subframe-by-subframe, in this scheme, the frequency hopping to another narrow band region can be realised on subframe by subframe level (M = 1). An example of this scheme is the legacy UL frequency hopping specified in Release-8. 
Scheme 2: Frequency-hopping on every M subframes, in this scheme, the frequency hopping to another narrow band region can be performed on every M consecutive subframes (M = 4/8/16). The merit of this scheme is that cross-subframe channel estimation can be applied at the receiver. 

3.1 Frequency hopping schemes applicable to Uplink transmission
Based on the above schemes, we now discuss the applicability of these schemes to uplink transmission.
For Scheme 1: Frequency-hopping on subframe-by-subframe, legacy frequency-hopping can be applied to hop between subsequent repetitions of PUSCH transmission on subframe by subframe basis (M = 1). However, the issue is that with the legacy frequency-hopping schemes, eNB cannot apply cross-subframe channel estimation as the resources are changed in very subframe. Another issue may be frequent retuning at the UE will create additional latency to deliver the MTC application. However, as the MTC applications are delay tolerant, perhaps, additional latency is not an issue. Furthermore, it should be noted that retuning time at the UE will not result any performance loss in the cell as the resources in the cell can be assigned to other UEs.

For Scheme 2: Frequency-hopping on every M subframes can be designed in such a way that it can co-exist with the legacy frequency-hopping (i.e. no collision between UEs using different hopping schemes) and also allows cross-subframe channel estimation at the eNB. This can be done by allocating separate resources for the new frequency-hopping scheme as shown on Figure 1 below. The number of PRBs outside the legacy PUSCH hopping region is controlled by the parameter pusch-HoppingOffset (
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) and this parameter can be used to reserve separate resources for Scheme 2. In this case, the frequency hopping can be realised on every M consecutive subframes (M = 4/8/16) in which corresponding lower and upper resources are swapped to provide some kind of frequency diversity for MTC PUSCH and possibly for PUCCH transmission. 
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         Figure 1. Frequency-hopping on every M subframes (M=4) for PUSCH and PUCCH
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 frequency of the retuning time. 
3.2 Frequency hopping schemes applicable to Downlink transmission
For DL transmission, there are no frequency hopping schemes specified in the earlier LTE releases. However, the above schemes could be applicable as follows: 
For scheme 1: Frequency-hopping on subframe-by-subframe, if retuning time is equal or less than three OFDM symbols occupied by PDCCH, the frequency hopping to another narrow band region can be achieved on subframe by subframe level (M = 1).

For scheme 2: Frequency-hopping on every M subframes, if retuning time is more than three OFDM symbols occupied by PDCCH, then, one subframe could be reserved for retuning time. In this case, the frequency hopping to another narrow band region can be performed on every M consecutive subframes (M = 4/8/16).
3.3 Frequency hopping performance
In our accompanying contributions [5-6], the simulation results have shown that the performance difference for different hopping periods (M=1/4/8/16) is marginal when retuning time is not taken into account. However, when retuning time is considered, subframe-by-subframe hopping increases the time it takes to complete the required number of repetitions resulting some performance loss. Therefore, as there is a marginal performance difference for different hopping periods, it seems reasonable to consider a longer hopping period in order to achieve further performance gains from cross-subframe channel estimation and also avoid very frequent retuning time.
Proposal 1: Frequency hopping should be supported between subsequent repetitions of PDSCH/ EPDCCH/PUSCH/PUCCH in time domain for LTE Rel-13 MTC
· FFS hopping every M (M=4/8/16) consecutive subframes
Conclusion

In this contribution, we have discussed the frequency hopping schemes tailored for uplink transmission (e.g. PUSCH, PUCCH) as well as downlink transmission (i.e. PDSCH, EPDCCH) for LTE Rel-13 MTC and we have the following proposals: 
Proposal 1: Frequency hopping should be supported between subsequent repetitions of PDSCH/ EPDCCH/PUSCH/PUCCH in time domain for LTE Rel-13 MTC
· FFS hopping every M (M=4/8/16) consecutive subframes   
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