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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. At RAN1#83, it was agreed to support a physical downlink control channel, i.e., NB-PDCCH. In this contribution, we discuss some considerations of NB-PDCCH design.

	Agreements:

· NB-IoT supports a physical downlink control channel, NB-PDCCH

· NB-IoT supports a physical downlink shared channel, NB-PDSCH

Note that this does not imply anything about the design of these channels 

Note that final naming of the channels is up to the specification editors. 
Companies are encouraged to consider details of downlink control channel and scheduling design for the Jan adhoc meeting. 


2. Discussion
In the NB-IoT downlink, the NB-PDCCH carries the downlink control information (DCIs) such as downlink scheduling assignment, uplink scheduling grant, and so on. 

The concept of resource element groups (REGs) and control channel elements (CCEs) in LTE can be re-used in NB-IoT. For example, a REG is composed of X=4 useful REs, and a CCE composed of a set of Y=36 useful resource elements. The values of X and Y can be defined based on the system requirement. A basic PDCCH resource unit can be defined by an integer number of subframes. To support different coverage level, different number of repetitions of the basic PDCCH resource unit can be defined in different coverage class. In addition, the number of basic PDCCH resource units can be different in different coverage class, since the number of supported UEs may be different. In Fig. 1, an example of the NB-PDCCH resource allocation is shown. To prevent resource blocking, the NB-PDCCH resource units can be allocated in a pre-defined distributed manner, as shown in Fig. 2.
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Fig. 1: NB-PDCCH resource allocation during a pre-defined period (e.g., 640ms)
[image: image2.png]Pre-defined Period (e.g., 640ms)

e TCl HeH
i i i
ici Ic Ici
i I i~
13 13 13

NB-PDCCH Resource
Units





Fig. 2: NB-PDCCH resource allocation in a distributed manner
Proposal 1: Re-use the CCE concept in the NB-PDCCH design.

In the NB-IoT system, low power consumption is one of the important requirements to the UEs. In legacy LTE system, common search space and UE-specific search space are defined to reduce the number of blind decoding attempts at the UE side. In NB-IoT, the similar approach can be considered. 

At RAN2#92, it was agreed to assume that system information scheduling is PDCCH-less [4]. Thus, it is expected that the common search space is needed at least for RAR response and paging. 
	Agreements:
· We assume that system information scheduling is PDCCH-less, i.e. parameters (e.g. time/frequency location and MCS/TBS) are fixed or indicated with scheduling information in MIB or SIB1, instead of dynamically indicated on PDCCH (this need RAN1 confirmation).


Proposal 2: Support both common search space and UE-specific search space in NB-PDCCH.
To further reduce power consumption, the following approaches can be considered:
· The number of blind decoding attempts in the UE-specific search spaces can be reduced. It is likely that some aggregation levels may not be proper to achieve acceptable performance in a certain coverage level. The number of candidate aggregation levels can be different in different coverage class. For example, low aggregation levels are defined in the good coverage class, while high aggregation levels are defined in the bad coverage class.  
· If multiple NB-PDCCH resource units are configured in a coverage class, the UEs may not have to monitor all the PDCCH resource units. A UE-specific monitoring function can be defined that UEs only monitor a subset of the PDCCH resource units. 
Proposal 3: Consider a limited number of aggregation levels for UE-specific search space in each coverage class. Additional mechanisms to reduce the UE complexity of searching NB-PDCCH can be for further study.

3. Conclusions
In this contribution, some considerations of the NB-PDCCH design were discussed. The proposals are as follows:
Proposal 1: Re-use the CCE concept in the NB-PDCCH design.

Proposal 2: Support both common search space and UE-specific search space in NB-PDCCH.
Proposal 3: Consider a limited number of aggregation levels for UE-specific search space in each coverage class. Additional mechanisms to reduce the UE complexity of searching NB-PDCCH can be for further study.
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