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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#82 [1], following agreements were made on frequency hopping of MTC-SIB1.
Agreements:
· Confirm working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth>=5MHz.
· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.
· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB
· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth.
· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).
In addition, following agreements were made on frequency hopping.
Agreements:
· YCH (frequency hopping granularity) is either predetermined or semi-statically configured (i.e., not dynamically indicated)
· FFS whether a single YCH value or multiple values are supported (e.g., for different coverage levels, for different channels, etc.)
· A cell-specific value of YCH is applicable at least for paging and RAR transmissions at least for the case when the repetition number is greater than the cell-specific value YCH.
· FFS on paging and RAR with the repetition number is equal or smaller than YCH
· FFS on other transmissions
This contribution discusses the design of frequency hopping for MTC.
Discussion
Frequency hopping of MTC-SIB1
For MTC-SIB1, frequency hopping is always used at least for case of system bandwidth>=5MHz where there are two candidates on the number of narrowbands used for frequency hopping: 1) 2 narrowbands 2) 4 narrowbands.
In case MTC-SIB1 frequency hopping takes place between 2 narrowbands, frequency hopping only occurs between 2 narrowbands. How to determine 2 narrowbands used for frequency hopping is based on cell ID and system bandwidth according the working assumption. Following options would be considered.
· Option 1: 2 narrowbands are mirroring around center frequency. Take 10MHz case as an example, there are 8 narrowbands. The combinations of 2 narrowbands used for frequency hopping are (NB#0, NB#7), (NB#1, NB#6), (NB#2, NB#7), (NB#3, NB#4). Among 4 combinations, the narrowbands used for frequency hopping is determined based on cell ID.
· Option 2: 2 narrowbands have fixed offset. Take 10MHz case as example and offset is 4 (narrowband index order), the combinations of 2 narrowbands used for frequency hopping are (NB#0, NB#4), (NB#1, NB#5), (NB#2, NB#6), (NB#3, NB#7). Among 4 combinations, the narrowbands used for frequency hopping is determined based on cell ID.
· Option 3: All possible combinations are considered for 2 narrowbands used for frequency hopping. Take 10MHz case as example, there are 28 possible combinations of 2 narrowbands. Among 28 combinations, the narrowbands used for frequency hopping is determined based on cell ID.
Option 1 and 2 would be simpler and Option 2 could obtain equal frequency diversity gain among all possible combinations. However, Option 1 and 2 would suffer the lack of interference randomization effect especially in case of 5MHz system bandwidth operation and/or when Rel.13 MTC usage is dominant in the cell. Even in case of 10 MHz system bandwidth operation, only 4 combinations are available while the number of neighboring cells could be more than 4 in the realistic cell deployment so some cells may collide in terms of SIB1 transmission.
Considering above discussion, Option 3 would be better if Option A is adopted.
Proposal 1: If Option A is adopted, the option of all possible combinations is considered for 2-narrowbands frequency hopping of SIB1.

In case MTC-SIB1 frequency hopping takes place between 4 narrowbands, there are two issues to be considered. One is how to determine 4 narrowbands used for frequency hopping similar to the discussion for 2 narrowbands case above. The other is frequency hopping sequence (or pattern) design. On how to determine 4 narrowbands used for frequency hopping, similar options could be considered:
· Option 1: 4 narrowbands are mirroring around center frequency. Take 10MHz case as example, there are 6 possible combinations of 4 narrowbands used for frequency hopping. (NB#0, NB#1, NB#6, NB#7), (NB#2, NB#3, NB#4, NB#5), (NB#0, NB#2, NB#5, NB#7), (NB#1, NB#3, NB#4, NB#6), (NB#0, NB#3, NB#4, NB#7), (NB#1, NB#2, NB#5, NB#6). Among 6 combinations, the narrowbands used for frequency hopping is determined based on cell ID.
· Option 2: 4 narrowbands has fixed offset. Take 10MHz case as example and offset is 2 (narrowband index order), the combinations of 4 narrowbands used for frequency hopping are (NB#0, NB#2, NB#4, NB#6), (NB#1, NB#3, NB#5, NB#7). Between 2 combinations, the narrowbands used for frequency hopping is determined based on cell ID.
· Option 3: All possible combinations are considered for 4 narrowbands used for frequency hopping. Take 10MHz case as example, there are 70 possible combinations of 4 narrowbands. Among 70 combinations, the narrowbands used for frequency hopping is determined based on cell ID.
For the hopping sequence (or pattern) with 4 narrowbands, following frequency hopping (FH) patterns would be considered:
· FH pattern 1: Mirroring based. For example, when a set of narrowbands used for frequency hopping is (NB#0, NB#2, NB#4, NB#6), hopping is performed as (NB#0->NB#6->NB#2->NB#4).
· FH pattern 2: Fixed offset based. For example, when a set of narrowbands used for frequency hopping is (NB#0, NB#2, NB#4, NB#6), hopping is performed as (NB#0->NB#2->NB#4->NB#6).
· FH pattern 3: Fixed pattern based. For example, when a set of narrowbands used for frequency hopping is (NB#0, NB#2, NB#4, NB#6), hopping is performed as (NB#0->NB#4->NB#2->NB#6). This option might include above two options.
· FH pattern 4: Random function based (like PUSCH type 2 hopping). For example, when a set of narrowbands used for frequency hopping is (NB#0, NB#2, NB#4, NB#6), the narrowband used for frequency hopping is determined based on random function among (NB#0, NB#2, NB#4, NB#6).
Similar to the discussion for 2 narrowbands case, Option 1 and 2 would be simpler and Option 2 could obtain equal frequency diversity gain among all possible combinations. The interference randomization effect could depend on the combination of options on how to determine 4 narrowbands and FH patterns. However, if FH pattern 4 (PUSCH type 2 like hopping) is used, interference randomization effect could be obtained by frequency hopping regardless which 4 narrowbands are selected.
In Option B, 2 or 4 narrowbands could be selective. In this case, Option 1 or 2 would be sufficient for 2 narrowbands case and 4 narrowbands case due to simplicity and common design. It is related with which narrowband is determined. Regarding hopping sequence among 4 narrowbands, PUSCH type 2 like hopping should be used in order to obtain interference randomization effect.
Proposal 2: If Option B (between 2 and 4 narrowbands) is adapted, to determine 2 and 4 narrowbands for frequency hopping can be simple and common design like 2 narrowbands are mirroring around center frequency or 2 narrowbands has fixed offset.
Proposal 3: When MTC-SIB1 frequency hopping takes place among 4 narrowbands, PUSCH type 2 like hopping (random function based hopping) is used.

