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1. Introduction

At the previous RAN1 meetings, the application of frequency hopping to the PDSCH and other channels was agreed upon. At the RAN1#81 meeting, the following agreements were made to identify the alternatives.
Agreements:
· Working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC SIB-1 is always used at least system bandwidth >= 5Mhz

· Working assumption: The frequency location of MTC SIB-1 is determined based on subframe index (and/or SFN), cell ID and system bandwidth. 

· For frequency hopping of a channel CH, 

· YCH (frequency hopping granularity) is determined based on one of the following options

· Alt 1. A common value is used 

· FFS whether YCH is specified in the spec or configured by MIB/SIB1

· Alt 2. Multiple values are used (e.g., a single value per coverage/repetition level)

· FFS the details including mappings

· Alt 3. YCH is variable

· YCH is determined based on repetition number and the number of narrow-bands used for hopping

· One hop per narrowband (one retuning per narrowband)

· Note: Hopping pattern of common channels such as SIBx is cell-specific 

· FFS whether frequency hopping  can be used for LC UEs in non-CE

· FFS on details of mapping between hopping pattern(s) and channels
At the RAN1#82 meeting, although some more agreements on YCH were drawn [1], there are still remaining issues regarding the detailed design for frequency hopping. In this contribution, we describe frequency hopping for the PDSCH although the similar method can be applied to the other channels. Among the alternatives above, we provide our views on preferred frequency hopping patterns for the LC-MTC UEs in enhanced coverage.
2. Frequency Hopping for PDSCH
Frequency hopping is applied in order to obtain the frequency diversity gains and reduce a significant number of repetitions for the LC-MTC UEs in enhanced coverage. According to the previous agreements regarding frequency hopping, it is assumed that cross-subframe channel estimation is performed over the consecutive X subframes using the same NB. Then, NB position is switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y. In our view, the value of X = 4 would be good candidate in terms of the channel estimation accuracy particularly for a larger CE level [2]. Below, for simplicity, retuning time is not included in Y. 
From the system perspective, a unified solution is highly desired irrespective of CE levels. There are some requirements or aspects to be considered when designing the details on frequency hopping. Such requirements include the required number of NBs in order to achieve sufficient frequency diversity gains, less frequent retuning for power consumption reduction, and latency requirement. Frequency diversity gains would be more effective for medium to large CE levels than those for normal and small CE levels. In terms of retuning and latency, less frequent retuning and smaller latency would be preferred for all the CE levels. Since only a single unified solution is not optimum for all the CE levels, we would need different design targets for small CE level and medium/large CE level, respectively. 

For medium/large CE level, from the viewpoint of frequency diversity gains, the use of four NBs may be necessary while the whole bandwidth does not need to be used. For a smaller system bandwidth, even smaller number of NBs for frequency hopping can be considered. When the medium/large CE levels are needed, power consumption reduction would be more important than the latency. Hence, to minimize the number of retuning (or maximize hopping granularity YCH), the number of repetitions for the largest CE level is divided by four (or two) NBs and is applied to both medium/large CE. Such a frequency hopping pattern is shown in Fig. 1, where YCH is common for the medium to large CE levels. Different colors show different frequency hopping patterns in Fig. 1. For medium CE level, a part of the same frequency hopping pattern is reused while YCH is kept the same in order to avoid frequent retuning.

Proposal 1: For the medium and large CE levels, a common frequency hopping granularity, YCH, is used.

Proposal 2: For the medium and large CE levels, the number of consecutive subframes of X= 4 for cross-channel estimation should be supported.

Proposal 3: For the medium and large CE levels, four NBs are used to perform frequency hopping for at least wider system bandwidth.

For small CE level, since the number of repetitions is small, e.g., less than ten, a smaller value of YCH can be used. In other words, if a larger YCH is chosen and discontinuous transmission is applied to the small CE level in order to align frequency hopping patterns among all the CE levels (similar to Fig. 1), larger latency occurs unnecessarily. Also, a smaller value of X and smaller number of NBs must be used. More specifically, YCH = 2 (3, or 4) X = 2, and 2 NBs are used as shown in Fig. 2. In this figure, 2 NBs are assumed. We also note that the NB locations are periodically shifted so that the NB locations is the same as frequency hopping patterns 3 and 4 for medium and large CE levels in Fig. 1. In this way, frequency hopping patterns 1 and 2 in Fig. 1 can be fully utilized without colliding with the NB locations of the small CE levels. Of course, if different NBs for frequency hopping are used between small CE level and medium/large CE level, such a shift of NB locations is not required.

Proposal 4: For the small CE level, frequency hopping granularity, YCH, can be different from and smaller than that for the medium/large CE levels.

Proposal 5: For the small CE level, the number of consecutive subframes of X= 2 for cross-channel estimation should be supported.

Proposal 6: For the small CE level, two NBs are used to perform frequency hopping.
For all the CE levels, the DCI on the M-PDCCH further indicates one of frequency-hopping patterns. In this way, frequency hopping for different numbers of repetitions can be supported. In addition, the same frequency hopping pattern can be applied to the M-PDCCH.
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Figure 1 – Frequency hopping pattern for medium/large CE levels
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Figure 2 – Frequency hopping pattern for small CE level.

3. Conclusion
In this contribution, we described our views on frequency hopping patterns for the PDSCH and possibly for the M-PDCCH according to the alternatives which were identified at the last meeting. We propose the followings. 
Proposal 1: For the medium and large CE levels, a common frequency hopping granularity, YCH, is used.

Proposal 2: For the medium and large CE levels, the number of consecutive subframes of X= 4 for cross-channel estimation should be supported.

Proposal 3: For the medium and large CE levels, four NBs are used to perform frequency hopping for at least wider system bandwidth.

Proposal 4: For the small CE level, frequency hopping granularity, YCH, can be different from and smaller than that for the medium/large CE levels.

Proposal 5: For the small CE level, the number of consecutive subframes of X= 2 for cross-channel estimation should be supported.

Proposal 6: For the small CE level, two NBs are used to perform frequency hopping.
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