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1 Introduction
Frequency hopping was discussed at the last meeting and the following agreements were achieved:
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:
· 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

· Two CE modes are specified for RRC_CONNECTED UEs:

· CE Mode A describes a set of behaviours for no repetitions and small number of repetitions

· CE Mode B describes a set of behaviours for large number of repetitions

· The CE mode is signalled to the UE 

· For each physical channel, there may be some common numbers of repetitions which can be used in CE Mode A and CE Mode B

· Detailed association of DCI formats, CSI feedback, etc. is FFS

· 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

This contribution discusses the hopping pattern if frequency hopping is used. The more complex is the overall design of frequency hopping, the more likely that practically using it is difficult due to many resource constraints an eNB operates with, and thus the less likely the feature is to be used to its best extent. From eNB scheduling point of view, a simple frequency hopping pattern with no collision is preferable.
2 For common messages
SIB1bis is always hopping at least for system bandwidth ≥ 5MHz and takes place between 2 or 4 narrowbands depending on the system bandwidth per the agreements. In addition, the configuration for MTC SIBx is a cell-specific manner. eNB manipulating not too many frequency hopping patterns is desirable to achieve a feature which not unnecessarily complex and is thus likely to be practically deployed. Therefore, it is expected to use the same frequency hopping pattern for all MTC SIBs.

CSS will be created to schedule at least paging and RAR, and the CSS candidates for different CE levels are implied by agreements to be nested with the same starting subframes as analyzed in [1], so that UE can still possibly decode CSS correctly even when the CE level eNB is transmitting in does not match the one UE was assuming. Such a CSS design applies to each of configured narrowbands for paging. Meanwhile, if frequency hopping is used, the configuration for paging M-PDCCH is cell-specific, and for M-PDCCH/PDSCH, frequency hopping occurs between a per cell configurable number of narrowbands of 2 or 4 per agreements. Hence, a simple hopping pattern can be as an example as illustrated in Fig. 1, in which there are two narrowbands (NB0 and NB7) at the carrier edges are configured for M-PDCCH frequency hopping. 

Regarding the granularity for CSS for paging YCH-PCSS, we have to keep in mind that the nested resources are required for different CE levels. If YCH-PCSS is configured per CE level per agreement, e.g., L1 for CE level 1, L2 for CE level 2, L3 for CE level 3, as illustrated in Fig. 2, from the starting subframes the resources for three CE levels are nested, but scattered away when they start hopping per independently configured granularity. Alternatively, as illustrated in Fig. 1 if the granularity YCH-PCSS is the number of repetitions for the largest level (level 3) in the cell, i.e., YCH-PCSS = L3, then M-PDCCH for at least one of the three CE levels is not hopping actually; if YCH-PCSS = L1 like the middle part in Fig. 1, M-PDCCH for CE level 1 is not hopping, and there are two hops for CE level 2 and four hops for CE level 3; similarly, if YCH-PCSS = L2 in the rightmost part of the figure, M-PDCCH for both CE levels 1 and 2 is not hopping and there are two hops for CE level 3. Therefore, in order to keep the nested resources for different CE levels, it is recommended that the granularity is configured to be the same for all CE levels. 
The frequency hopping granularity for PDSCH carrying paging if configured frequency hopping can use the same as that for M-PDCCH or a different one. However, the same and common granularity is preferable to keep the frequency hopping easily deployed. 
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Fig. 1: Illustration for M-PDCCH for paging configured with frequency hopping
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Fig. 2: Frequency hopping granularity for CSS for paging is configured per CE level
Proposal 1: MTC SIBx share the hopping pattern of SIB1bis for simplicity. 
Proposal 2: The frequency hopping granularity for CSS for paging is the same for different CE levels. The PDSCH carrying paging shares the same frequency hopping pattern including the narrowband and the hopping granularity for simplicity. 
3 For unicast
Although unicast is UE specific and it was agreed that the frequency hopping configuration for unicast is per UE, in a UE-specific manner, the frequency hopping pattern needs to be designed from eNB perspective to avoiding hopping collision and keeping consecutive resources for non-MTC, at least for PUSCH. As discussed and proposed in [2], all available narrowbands used for MTC unicast are cell specific and broadcast by eNB; otherwise, all defined narrowbands will be available narrowbands by default. If configured frequency hopping, the frequency hopping pattern including narrowbands and hopping granularity would be configured as well. 