In addition, in deciding which Option (2 narrowband always or selection of 2 or 4 narrowbands) is specified, other than MTC-SIB1 should also be considered. Option A could have simplicity if other than MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell. While, if other than MTC-SIB1 supports 4 narrowbands or more, simplicity of Option A is not valid and in this case, Option B would be better. In case of Option B (between 2 and 4 narrowbands), the MIB joint coding as proposed in [2] can indicate 2 narrowbands or 4 narrowbands.
Proposal 4: Option B (between 2 and 4 narrowbands) is taken.

Frequency hopping other than MTC-SIB1
We are proposing in [2] to have primary narrowband and multiple secondary narrowbands within the system bandwidth in order to transmit large repetition of unicast and common channels and to accommodate large number of MTC UEs. For other than MTC-SIB1, if MTC-SIB1 frequency hopping takes place between 2 narrowbands, the other hopping could be realized by increasing the 2 narrowbands combination further. If MTC-SIB1 frequency hopping takes place among 4 narrowbands, the other hopping could be realized by increasing the 4 narrowbands combinations further. The collision between these narrowbands needs to be avoided. The hopping pattern of these multiple narrowbands needs to have common hopping pattern.
Proposal 5: For other than MTC-SIB1, if MTC-SIB1 frequency hopping takes place between 2(4) narrowbands, the other hopping could be realized by increasing the 2(4) narrowbands combination further.

Frequency hopping time domain granularity
For large repetition case, 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 or larger than length of subframes used for cross-subframe channel estimation. The YCH should be cell-specific regardless of the actual number of repetition. 

We discussed in [3] that even for no/small repetition case, the use of frequency hopping is beneficial as shown in our link level evaluation result [4]. Then, whether to use cell-specific hopping pattern or not should be considered. Packing efficiency could be improved if no/small repetition also uses part of cell-specific hopping pattern same as large repetition. However, it increases the latency of no/small repetition case. One approach would be that UE-specific repetition with non-cell specific hopping is used up to certain number of repetition while larger number of repetitions follows the cell-specific hopping pattern. For example, when YCH = 5 as the cell-specific hopping granularity for large repetition, R(semi-static repetition number)>=5 follows the cell specific hopping pattern. On the other hand, the hopping occurs at  when R<YCH.
For common channels, depending to the support of unicast large repetition case, it follows cell common hopping pattern.
Proposal 6: For unicast large repetition case, cell-specific frequency hopping granularity (e.g., YCH=5) is used.

Proposal 7: For unicast up to cell-specific hopping granularity repetition, UE-specific repetition with non-cell specific hopping is used. For example, assuming R is the semi-static repetition number and YCH = 5 as the cell-specific hopping granularity for large repetition, the hopping occurs at   when R<YCH.
Proposal 8: For common channels except MTC-SIB1, if the cell supports large repetition case, to follow unicast large repetition case. If the cell does not support large repetition case but to support Rel. 13 MTC, it follows unicast small repetition case.
Conclusion
This contribution discusses the design of frequency hopping for MTC and we have the following proposals:
Proposal 1: If Option A is adopted, the option of all possible combinations is considered for 2-narrowbands frequency hopping of SIB1.
Proposal 2: If Option B (between 2 and 4 narrowbands) is adapted, to determine 2 and 4 narrowbands for frequency hopping can be simple and common design like 2 narrowbands are mirroring around center frequency or 2 narrowbands has fixed offset.
Proposal 3: When MTC-SIB1 frequency hopping takes place among 4 narrowbands, PUSCH type 2 like hopping (random function based hopping) is used.
Proposal 4: Option B (between 2 and 4 narrowbands) is taken.
Proposal 5: For other than MTC-SIB1, if MTC-SIB1 frequency hopping takes place between 2(4) narrowbands, the other hopping could be realized by increasing the 2(4) narrowbands combination further.
Proposal 6: For unicast large repetition case, cell-specific frequency hopping granularity (e.g., YCH=5) is used.

Proposal 7: For unicast up to cell-specific hopping granularity repetition, UE-specific repetition with non-cell specific hopping is used. For example, assuming R is the semi-static repetition number and YCH = 5 as the cell-specific hopping granularity for large repetition, the hopping occurs at   when R<YCH.
Proposal 8: For common channels except MTC-SIB1, if the cell supports large repetition case, to follow unicast large repetition case. If the cell does not support large repetition case but to support Rel. 13 MTC, it follows unicast small repetition case.
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