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1 Introduction
At RAN#69, a new WI NB-IOT [1] was approved. This document discusses how to reuse basic scheduling principles in E-UTRAN and proposes some further design principles for NB-IOT, which we think should be highlighted to comply with the objectives of the WID.
2 Discussion
Similarly like in E-UTRAN, the NB-IOT eNB uses the PDCCH messages to schedule uplink transmission and downlink transmissions. Furthermore, the NB-IOT UE is targeted to be a device with improved coverage, low cost and improved power efficiency. To comply with these objectives of the WID, some design principles, which have been adopted in the section 7.3 of TR 45.820[2], are proposed to be considered in NB-IOT. In this section the design principles are highlighted for the NB-IOT design.
2.1 Coverage class specific scheduling
NB-IOT needs to provide improved coverage for UEs. As a cost of the improved coverage, usually the data rate is reduced or the used physical layer resources are increased when the coverage of a UE is extended. Hence, coverage class should be introduced in NB-IOT to optimize the transmission efficiency of the devices with different coupling losses. This is commonly adopted in both the sub-clause 7.3 and clause 7A of TR 45.820[2]. Therefore, the scheduling in NB-IOT should support coverage class specific scheduling.
Proposal 1: Support coverage class specific scheduling for NB-IOT.

PDCCH channels are commonly used for scheduling in E-UTRAN. The same principle is reused in both sub-clause 7.3 and clause 7A of TR 45.820[2]. A PDCCH message is used for the scheduling of one UE and should be encoded independently. Each PDCCH message is conveyed in one PDCCH message resource block. The PDCCH message should be designed to have different MCS, repetition number and occupied resources for different coverage classes to achieve different coverage requirement. 
Before the detection of PDCCH messages, the UE should first synchronize with the eNB, and then get the information regarding the resource configuration of corresponding coverage class. The PDCCH occupies certain downlink resource region, which can be further divided into multiple coverage class specific PDCCH resource regions for different coverage classes. The PDCCH resource for each coverage class can be broadcasted in the system information in semi-static way. 

The PDCCH coverage specific regions of neighbouring coverage classes can be overlapped in some PDCCH configurations. By doing this, the semi-static configuration can support certain degrees of flexibility for the base station scheduling to adapt to the dynamical load change between different coverage classes. 

The principle is followed by the design in sub-clause 7.3, in which a 4 bits field (PDCCH configuration) is used to semi-statically indicate the PDCCH resource configuration. 
Proposal 2: The coverage class specific PDCCH resource can be configured in a semi-static way by using system information.

2.2 Minimized device complexity and power consumption in scheduling
In the scheduling, on each potential scheduling occasion, UEs need to detect whether it is scheduled by receiving, processing, demodulating and decoding every possible PDCCH messages in the corresponding coverage class specific resource. In E-UTRAN, there are several PDCCH formats that are defined to have the optimized downlink transmission efficiency. However, this introduces processing complexity on blind format detection and hence power consumption on UE side.

The NB-IOT UE is targeted to be a cheap device with low complexity and also to be a power efficient device. Therefore, the PDCCH detection on the UE side should be further simplified and with improved power efficiency. The blind detection on PDCCH formats should be avoided or minimized as much as possible. The padding can be considered to fit different PDCCH messages to a small number of or even single DCI formats. This principle has been adopted in sub-clause 7.3 of TR 45.820 [2], in which a single PDCCH format is adopted to convey all different PDCCH messages for saving the processing complexity on UE.
Proposal 3: To avoid blind detection on device, the number of the PDCCH formats in NB-IOT should be minimized as much as possible. The padding can be used to fit different PDCCH messages to a small number of or even single DCI formats.

An UE shall detect the PDCCH message addressed to itself in the corresponding coverage class specific PDCCH resource region or search space. On each PDCCH occasion, there could be several PDCCH resource blocks in one coverage class’ resource region, however there may be only one PDCCH message addressed to the UE. For a NB-IOT device, it is not acceptable to read all of the PDCCH messages due to the constraints of low complexity and limited energy supply. 
To reduce the complexity of PDCCH detection, one consideration in TR 45.820 is candidate subset based PDCCH message detection. Instead of all the PDCCH resource blocks, only a subset of PDCCH resource blocks is considered to be the candidates to convey the PDCCH messages. A pre-defined mapping rule, such as hash functions derived based on the UE ID and frame number, can be used to figure out an identical subset of candidate PDCCH resource blocks on both the base station and UEs. The number of the resource blocks in the candidate subset can be configured. Furthermore, multiple hash functions can be used to increase the randomness and diversity of the candidate subsets, and hence provide the flexibility for base station scheduling. The candidate subset based PDCCH message detection has been adopted in the sub-clause 7.3.4.4.1 of TR 45.820. 

As further considerations, the PDCCH messages can be specified to be scheduled in some pre-defined order, which is known and assumed by both base stations and UEs. According to the pre-defined ordering, UEs can stop the unnecessary detection of the following candidate PDCCH messages resource blocks when a message type with lower priority has already been detected. For example, the PDCCH messages is pre-assumed to be scheduled in the order of paging message, the RACH response or reject messages, uplink scheduling, and then the downlink allocation messages. For an UE, who is expecting a paging, shall stop the PDCCH message detection when a PDCCH of normal uplink scheduling for other UEs has already been detected. 

Proposal 4: Further reduce the number of PDCCH messages that needs to be detected by a NB-IOT UE during scheduling.

Proposal 5: The eNB uses pre-defined mapping rules or pre-defined scheduling priority to minimize the PDCCH message detected by NB-IOT devices.
3 Conclusion

The basic principle for scheduling is similar in NB-IOT and legacy LTE system. As a system designed for a Low Power Wide Area (LPWA) service, the improved coverage, low device complexity and improved power efficiency are highlighted in the NB-IOT design. In this paper, the design principles of scheduling are proposed and highlighted for NB-IOT to comply the objectives of WID. It is proposed to agree on the proposals below:
Proposal 1: Support coverage class specific scheduling in the scheduling mechanism of NB-IOT.

Proposal 2: The coverage class specific PDCCH resource should be configured in a semi-static way by using system information.

Proposal 3: To avoid blind detection on device, the PDCCH format defined in NB-IOT should be minimized as much as possible. The padding can be used to fit different PDCCH messages to a small number of or even single DCI formats.

Proposal 4: Further reduce the number of PDCCH messages that needs to be detected by a NB-IOT UE during scheduling.

Proposal 5: The eNB uses pre-defined mapping rules or pre-defined scheduling priority to minimize the PDCCH message detected by NB-IOT devices.
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