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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, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture [1]. NB-IoT should support three different modes of operation:

· ‘Standalone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers.

· ‘Guard-band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band.

· ‘In-band operation’ utilizing resource blocks within a normal LTE carrier.
In this contribution, we present some considerations for the search space design of NB-IoT physical downlink control channel.
2. Discussion
PDCCH for NB-IoT (N-PDCCH) carries information of narrowband PUSCH (N-PUSCH) grants, narrowband PDSCH (N-PDSCH) assignments, RAR response, and paging for NB-IoT UEs. To reduce the UE complexity in searching N-PDCCH, a UE-specific search space (USS) can be defined. A common search space (CSS) is needed as well for transmission of RAR and paging information. It is not excluded that UE-specific N-PUSCH grants and N-PDSCH assignments can be transmitted in the CSS.
Proposal 1: CSS is needed at least for RAR response and paging.
As many numbers of repetitions are required to transmit N-PDCCH for extreme coverage class, the N-PDCCH transmission time at BS as well as reception time at UE is long, especially in in-band operation mode. There will be not many number of N-PDCCHs for extreme coverage class as number of extreme coverage UEs are comparatively smaller than that of basic and robust coverage UEs [2]. If USS is defined for the extreme coverage class, N-PDCCH resources allocated for the extreme coverage class might be inefficiently utilized. For example, even though there is an extreme coverage UE who is waiting for N-PDCCH reception, upcoming N-PDCCH might not be used for the UE if it is not assigned as USS, even if it is available to be used. This may cause severe latency for extreme coverage class UEs, considering the long N-PDCCH acquisition time due to waiting and long transmission time of N-PDCCH. It would be resolved by assigning only CSS for the extreme coverage class. As extreme coverage UEs read all N-PDCCHs, they will get control information with no severe latency.
Proposal 2: For basic and robust coverage classes, both CSS and USS are used. For extreme coverage class, only CSS is used.

3. Conclusions

In this contribution, search space of the control channel design for NB-IoT is discussed. In summary, the proposals are as follows:
Proposal 1: CSS is needed at least for RAR response and paging.
Proposal 2: For basic and robust coverage classes, both CSS and USS are used. For extreme coverage class, only CSS is used.
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