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NB M2M – Frequency Hopping Scheme
1 Introduction

Frequency hopping is applied in many existing communications systems (e.g. GSM, LTE and WiFi) to provide frequency diversity gain and to randomise interference. For similar reasons, frequency hopping may also be beneficial for the NB M2M system [2] that is proposed as a solution for Cellular IoT [1]. 
In this contribution, the frequency hopping design for the NB M2M system is introduced. 
2 Proposed frequency hopping design
As captured in the technical report [2], each NB M2M base station sector is allocated a number of downlink and uplink channels according to the frequency re-use strategy over the supported frequency band. The frequency channel allocation for each base station sector is indicated by broadcast information elements. 
Frequency hopping is performed over the set of allocated channels within the base station sector. The hopping scheme is common to downlink and uplink, but with independent parameter settings for downlink and uplink. Frequency hopping may be applied to PDSCH and PUSCH, but is not applied to the broadcast physical channels, PBSCH and EPBCH.
In the time domain, synchronization needs to be maintained for frequency hopping to avoid collisions. Therefore, a configurable frequency hopping interval is applied to all MTC devices that are operating in the base station sector. Different hopping intervals may be configured for downlink and uplink for the same base station sector. The durations of the downlink and uplink hopping intervals are broadcast by the system information. 
A possible design is that the downlink hopping interval is selected from the set {10ms, 20ms, 40ms, 80ms, etc.}, and the uplink hopping interval is selected from the set {40ms, 80ms, 160ms, 320ms, etc.}. This ensures that each hopping interval starts with a pilot group. The uplink hopping interval is likely to be configured by the system information to be longer than the downlink hopping interval to reflect the lower symbol rate used on the uplink. The shorter hopping intervals provide more frequency diversity for short bursts (because there are more hops per burst), but are more challenging for channel tracking performance (because there are fewer pilot symbols per hop). 
A burst transmission is mapped to a number of hopping intervals according to the burst configuration, though the burst does not necessarily occupy the entire hopping interval for the first and last intervals.
The allocated channels excluding PBSCH and EPBCH are sorted in an ascending order of channel index, then a sorted set of M channel indices
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) is obtained, where M is the number of allocated channels for downlink/uplink in the base station sector, and N is the total number of channels supported over the available frequency band. 
In the frequency domain, a virtual channel is allocated for the burst transmission, using scheduling information for data bursts and broadcast information for DCI bursts. The index of the virtual channel is denoted as ICH. Given the burst mapping to the frequency hopping intervals and the index of the virtual channel ICH, the index of the channel which is physically occupied at the kth hopping interval within a frequency hopping cycle can be derived according to:
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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. The hopping step ∆F is signalled by the information elements contained in the system broadcast. 
When uplink channel bonding is applied, the channel index
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represents the starting index of the set of bonded channels. 
The frequency hopping algorithm is reset at the start of every hyper-frame even if this occurs partway through a burst transmission.  
3 Illustrative example
An example of the uplink frequency hopping is shown in Figure 1. 
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. The illustrated uplink burst spans five consecutive hopping intervals (i.e., k=2,…,6), although the hopping intervals corresponding to the two ends of the burst (i.e. k=2 and k=6) are not completely occupied by the burst (due to the start time and duration of the resource that has been allocated to the burst). 
In this example, the hopping step ∆F is configured to four channels. 
According to the proposed frequency hopping scheme, the uplink burst with virtual channel index ICH=0, is transmitted in the 3rd hopping interval (i.e. k=2) by the physical channel with index ‘32’ (i.e. mk=8), while in the 7th hopping interval (i.e. k=6), the burst is transmitted by the physical channel with index ‘0’(i.e. mk=0).
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Figure 1 An example of uplink frequency hopping

4 Conclusions
A frequency hopping scheme for NB M2M is introduced in this contribution. Configuration parameters are signalled by the information elements contained in the system broadcast, and allow different configurations for downlink and uplink. The frequency hopping scheme provides a means to exploit frequency diversity, and may also be beneficial in terms of randomising interference and smoothing the downlink PSD if using adaptive downlink power allocation.
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