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1 Introduction

In this contribution, the necessity of NB-IoT CSS is discussed, and considerations on the design of NB-PDCCH search space are provided.
2 CSS
In eMTC, CSS is supported for the control channel to schedule RAR and Paging. For eMTC SIBx transmission, dynamic scheduling via physical downlink control channel is not supported.

Compared to eMTC, the main difference for control channel transmission is the number of maximum RB limited from 6 RB to 1 RB. Therefore, the previous analyses on the transmission of common message (SIB, RAR and Paging) in eMTC can be similarly applied to the discussion of common message transmission in NB-IoT. 
For NB-IoT SIB, the transport block size of SIB message is usually not changed frequently, so the NB-IoT SIB can be transmitted without dynamic scheduling, which is beneficial to save systematic resource overhead and reduce UE’s acquisition time.

For RAR/Paging, depending on the number of multiplexed UEs within one RAR/Paging message, the transport block size of RAR/Paging message may be varied frequently. Therefore, NB-PDCCH in CSS would be beneficial to dynamically schedule NB-IoT RAR/Paging.

Proposal 1: NB-IoT CSS is supported for dynamic scheduling of NB-IoT RAR and Paging message. 

3 Design of search space
The NB-PDCCH search space will consist of NB-PDCCH candidates. The number of UE’s maximum blind detection on NB-PDCCH will determine the available NB-PDCCH candidates in the search space. One NB-PDCCH candidate could be determined by aggregation level, number of repetition, starting NB-CCE index and starting subframe.
The aggregation level of one M-PDCCH can be determined according to the number RB pairs configured. As proposed in our companion contribution, multiple RB pairs for one NB-PDCCH can be composed by concatenating the RB pair across multiple subframes [1]. Similar to eMTC, a combination of {aggregation level, number of repetition} can be introduced for NB-IoT. Each NB-PDCCH candidate will be related to one combination of {aggregation level, number of repetition}. 
The starting NB-CCE index of one NB-PDCCH candidate under specific {aggregation level, number of repetition} can be determined by UE identifier. To provide flexibility on NB-PDCCH scheduling (especially in small number of repetition), on the same time occasion, one NB-IoT UE can monitor multiple NB-PDCCH candidates with the same {aggregation level, number of repetition}. The number of NB-PDCCHs monitored within the same time occasion can be called as number of trial. Thus, the number of trials can be more than 1 for certain NB-PDCCH candidates. For NB-IoT, fewer UEs should be present in the higher coverage enhancement scenarios. The extended and extreme coverage scenarios are the most challenging where the UE must still have long battery life despite being very low complexity. To reduce UE’s blind detection and save UE’s power consumption, the number of trial for NB-PDCCH can be always equal to one in large repetition number. Thus, the flexibility of eNB NB-PDCCH transmission could be reduced. However, the collision probability of NB-PDCCH resource for different UEs in large coverage enhancement may be sustainable in view of the low ratio of UEs in large coverage enhancement. For example, when number of repetition for a NB-PDCCH candidate is larger than 16, the number of trial can be equal to one.
The starting subframe of each NB-PDCCH candidate can be determined by the starting subframe of NB-PDCCH search space and number of repetition. Similar to eMTC, the initial starting subframe and periodicity of NB-MPDCCH search space can be configured by eNB, and one NB-IoT UE can determine the starting subframe of one NB-PDCCH search space according to configured initial starting subframe and periodicity.

The number of repetition for each NB-PDCCH candidate can also be derived from Rmax (maximum number of repetition), which can also be configured by high layer signaling.
Proposal 2: The design of NB-IoT SS can use the similar methodology of SS design for eMTC:

· The number of PRB pair (defined across multiple subframes) and maximum repetition number for one NB-PDCCH SS in each coverage class are configured via higher layer signaling.

· The starting subframe and periodicity of NB-PDCCH SS in each coverage class are configured via higher layer signaling.
· The set of combination {aggregation level, number of repetition, number of trial} for one NB-PDCCH SS in each coverage class is predefined according to the configured number of PRB pair and maximum repetition number.

· The SS multiplexing between different coverage classes is implemented by eNB’s configuration.  
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Figure 1: Illustration of one search space
Figure 1 above shows an example to illustrate the definition of search space. In this figure, one NB-PDCCH will occupy N sub-carriers, and may be repeated within 4, 8 or 16 subframes. In the time duration of 16 subframes, seven NB-PDCCH candidates consist of one search space.

Figure 2 below provides an example to determine the search space based on starting subframe and periodicity. Thus, one NB-IoT UE does not need to monitor NB-PDCCH on each subframe, which is beneficial for UE’s power consumption and NB-PDCCH multiplexing between different UEs.
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Figure 2: Illustration of UE’s search space
4 Conclusions
In this contribution, the necessity of NB-IoT CSS and preliminary considerations on the design of NB-PDCCH search space are provided, and the following proposals are given.
Proposal 1: NB-IoT CSS is supported for dynamic scheduling of NB-IoT RAR and Paging message. 

Proposal 2: The design of NB-IoT SS can use the similar methodology of SS design for eMTC:

· The number of PRB pair (defined across multiple subframes) and maximum repetition number for one NB-PDCCH SS in each coverage class are configured via higher layer signaling.

· The starting subframe and periodicity of NB-PDCCH SS in each coverage class are configured via higher layer signaling.
· The set of combination {aggregation level, number of repetition, number of trial} for one NB-PDCCH SS in each coverage class is predefined according to the configured number of PRB pair and maximum repetition number.

· The SS multiplexing between different coverage classes is implemented by eNB’s configuration. 
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