It was agreed the starting subframes for an M-PDCCH USS is configured at least for CE and as discussed and proposed in [1] that it is preferable to configure cell-specifically the same starting subframes for different CE levels and UEs may monitor multiple candidates with different numbers of repetitions responding to different CEs for the sake of adaptive adjustment of CE [3]. Similar to M-PDCCH for paging, the granularity for M-PDCCH USS can be configured to be as shown in Fig. 1 the number of repetitions for M-PDCCH for either CE level. 
According to the agreements, the starting subframes for M-PDCCH is configured and known before decoding M-PDCCH. However, the starting subframes for PDSCH is a fixed timing between the end of M-PDCCH repetition and the repetition level for PDSCH/PUSCH is dynamically indicated in DCI. Hence, from eNB point of view, PDSCH transmissions for different UEs probably have overlap in time-domain as they have different starting and ending subframes. Presumably, if frequency hopping is enabled for PDSCH and not using a cell-specific hopping pattern, it might be hard to avoid hopping collision. Therefore, it is favourable to have a cell-specific mirroring hopping pattern with a cell-specific hopping granularity as shown in Fig. 1.  
Proposal 3: Define a cell-specific mirroring hopping pattern. If unicast hopping is used, it follows the cell-specific mirroring hopping pattern. 
There was a working assumption that for PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands. It fulfills the spirit of frequency hopping design for eNB easily manipulating hopping and no frequency collision when hopping. Therefore, it is proposed to confirm the working assumption. 
Proposal 4: Confirm the following working assumption:

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

Proposal 5: Frequency hopping pattern with YCH is cell specific for unicast transmission

· YCH for M-PDCCH USS can be configured to be, e.g., equal to the number of repetitions of M-PDCCH USS for any of the configured CE levels. 
· YCH for M-PDCCH USS and YCH for PDSCH can be the same. 
· Whether frequency hopping is used for unicast PDSCH is UE-specific. 
3.1 Frequency hopping for CE mode A

It was agreed to define two CE modes in RRC_CONNECTED, i.e., CE Mode A describes a set of behaviours for no repetitions and small number of repetitions; CE Mode B describes a set of behaviours for large number of repetitions. The approved RRC parameters for Rel-13 LTE eMTC include the frequency hopping related parameters, e.g., number of narrowbands for frequency hopping, frequency hopping interval, frequency hopping activation, etc. However, it is not clear whether the frequency hopping related parameters only apply to CE mode B only or both except the agreement that MTC SIB1bis is always hopping. For example, if frequency hopping interval is configured per CE level, what is it for CE Mode A?
The patterns discussed above are narrowbands hopping from one edge of the carrier to the other to achieve frequency diversity as legacy PUCCH does for CE mode B. Within the frequency hopping time granularity configured for CE Mode B, either no repetition or repetition for CE Mode A might be completed, so actually obtaining diversity for e.g. re-transmissions of PDSCH is limited. Therefore, CE Mode A may only support a frequency hopping pattern which uses the same narrowband in all subframes of the transmission. If frequency hopping is configured, this can be achieved by setting the granularity for CE Mode A to infinite; or by defining a hopping pattern always in the same narrowband, and the hopping granularity value is then irrelevant. 
Proposal 6: If frequency hopping is configured for CE Mode A, the hopping interval can be set to infinite, meaning the frequency hopping pattern uses the same narrowband in all subframes of the transmission. 
4 Conclusions

This contribution discusses frequency hopping granularity considering all relevant agreements achieved, which leads to the following proposals: 
Proposal 1: MTC SIBx share the hopping pattern of SIB1bis for simplicity. 

Proposal 2: The frequency hopping granularity for CSS for paging is the same for different CE levels. The PDSCH carrying paging shares the same frequency hopping pattern including the narrowband and the hopping granularity for simplicity. 

Proposal 3: Define a cell-specific mirroring hopping pattern. If unicast hopping is used, it follows the cell-specific mirroring hopping pattern. 

Proposal 4: Confirm the following working assumption:

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

Proposal 5: Frequency hopping pattern with YCH is cell specific for unicast transmission

· YCH for M-PDCCH USS can be configured to be, e.g., equal to the number of repetitions of M-PDCCH USS for any of the configured CE levels. 
· YCH for M-PDCCH USS and YCH for PDSCH can be the same. 
· Whether frequency hopping is used for unicast PDSCH is UE-specific. 
Proposal 6: If frequency hopping is configured for CE Node A, the hopping interval can be set to infinite, meaning the frequency hopping pattern uses the same narrowband in all subframes of the transmission. 
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