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1
Introduction
With the Rel.13 new WI “further LTE physical layer enhancements for MTC”, for UEs in enhanced coverage, it was agreed in previous meetings that frequency hopping can be used to reduce the number of repetitions. The frequency hopping can be applied to almost all physical channels, such as PDSCH, M-PDCCH, PUSCH, PUCCH and PRACH, except PBCH and PSS/SSS. Some further agreements on frequency hopping were reached as showing below in last RAN1 meeting.
Agreement:

· MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth

· narrowbands = 2 for system BW of 12-50 RBs

· narrowbands = 4 for system BW of 51-110 RBs

· Confirm the working assumption that the mentioned narrowbands are determined based on cell ID and system bandwidth 

· FFS on how to handle the case if MTC-SIB1 overlaps with PBCH

· Confirm the working assumption that the hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN)

Working assumption:

· For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands

· FFS the case for unicast M-PDCCH/PDSCH

Agreement:

· For M-PDCCH/PDSCH, when frequency hopping is used, frequency hopping occurs between:

· a per cell configurable number of narrowbands of 2 or 4

Agreement:
· YCH  is configured per CE level

· Frequency hopping for SIB1bis is always used at least for system bandwidth ≥ 5MHz 

For the detailed frequency hopping with two or four narrowbands, it is still open. In this contribution we discuss and share our views on the remaining issues of frequency hopping pattern.
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Frequency hopping pattern 
According to the agreements in last RAN1 meeting, 2 narrowbands or 4 narrowbands are used for frequency hopping, thus that the frequency hopping patterns need to be defined separately.

Frequency hopping pattern with 2 narrowbands
Based on previous meeting discussion, at least there are two possible hopping patterns, 
· Option 1: fixed narrowband offset between 2 narrowbands

· Option 2: symmetric hopping between 2 narrowbands, it’s like legacy PUCCH intra-subframe frequency hopping

These two candidate hopping patterns were already adopted by Rel.8 for different channels. Option 1 applies to PUSCH frequency hopping, and Option 2 applies to PUCCH frequency hopping. Considering varies eMTC channels, i.e., M-PDCCH, PDSCH, PUSCH, PUCCH and PRACH channels, could be configured with frequency hopping. Form eNB scheduling point of view, it’s better to use same frequency hopping pattern as much as possible. For M-PDCCH, PDSCH and PDSCH with SIB1bis transmission, the Option 1 is better choice. It could provide the similar frequency diversity for each channel. For PUSCH channel, the Option 1 can be used as well, it could compatible with legacy PUSCH transmission, such that the collision between eMTC PUSCH transmission and legacy PUSCH transmission can be avoid. To avoid the uplink resource segmentation and simplify the eNB scheduling, Option 1 is applied to PRACH too. As for PUCCH, the PUCCH narrowband will be adjacent with legacy PUCCH region, and the PUCCH resource could be possible shared between eMTC PUCCH and legacy PUCCH. The Option 2 can be applied for eMTC PUCCH frequency hopping.  
Proposal 1: For M-PDCCH, PDSCH, PDSCH with SIB1bis transmission, PUSCH and PRACH, fixed narrowband offset is applied for two narrowband frequency hopping; for PUCCH, symmetric hopping between 2 narrowband is applied.
Frequency hopping pattern with 4 narrowbands
For larger system bandwidth, the SIB1bis frequency hopping will take place in 4 narrowbands, and M-PDCCH/PDSCH can be configured hopping among 4 narrowbands. 
· First issue need to be solved for 4 narrowband frequency hopping is how to select the four narrowbands. 
For the PDSCH with SIB1bis transmission, it was agreed that “Frequency location of MTC SIB1 is derived from at least PCID”. It seems the first narrowband for hopping can be derived from the cell ID to randomize the interference among cells. The other narrowbands location can be implicit derived based on fixed offset.

For M-PDCCH configured with 4 narrowbands hopping, at least the first narrowband need to be signalled by higher layer signalling. Other narrowbands can be derived implicitly or explicitly. Such as the fixed frequency offset among the narrowbands or signalled directly.  
As for unicast PDSCH, the first narrowband for hopping could be indicated by DCI, and other narrowbands is derived from fixed frequency offset.
There are several benefits of fixed frequency offset among 4 narrowbands. It can apply to different channels. The narrowband collision for different channels hopping can be avoided, thus it reduce the eNB scheduling limitation. And the signalling overhead is small.
Proposal 2: the first narrowband for M-PDCCH frequency hopping is indicated by higher layer signalling. The frequency offset is fixed among 4 narrowbands. 

· The second issue is how to determine the hopping sequence.
Basically there are two possible alternatives for the frequency hopping sequence as showing below,
· Alternative 1: hopping with the order of narrowband index increase 
· Alternative 2: random hopping among four narrowbands according to the formula

The frequency diversity gain is limited by the number of narrowbands for hopping; at this point there is no big difference between alternative 1 and 2. Also both alternatives can achieve the interference randomization among neighboring cells if same 4 narrowbands are used in different cells. But from the implementation and standard effort point of view, the alternative 1 is simpler and matching the low complexity MTC objective.
Proposal 3: For 4 narrowbands frequency hopping, the hopping sequence is in the order of narrowband index increase.
3
Conclusion
In this contribution, we discuss the frequency hopping pattern and configuration considering the agreements of RAN1#82 bis meeting. Based on our analysis, the following proposals are made. 
Proposal 1: For M-PDCCH, PDSCH, PDSCH with SIB1bis transmission, PUSCH and PRACH, fixed narrowband offset is applied for two narrowband frequency hopping; for PUCCH, symmetric hopping between 2 narrowband is applied.

Proposal 2: the first narrowband for M-PDCCH frequency hopping is indicated by higher layer signalling. The frequency offset is fixed among 4 narrowbands. 

Proposal 3: For 4 narrowbands frequency hopping, the hopping sequence is in the order of narrowband index increase.
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