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NB-CIoT – Scheduling Mechanism
1
Background
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. 

This submission provides the scheduling mechanism used for the Narrowband Cellular IoT candidate solution (NB-CIoT), formed from the convergence of the NB M2M and NB-OFDMA candidate solutions [2]. 
The scheduling design for NB-CIoT is derived from the NB M2M and NB-OFDM candidate solutions described in TR 45.820 [3]. Some adaptations are necessary to align with the converged physical layer and MAC layer designs, and due to the new frame structure, see [4] and [5]. 

2
Scheduling mechanism
2.1
Overview
The frequency and time allocation for different downlink transport channels are illustrated in Figure 1, which is replicated from [5]. In NB-CIoT, the base station uses the Physical Downlink Control Channel (PDCCH) to schedule uplink and downlink transmission allocations, including normal data transmission, RACH Response, paging messages and other control messages.
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Figure 1 Frequency and time allocation for different downlink transport channels
The PDCCH channel occupies multiple subcarriers and slots, and is used to convey multiple PDCCH messages. A PDCCH message corresponds to the scheduling of one MS and is encoded independently.  The structure of the PDCCH messages is indicated by the PDCCH configuration field in System Information [6]. 
Figure 2 is an example of scheduling for a MS.
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Figure 2  Example Scheduling
In Figure 2, a MS receives the System Information (SI) after synchronizing with the base station (1). The SI provides details of the structure of PDCCH for each coverage class in each sub-frame. The MS then receives the PDCCH message on the PDCCH corresponding to its coverage class (e.g., CC2, as shown in Figure 2). The PDCCH message provides the timing and subcarriers for a downlink allocation (DL1 (2)) or an uplink (UL1 (3)) allocation. The MS then receives DL1 or transmits UL1. 
2.2 PDCCH structure and reading on MS
In NB-CIoT, the overall PDCCH resource in a sub-frame is segmented into coverage class resource blocks for multiple coverage classes, and then further divided into PDCCH message resource blocks for multiple PDCCH messages. A typical PDCCH configuration is shown in Figure 3, which is also shown as an example in [5]. For coverage class 3 (CC3) and coverage class 4 (CC4), it should be noted that the PDCCH message is repeated in two consecutive sub-frames that convey the PDCCH resource, such as sub-frames 1+3 or sub-frames 5+7 in Figure 3.
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Figure 3  An example of typical PDCCH configuration

Multiple PDCCH messages may be present for each coverage class. A single PDCCH message conveys the control information for scheduling one specific MS or scheduling a RACH response to one RACH request message. 
For improved MS energy consumption, it is important to minimize the number of PDCCH message resource blocks that the MS needs to read in the corresponding coverage class.  Therefore, a mechanism is used to map the control information (scheduling information) onto a set of candidate PDCCH message resource blocks. A Hash function is used to achieve the mapping. For the scheduling of a paging message or of a normal DL/UL transmission, the MS ID (e.g. IMSI, TLLI/S-TMSI, 
C-RNTI) is used as the input to the hash function. For the scheduling of a RACH response, the random number in the corresponding RACH request is used as the input of the hash function.  Based on this mapping mechanism, only a subset of the PDCCH message resource blocks can be used by the base station for the scheduling of the MS and, therefore, only these PDCCH message resource blocks need to be read by the MS.
3
Summary

This document describes the scheduling mechanism used by NB-CIoT.
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