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1 Introduction

In this contribution, some considerations on NB-PDCCH resource mapping are discussed, and several proposals to guide the overall design of NB-PDCCH are given.
2 Discussion
2.1 Subframe Mapping

In general, there are two options for subframe mapping:
Option 1: Single subframe mapping, where one NB-PDCCH is mapped within one subframe and it can be repeated within multiple subframes. 

Option 2: Multiple subframe mapping, where one NB-PDCCH can be mapped across multiple subframes, and these subframes may be repeated with multiple subframes granularity. 

If single subframe mapping is adopted, UE may have the capability to early decode DCI without waiting until all NB-PDCCH repetitions received. However, the maximum available NB-CCEs would be 4 due to one PRB limitation in one subframe, and the NB-PDCCH detection reliability in low SINR region may not be satisfied since low coding rate may not be achieved within one subframe. 
When multiple subframe mapping is supported, the resource element mapping can be more flexible and higher NB-CCE aggregation level can be supported. In extreme coverage hole, using lower coding rate may achieve better performance than that using larger repetition number when total RE overhead for NB-PDCCH transmission of the two cases is equal. Thus, supporting high CCE aggregation level (or low coding rate) may have some benefits in extreme coverage enhancement case.
Proposal 1: Multiple subframe mapping should be supported at least in extended and extreme coverage enhancement cases (i.e. at least 154 dB and 164 dB MCL).
2.2 Resource Element (RE) Mapping

Assuming DMRS is supported, the NB-PDCCH can be mapped similar to the mapping mechanism of EPDCCH where one NB-PDCCH is mapped in one or multiple RB pair(s). For the current EPDCCH, the RB pair number of EPDCCH mapping could be 1, 2, 4, 6, 8 PRBs. While for NB-PDCCH mapping in NB-IoT, multiple RB pairs could be constructed across multiple subframes to avoid the one RB pair limitation in each subframe. Moreover, as exampled in the figure below, both localized and distributed mapping manners can be supported for NB-PDCCH mapping.
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Figure 1: Illustration of both localized and distributed mapping manners
Proposal 2: When multiple subframe mapping is supported, both localized and distributed mapping manners could be supported for NB-PDCCH RE mapping.

Proposal 3: Multiple RB pairs for NB-PDCCH mapping can be constructed by concatenating the RB pair across multiple subframes.
In addition, as analyzed in our accompanied contribution [1], the NB-IoT DL RS should be the same as LTE CRS for NB-PDCCH. Thus, new NB-REG mapping may be needed for NB-PDCCH. 
2.3 Frequency Domain Multiplexing (FDM)
If one RB is fully occupied by one NB-PDCCH, the transmission of other channels of other UEs may endure severe time delay. In order to provide multiplexing flexibility among different NB-PDCCHs of different coverage enhancement levels, FDM should be supported by eNB configuration. For a unified description, the term of number of RB pair for NB-PDCCH transmission can still be used with fractional values. For example, the number of RB pair can be chosen from {1/4, 1/2, 1}. These values mean that {3, 6, 12} sub-carriers can be used for one NB-PDCCH, respectively. As shown in the figure below, one RB pair within one subframe can multiplex multiple NB-PDCCHs, and these multiplexed NB-PDCCHs can be in different coverage enhancement levels. Moreover, one NB-PDCCH can be also multiplexed with PDSCH in the same subframe(s). 
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Figure 2: Illustration of FDM between NB-PDCCHs for different CE levels
Proposal 4: FDM of different coverage enhancement levels for NB-PDCCH can be considered.

3 Conclusions 

In this contribution, some considerations on NB-PDCCH resource mapping are discussed, and the following proposals to guide the design are given: 
Proposal 1: Multiple subframe mapping should be supported at least in extended and extreme coverage enhancement cases (i.e. at least 154 dB and 164 dB MCL).
Proposal 2: When multiple subframe mapping is supported, both localized and distributed mapping manners could be supported for NB-PDCCH RE mapping.

Proposal 3: Multiple RB pairs for NB-PDCCH mapping can be constructed by concatenating the RB pair across multiple subframes.
Proposal 4: FDM of different coverage enhancement levels for NB-PDCCH can be considered.
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