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1 Introduction

In RAN1 #87 meeting [1], the following agreements on frequency hopping for feMTC UEs with larger maximum channel bandwidth (BW) have been made:
Agreement:
· PDSCH/PUSCH frequency hopping is supported for BL/CE UE operating 5 MHz maximum PDSCH/PUSCH channel bandwidth.

· Reuse Rel-13 frequency hopping RRC parameters.

· FFS how to handle center PRB in odd system bandwidths

· FFS whether wrap-around can occur

· It is up to eNB implementation to ensure that frequency hopping error cases with wrap-around (e.g. for PUSCH or for PDSCH with UE bandwidth smaller than system bandwidth) do not occur.

· This does not preclude specifying a UE behavior for these cases.
· PDSCH/PUSCH frequency hopping can be dynamically enabled and disabled via DCI in CE Mode A

In this contribution, we discuss remaining details of frequency hopping (FH) support for feMTC UEs with larger maximum channel BW. 
2 Central PRB handling in odd system BW
Recall that there is a central PRB that does not belong to any NB for odd system BW. To reserve the single carrier property of PUSCH, it has been agreed that the central PRB can be included in PUSCH allocation [1]. With the central PRB allocation, it is possible that the number of PRBs before and after hopping are different. To support FH with different number of PRBs in each hopped frequency region, the following methods can be considered:
· Different rate matching: different rate matching is applied to the initial and hopped transmissions depending on the number of allocated PRBs. 
· Puncturing: The rate matching is performed with respect to the case where central PRB is allocated. For transmission (before or after hopping) over resources without central PRB, the data on the central PRB is punctured. 

· Blanking: The rate matching is performed with respect to the case where central PRB is not allocated. For transmission (before or after hopping) over resources with central PRB, the allocated PRB with the highest index is left blank.  

With different rate matching, symbol-level combining is no longer supported. With puncturing, there is no coding gain by using the central PRB, while the PSD for transmission with central PRB is reduced given that the total transmission power of UE is fixed. Thus, puncturing method is not beneficial in terms of coverage. Therefore, we propose to adopt the blanking method. 
Proposal 1

· When FH is enabled for PUSCH, the allocated PRB with highest index is left blank if the resource allocation includes the central PRB in case of odd system BW. 
3 On the need of FH for PDSCH with max channel BW of 20MHz
As discussed in our companion contribution [2], it is preferred to have PDSCH resource allocation based on NB to achieve a good tradeoff between scheduling flexibility and overhead. With the NB allocation indicated via starting NB index and number of NBs, the resources may not be able to span across whole system BW with a small number of allocated NBs. In this case, it is beneficial to support FH for PDSCH to achieve frequency diversity gain. In conclusion, with localized resource allocation, or resource allocation based on localized NBs, it is desirable to support FH for PDSCH with max channel BW of 20MHz. 
Proposal 2
· Support FH for PDSCH for UEs with max channel BW of 20MHz, if the resource allocation is localized or based on localized NBs. 
4 Further details of FH method 
As it has been agreed in last RAN1 meeting, the Rel-13 FH RRC parameters are reused for Rel-14 BL/CE UEs with maximum channel BW of 5MHz. The RRC parameters for Rel-13 FH include the number of NBs for MPDCCH and PDSCH FH, FH offset indicated in terms of NB, FH interval for CE mode A and CE mode B, etc. 
To apply these FH parameters to transmissions over more than 1 NB, some of these parameters may be reinterpreted. Specifically, the FH offset can be interpreted in terms of PRB, NB, or Extend NB (ENB) which is defined in our companion contribution [2]. The PRB based FH offset may result in additional scheduling complexity considering backward compatibility, while the ENB based FH offset may reduce the occurrence of FH hopping events due to large FH granularity. Thus, it is preferred to follow Rel-13 eMTC interpretations, i.e. FH offset in terms of NB. Other RRC parameters can also be interpreted the same as Rel-13 eMTC. With these interpretations, the FH method for PDSCH/PUSCH transmission over more than 1 NB works as follows:
· FH occurs every FH interval as indicated by RRC. 

· Consider the NB with smallest index that carries at least one allocated PRB as the reference NB. Perform FH for this reference NB following Rel-13 eMTC FH mechanism. All the PRBs follow the reference NB and hop to new frequency region. 
The above FH method applies to PDSCH with maximum channel BW of 20MHz as well.
Proposal 3
· FH parameters for BL/CE UEs with larger maximum channel BW are interpreted the same as Rel-13 eMTC. 

· The NB with the smallest index that includes at least one allocated PRB works as a reference NB to perform FH, following the same FH mechanism in Rel-13 eMTC. 
5 Conclusion

In this contribution, we discuss the remaining details for FH support, including the handling of central PRB, the need of FH for PDSCH for UEs with max channel BW of 20MHz, and further details of FH mechanism. Based on the discussions above, we make the following proposals:

Proposal 1

· When FH is enabled for PUSCH, the allocated PRB with highest index is left blank if the resource allocation includes the central PRB in case of odd system BW.
Proposal 2
· Support FH for PDSCH for UEs with max channel BW of 20MHz, if the resource allocation is localized or based on localized NBs. 

Proposal 3
· FH parameters for BL/CE UEs with larger maximum channel BW are interpreted the same as Rel-13 eMTC. 

· The NB with the smallest index that includes at least one allocated PRB works as a reference NB to perform FH, following the same FH mechanism in Rel-13 eMTC. 
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