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1 Introduction
Frequency hopping was discussed online and offline by emails and the following agreements were achieved at RAN1#82: 
Agreement:

· 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 frequency hopping granularity taking into account the above agreements and other agreements regarding to control channel, data channel, common messages, etc. 

2 Discussion on frequency hopping granularity

To design the frequency hopping pattern, all relevant agreements are worth taking into account:

· At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz (RAN1#82).
· For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers.  (RAN1#81)
· In FDD and HD-FDD with cross-subframe scheduling, the PDSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends, where k is defined by other agreements. (RAN1#82)
· A starting subframe of an M-PDCCH UE-specific search space is configured at least for enhanced coverage.  (RAN1#81)
· For paging, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level. (RAN2#91)

· Postpone repetitions till the next available subframe in case unavailable subframes are aligned between eNB and UE. (RAN1#82)
· Working Assumption: M-PDCCH common search space (CSS) is necessary at least for paging and RAR. (RAN1#82)
· Confirm the working assumption to use M-PDCCH scheduled PDSCH carrying paging record(s). (RAN1#82)
· One or more narrowbands can be configured by eNB for paging. (RAN1#82)
2.1 For common messages
The frequency hopping pattern for MTC SIB-1 is defined in specification, but the parameters such as the narrowbands used and the frequency hopping granularity YCH-SIB is predefined or indicated in MIB. Further discussion on details about MTC-SIB1 frequency hopping refers to [1]. 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 the CSS candidates for different CE levels are implied by agreements to be nested with the same starting subframes as analyzed and proposed in [2], 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 configured, the hopping pattern can be as an example as illustrated in Fig. 1. There are two narrowbands (NB0 and NB7) at the carrier edges are configured for M-PDCCH frequency hopping in the example. 

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 either 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. 
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
Proposal 1: YCH is cell specific for common messages.

· 
YCH for other SIBs is the same as that for MTC SIB-1.
· 
A common cell specific value of YCH for M-PDCCH for paging and PDSCH carrying paging is preferable, e.g., can be configured to be equal to the number of repetitions of M-PDCCH for any of the configured CE levels. 
2.2 For unicast
As discussed and proposed in [3], all available narrowbands used for MTC unicast are cell specific and broadcast by eNB and one of them is configured to UE for unicast transmission. If configured frequency hopping, the frequency hopping pattern including narrowbands and hopping granularity would be configured as well. Although unicast is UE specific, 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.
It was agreed the starting subframes for an M-PDCCH USS is configured at least for CE and as discussed and proposed in [2] 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 [4]. 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 2: 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 can be used for PDSCH. 
2.3 Granularity and invalid subframes

Before eNB configures the number of repetitions it knows which and how many subframes are invalid subframes, so eNB can either configure a number counting in invalid subframes (drop the transmission in invalid subframe) or configure a number only counting in valid subframes (postpone transmission to next valid subframe), and the former number should be larger than the latter number. 
Given it has been agreed that “Postpone repetitions till the next available subframe in case unavailable subframes are aligned between eNB and UE” for handling of subframes not available for repetitions, so eNB will configure the number of repetitions precluding invalid subframes. Therefore, for the cell-specific hopping pattern, the hopping granularity does not include invalid subframes either. 
Proposal 3: The cell-specific hoping granularity does not include the invalid subframes. 

3 Conclusions

This contribution discusses frequency hopping granularity considering all relevant agreements achieved, which leads to the following proposals: 
Proposal 1: YCH is cell specific for common messages.

· 
YCH for other SIBs is the same as that for MTC SIB-1.
· 
A common cell specific value of YCH for M-PDCCH for paging and PDSCH carrying paging is preferable, e.g., can be configured to be equal to the number of repetitions of M-PDCCH for anyof the configured CE levels. 
Proposal 2: 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 can be used for PDSCH. 
Proposal 3: The cell-specific hoping granularity does not include the invalid subframes. 
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