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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#82bis [1], following agreements and working assumptions were made on frequency hopping for MTC.
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
Agreements:
· If/when frequency hopping is applied to a DL/UL physical channel, 
· Location of the PRB(s) is the same during YCH=X consecutive subframes
· YCH  is configured per CE level
· Frequency hopping for SIB1bis is always used at least for system bandwidth ≥ 5MHz
· Configuration of frequency hopping 
· for paging M-PDCCH and MTCSIBx is in a cell-specific manner
· For paging, FFS the corresponding PDSCH
· for RAR/msg3/msg4, is per “coverage level” (including non-CE) in a cell-specific manner
· for unicast is per UE, in a UE-specific manner
In addition, detail of frequency hopping pattern was proposed in R1-156363.
This contribution discusses the remaining issues on frequency hopping for MTC.
Discussion
Frequency hopping of SIB1bis
For SIB1bis, frequency hopping is always used at least for case of system bandwidth>=5MHz  and frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth. How to determine 2 or 4 narrowbands used for frequency hopping is based on cell ID and system bandwidth according the agreement. Following options would be possible.
· Option 1: 2 or 4 narrowbands are mirroring around center frequency.
· Option 2: 2 or 4 narrowbands have fixed offset.
· Option 3: All possible combinations are considered for 2 or 4 narrowbands used for frequency hopping.
Although Option 3 has the best inference randomization effect, if time location of SIB1bis is determined by PCID, some of SIB1bis transmission can be randomized. As Option 1 and 2 would be simpler and Option 2 could obtain equal frequency diversity gain among all possible combinations, we prefer Option 2.  The initial narrowband of SIB1bis is determined by PCID and system bandwidth. The assignment of initial narrowbands determines the used set of narrowbands based on option 2.
On frequency hopping sequence, we consider Rel.12 PUSCH based hopping can be applied and the detail of frequency hopping pattern proposed in R1-156363 is reasonable.
Proposal 1: Multiple sets of narrowbands for Sib1bis are predefined in the spec based on the offset expressed as (system bandwidth/2) or (system bandwidth/4). The assignment of initial narrowbands determines the used set of narrowbands.
Proposal 2: Same hopping sequence as Rel.12 PUSCH is applied among sets of narrowbands for SIB1bis frequency hopping.

Frequency hopping other than SIB1bis
For M-PDCCH/PDSCH, frequency hopping occurs between 2 or 4 narrowbands according to the per cell configuration.
On how to determine the narrowbands used for frequency hopping for M-PDCCH/PDSCH, the same options can be considered as SIB1bis above. From simplicity and diversity gain perspective, our preference is Option 2. Therefore, multiple sets of narrowbands for M-PDCCH/PDSCH are predefined in the spec based on the offset expressed as (system bandwidth/2) or (system bandwidth/4). In addition, the assignment of initial narrowbands determines the used set of narrowbands based on Option 2.
For PUSCH/PUCCH, frequency hopping takes place between 2 narrowbands. 
On how to determine the narrowbands used for frequency hopping for PUSCH/PUCCH, the same options can be considered as SIB1bis above. For PUSCH, our preference is Option 2. For PUCCH, if PUCCH is located with the same narrowband with PUSCH, our preference is option 2. If PUCCH is located different narrowband from PUSCH, our preference is option1. In all cases, multiple sets of narrowbands for PUSCH/PUCCH are predefined in the spec. In case of option2, it is based on the offset expressed as (system bandwidth/2). In case of option 1, it is based on mirroring around center frequency. 
On frequency hopping sequence, we also consider Rel.12 PUSCH based hopping can be applied and the detail of frequency hopping pattern proposed in R1-154363 is reasonable.
Proposal 3: Multiple sets of narrowbands for M-PDCCH/PDSCH are predefined in the spec based on the offset expressed as (system bandwidth/2) or (system bandwidth/4). 
Proposal 4: Multiple sets of narrowbands for PUSCH are predefined in the spec based on the offset expressed as (system bandwidth/2). 
Proposal 5: If PUCCH and PUSCH are same narrowband, multiple sets of narrowbands for PUCCH are predefined in the spec based on the offset expressed as (system bandwidth/2). If PUCCH and PUSCH are different narrowband, multiple sets of narrowbands for PUCCH are predefined in the spec based on the mirroring around center frequency.
Proposal 6: The assignment of initial narrowbands of M-PDCCH/PDSCH/PUSCH/PUCCH determines the used set of narrowbands.
Proposal 7: Same hopping sequence as Rel.12 PUSCH is applied among sets of narrowbands for M-PDCCH/PDSCH/PUSCH/PUCCH frequency hopping.

Frequency hopping time domain granularity
In order to support cross-subframe channel estimation, frequency hopping of narrowband needs to be designed to switch the frequency location every YCH subframes, where YCH is equal to length of subframes used for cross-subframe channel estimation (i.e. YCH=X). YCH is configured per CE level according to the agreement. In RAN1 RRC parameter email discussion, there was the discussion that YCH is counted regardless of invalid subframe. If 40 bit invalid bitmap and YCH candidate value is only {1, 2, 4, 8}, different YCH still allows the frequency hopping.
Proposal 8: YCH value is only {1, 2, 4, 8} and YCH is counted regardless of invalid subframe.

Conclusion
This contribution discusses the remaining issues on frequency hopping for MTC and we have the following proposals:
Proposal 1: Multiple sets of narrowbands for Sib1bis are predefined in the spec based on the offset expressed as (system bandwidth/2) or (system bandwidth/4). The assignment of initial narrowbands determines the used set of narrowbands.
Proposal 2: Same hopping sequence as Rel.12 PUSCH is applied among sets of narrowbands for SIB1bis frequency hopping.
Proposal 3: Multiple sets of narrowbands for M-PDCCH/PDSCH are predefined in the spec based on the offset expressed as (system bandwidth/2) or (system bandwidth/4). 
Proposal 4: Multiple sets of narrowbands for PUSCH are predefined in the spec based on the offset expressed as (system bandwidth/2). 
Proposal 5: If PUCCH and PUSCH are same narrowband, multiple sets of narrowbands for PUCCH are predefined in the spec based on the offset expressed as (system bandwidth/2). If PUCCH and PUSCH are different narrowband, multiple sets of narrowbands for PUCCH are predefined in the spec based on the mirroring around center frequency.
Proposal 6: The assignment of initial narrowbands of M-PDCCH/PDSCH/PUSCH/PUCCH determines the used set of narrowbands.
Proposal 7: Same hopping sequence as Rel.12 PUSCH is applied among sets of narrowbands for M-PDCCH/PDSCH/PUSCH/PUCCH frequency hopping.
Proposal 8: YCH value is only {1, 2, 4, 8} and YCH is counted regardless of invalid subframe.
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