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NB M2M – Frequency Hopping for Uplink Channel Bonding
1 Introduction

At the GERAN #65 meeting, the underlying framework for frequency hopping in the NB M2M system was agreed to be captured in the technical report [1]. The remaining open issue was whether the same frequency hopping scheme can be applied for the uplink transmission with channel bonding. 
This contribution attempts to address this open issue for uplink frequency hopping design in the NB M2M system. 
2 Discussions
To ease the illustration, the formula for the underlying frequency hopping scheme as captured in the technical report is recapped as follows:
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, mk=(ICH + k × ∆F) mod M
where k=0, 1, …L-1 and L is the number of hopping intervals supported within a frequency hopping cycle. ∆F denotes the hopping step and M is the number of allocated downlink channels in the base station sector. ICH denotes the index of the virtual channel where the MAC scheduling and base station sector specific information, e.g., interference randomization can be reflected. The frequency hopping is performed within the set of allocated channels
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Multiple uplink channels that are continuous in frequency can be bonded together as a single channel to support higher data rates in good radio conditions in the NB M2M system. To support frequency hopping with channel bonding, there are some particular requirements/restrictions for the frequency hopping configuration:

· The allocated uplink channels in the base station sector should be evenly distributed into multiple groups such that in each group the uplink channels are contiguous in frequency (consecutively indexed in the frequency hopping scheme).  

· The index of the starting uplink channel within the set of bonded channels is used to label the corresponding aggregate channel. In this way, the channel derived using the same hopping scheme as the non-bonding case, mk, can be mapped to the corresponding aggregate channel. 
· The hopping step ∆F should be able to support group hopping of the bonded channels.
Based upon these requirements/restrictions, the frequency hopping scheme for the non-bonding case can be re-used for the channel bonding case. 
3 Illustrative example
An example of the uplink frequency hopping is shown in Figure 1 where the blocks in blue represent the uplink transmission with channel bonding and the blocks in yellow represent the uplink transmission without channel bonding. 
A total of M=12 uplink channels have been allocated to the base station sector in this example, with the sorted channel index set defined as {Sm}={0, 1, 2, 3, 8, 9, 10, 11, 32, 33, 34, 35}, m=0, 1, …11. Four continuous channels in frequency are bonded together to form a single channel so the hopping step ∆F is configured to four channels. 
From this figure, it can be seen that the uplink transmissions with/without channel bonding have the same frequency hopping pattern and no collision occurs as the identical frequency hopping configurations (i.e. the frequency hopping interval and the frequency hopping step) are applied.  
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Figure 1 Uplink frequency hopping

4 Conclusions
The frequency hopping for the uplink transmissions with channel bonding is discussed. The frequency hopping scheme for the non-bonding case can be directly reused for the channel bonding case with some particular restrictions on the hopping configuration.
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