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1. Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Cellular Internet of Things (CIoT) [1]. A radio access technology referred to as NB-M2M has been introduced as a candidate solution [2]. 

In this contribution, we discuss the current frequency hopping design in NB M2M system, and propose an alternative uplink frequency hopping method to support channel bonding.

2. Discussions
2.1 Current Frequency Hopping Design
Frequency hopping is performed over the set of allocated channels for a BS sector. Frequency hopping may be applied to PDSCH and PUSCH, but is not applied to PBSCH and EPBCH. A configurable frequency hopping interval in the time domain is applied to all MSs that are operating in the BS sector, which is broadcast in the system information. 
In downlink, the allocated downlink channels (excluding PBSCH and EPBCH) are sorted in an ascending order of channel index, and a sorted set of M channel indices 
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 is obtained, where M is the number of allocated channels in the BS sector, and N is the total number of channels supported over the available frequency band. 

In the frequency domain, a virtual channel for the burst transmission can be derived, and the index of the virtual channel is denoted as 
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. Given the burst mapping to the frequency hopping intervals and the index of the virtual channel 
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, the index of the channel which is physically occupied at the k-th hopping interval within a frequency hopping cycle is derived according to

[image: image6.wmf]{

}

M

k

I

m

S

S

F

CH

k

M

m

m

m

k

mod

)

(

     

,

1

0

D

´

+

=

Î

-

=


where 
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 and L is the number of hopping intervals supported within a frequency hopping cycle. The hopping step 
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 is signaled in the system information. The frequency hopping algorithm is reset at the start of every hyper-frame even if this occurs partway through a burst transmission. 
The uplink frequency hopping is performed similarly as the downlink case. Independent frequency hopping settings (e.g. the frequency hopping interval and the frequency hopping step) are applied for the uplink and downlink. However, to support uplink channel bonding, particular restrictions are imposed on the frequency hopping configuration, as follows:
1) The allocated uplink channels in the BS sector should be evenly distributed into multiple groups such that within each group the uplink channels are contiguous in frequency (consecutively indexed in the frequency hopping scheme). The size of the group should be able to accommodate the bonded channels with configured maximum bonding factor. 
2) 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 used for the non-bonding case can be mapped to the corresponding aggregate channel. 
3) The hopping step should be able to support group hopping of the bonded channels within the allocated channels.

In [3], an example of the uplink frequency hopping was shown, which is reproduced in Fig. 1. The blue blocks represent the uplink transmission with channel bonding and the yellow blocks represent the uplink transmission without channel bonding. A total of M=12 uplink channels have been allocated in this example, with the sorted channel index set defined as 
[image: image9.wmf]{

}

{

}

35

,

34

,

33

,

32

,

11

,

10

,

9

,

8

,

3

,

2

,

1

,

0

=

m

S

, 
[image: image10.wmf]11

,...,

1

,

0

=

m

. Four continuous channels are bonded together to form a single channel so the hopping step 
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 is configured to four channels.
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Fig. 1: Uplink frequency hopping
In is noted that x8 channel bonding case is defined in the NB M2M system [2]. Even though it can be defined as an optional feature for MSs, it is necessary to consider how to support it in various aspects. In case that only 12 channels are available in a BS sector (e.g., 200 kHz bandwidth with frequency re-use factor 1/3), the 12 channels may need to be allocated contiguously. However, the restriction of accommodating the maximum number bonded channels in each group is not available.
2.2 Alternative Design 
In this part, an alternative frequency hopping design is proposed. The current frequency hopping mechanism can be a baseline since it is simple and works well for the non-bonding case. For the channel bonding case, the channels may be segmented after several frequency hopping intervals. To avoid channel segmentation in a timely manner, it is proposed to insert an additional mirroring pattern periodically within a frequency hopping cycle. The mirroring pattern performs a mirroring function of the allocated channels within the set of the available channels in the BS sector. The frequency hopping step and maximum bonding factor can be taken into account in the determination of the appropriate mirroring interval, e.g., one mirroring interval is equal to J frequency hopping intervals. The mirroring interval can be configured in the system information.
In Fig. 2, an example of the proposed uplink frequency hopping is illustrated. The blue blocks represent the uplink transmission with x8 channel bonding and the yellow blocks represent the uplink transmission without channel bonding. A total of M=12 uplink channels are allocated, with the sorted channel index set 
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, 
. The frequency hopping step 
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 is two channels, and the mirroring interval J is configured to three frequency hopping intervals.
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Fig. 2: Alternative method of uplink frequency hopping
Given the index of the virtual channel 
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 in a burst transmission, the index of the channel physically occupied at the k-th hopping interval within a frequency hopping cycle is derived according to
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where L is the number of hopping intervals a frequency hopping cycle, J is the mirroring interval in terms of the number of hopping intervals, and B is the number of bonded channels (B=1 for non-bonding case).
3. Conclusions

In this contribution, we proposed an alternative frequency hopping design to support the uplink channel bonding case, especially when the bonding factor is large (e.g., x8 channel bonding case). 
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