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1
Introduction
In RAN1 #83, the followings have been agreed for NB-IoT [1]:
Agreements:

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

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

In this contribution, we discuss on the design considerations for NB-PDCCH.
2
Design Considerations
In LTE, downlink control channels have been used for better scheduling flexibility and dynamic link adaptation. In line with this, it is agreed that a downlink control channel (i.e., NB-PDCCH) is used for NB-IoT UEs. Although existing downlink controls (e.g., (E)PDCCH and M-PDCCH) cannot be simply reused for NB-PDCCH due to the narrower operation bandwidth of NB-IoT, most of building blocks can be reused as much as possible as the same numerology of LTE is used for NB-IoT downlink. In order to minimize unnecessary standard efforts, the existing downlink control channels should be reused as far as it fits to the narrowband and/or it requires a minor update.

Given that narrowband operation is needed, EPDCCH rather than PDCCH seems to be a good starting point for NB-PDCCH design. Two types of EPDCCH have been used such as localized EPDCCH and distributed EPDCCH according to the channel condition. For example, the localized EPDCCH may be used if beamforming gain can be achieved based on closed-loop operation while the distributed EPDCCH may be used if open-loop frequency diversity gain needs to be achieved. However, within the narrowband bandwidth, the frequency diversity gain is limited already and localized EPDCCH may perform better over distributed EPDCCH due to its higher DM-RS power even with open-loop mode of operation.

The building blocks such as EREG and ECCE for the localized EPDCCH have been defined within a PRB-pair which fit to the narrowband, therefore the definition of EREG and ECCE of localized EPDCCH can be reused as building blocks for NB-PDCCH.

Proposal-1: reuse EREG and ECCE definitions of localized EPDCCH as building blocks for NB-PDCCH

As similar to eMTC, the coverage enhancement is one of key design considerations for NB-PDCCH. To achieve the enhanced coverage of the downlink control channel in Rel-13 eMTC, frequency hopping and repetitions with increased time domain precoding granularity have been introduced for M-PDCCH. Those coverage enhancement techniques can be reused for NB-PDCCH.

Proposal-2: coverage enhancement techniques of M-PDCCH are reused for NB-PDCCH

The number of PRBs for E/M-PDCCH is configurable according to the required downlink control channel capacity. The number of PRBs for NB-PDCCH should be also configurable in time up to 6PRBs and the M-PDCCH resource configurations can be simply reused. As a single PRB is only available in a subframe, time domain extension is used to define NB-subframe which consists of 6 subframes for NB-PDCCH as well as NB-PDSCH. For better support of coexistence with legacy UEs, the available subframes are only used to form an NB-subframe. The available subframes can be signaled in a broadcasting channel as similar to the eMTC.

Proposal-3: NB-subframe for NB-PDCCH and NB-PDSCH is defined with 6 available subframes, and the available subframes are indicated in a broadcasting channel
A common search space (CSS) has been used for multicast and broadcast signals (e.g., RAR, paging, and SIBs) as it can minimize the downlink control signaling overhead for those channels by sharing the RNTI for multiple UEs. Therefore, it seems to be a straightforward to support the common search space for NB-PDCCH as well at least for RAR and paging as similar to eMTC.

A UE-specific search space has been defined to reduce the UE blind decoding complexity while increasing the downlink control channel capacity. Considering that reduced UE battery consumption and massive UE connections are necessary for NB-IoT, UE-specific search space (USS) seems to be beneficial for NB-IoT as well. Therefore, both USS and CSS need to be defined for NB-IoT.

Proposal-4: both USS and CSS are used for NB-IoT 

The SIB1 for eMTC (SIB1bis) is transmitted without an associated downlink control channel since the reception of the associated downlink control channel can delay the SIB acquisition time, thus resulting in wasting of UE battery and control channel resources. Without an associated downlink control channel, the SIB1bis transmission is not flexible in terms of time and frequency scheduling, thus inter-cell interference cannot be well randomized. Therefore, time and frequency resource randomization based on physical cell-ID has been used for SIB1bis. The same rule can apply for SIB1 transmission for NB-IoT (NB-SIB1).

Proposal-5: SIB1 for NB-IoT reuses the same design principles of SIB1bis
3
Conclusion
In this contribution, we discussed on considerations on the NB-PDCCH design. From the discussions, we propose followings: 
Proposal-1: reuse EREG and ECCE definitions of localized EPDCCH as building blocks for NB-PDCCH

Proposal-2: coverage enhancement techniques of M-PDCCH are reused for NB-PDCCH

Proposal-3: NB-subframe for NB-PDCCH and NB-PDSCH is defined with 6 available subframes, and the available subframes are indicated in a broadcasting channel
Proposal-4: both USS and CSS are used for NB-IoT 
Proposal-5: SIB1 for NB-IoT reuses the same design principles of SIB1bis
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