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Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) (see [1]). A narrow band OFDMA (NB-OFDMA) based solution is proposed in [2] to be used in the downlink, while in the uplink single carrier-FDMA (SC-FDMA) is employed. This makes efficient spectrum use, allows large volume of devices to be served in a cell and provides extended coverage. For averaging inter-cell interference, subcarrier hopping takes place in both downlink and uplink.  In this document, we present the details of the subcarrier hopping design for the downlink and uplink channels. The design adopts a pattern similar to LTE Type 2 PUSCH frequency-hopping [3].
Downlink hopping scheme 
In what follows, we provide the hopping design for the downlink shared channel (PDSCH). Table 1 provides the definition and notation of different parameters used to define the hopping pattern.

Table 1. Downlink hopping parameters
	Parameter
	Description
	Value (Example)

	
	Number of available downlink tones
	72 (for reuse-1) , or 24 (for reuse-3)

	
	Set of tone indices of the allocated Virtual Block (provided by the scheduling assignment)1
	2

	
	Number of downlink sub-bands defined for hopping
	18, or 6

	
	Number of tones per downlink sub-band
	3

	
	Set of tone indices of the allocated Physical Block during slot 
	, or 
4

	1 When frequency reuse-3 or fractional frequency reuse is employed, the allocated tone indices are relative to the first tone of the corresponding frequency group.
2 consecutive tones may be allocated to a transmission block
3  must be greater than the maximum number of consecutive tones that can be allocated to a single transmission block
4 The reversed order of the allocated tones (e.g. in ) indicates the mirroring effect which provides intra-sub-band hopping.




Mapping of the complex symbols to the subcarriers follows a hopping pattern, similar to LTE type 2 PUSCH frequency-hopping. The hopping is determined by dividing the available  downlink tones into  number of downlink sub-bands, where each sub-band consists of  consecutive tones.  
The number of sub-bands  is given by higher layers, and must be chosen such that the size of a sub-band is at least equal to the maximum number of (consecutive) tones that can be allocated to a transmission block. This is to make sure that the set of physical tones allocated to a transmission block remain consecutive after hopping. The definition of such sub-bands allows for two levels of hopping: (a) inter-sub-band hopping, and (b) intra-sub-band hopping.
The scheduling assignment in the downlink control channel (PDCCH) allocates a set of (virtual) tone indices  to the transmission of a block of complex symbols. Note that the size of   must be smaller than or equal to . 
The set of physical tones to be used for the transmission of this block in slot  is determined by the given scheduling assignment  and a predefined hopping pattern as follows,



where,  and  respectively determine intra-sub-band and inter-sub-band hopping. Note that the hopping occurs every two slots, in order to provide a better channel estimation using the four pilots within the two consecutive slots. 
The two hopping functions are defined as below based on a pseudo-random sequence  (initialized by  or  for each frame ),





where , and the pseudo-random sequence is given as follows [3]:

	Pseudo-random Sequence Definition

	











Uplink hopping scheme 
The tone-hopping for the uplink shared channel PUSCH follows the same pattern as downlink hopping scheme in Section 2. To determine the physical tones allocated to an uplink transmission block, the corresponding uplink parameters must be taken into account;  – the number of available uplink tones,   – the number of uplink sub-bands, and  – the number of tones within each uplink sub-band. 

Summary
This document describes the hopping design for the CIoT downlink and the uplink shared channels. The proposed scheme, which is based on LTE Type 2 PUSCH frequency-hopping, provides very good diversity and inter-cell-interference management due to inter-sub-band and intra-sub-band (mirroring effect) hopping. It is proposed to include description of channel hopping mechanism into the TR and this has been incorporated into [4].
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