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1 Introduction

In RAN#69, a WI on NarrowBand Internet of Things (NB-IoT) [1] has been approved. According to the WID, NB-IoT should support 3 different modes of operation, stand-alone operation, guard band operation, and in-band operation. The objectives of NB-IoT related to physical layer are as the follows.
	NB-IOT should support 3 different modes of operation: 

1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier

In particular, the following will be supported:

· 180 kHz UE RF bandwidth for both downlink and uplink

· OFDMA on the downlink

· Two numerology options will be considered for inclusion: 15 kHz sub-carrier spacing (with normal or extended CP) and 3.75 kHz sub-carrier spacing. Technical analysis will either perform a down-selection or decide on inclusion of both based on the feasibility of meeting relevant requirements while achieving commonality (to be finalized by RAN #70)

· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 

· Technical analysis will either perform a down-selection or decide on inclusion of both 

· The two above will strive for single solution / down-selection, and the decision will be performed by RAN #70 on the basis of RAN1 evaluation. 
· RAN1 evaluation will be based on

· For the standalone mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with the exception of impacts to GSM base station baseband)

· For in-band & guard-band mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with exception of impacts to GSM base station baseband and RF), plus newly defined scenarios and criteria based upon the same TR e.g. interference to/from legacy LTE operation

· For power consumption, latency, and capacity, this evaluation will assume use of Gb interface towards the core network

· RAN1 evaluation will be based on a detailed numerical assessment in addition to any pass/fail criteria

· RAN1 will involve RAN2 as necessary

· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer


This contribution, we provide our views on physical downlink control channel design and search space composition for NB-IoT.
2 Physical downlink control channel design for NB-IoT
For physical downlink control channel design for NB-IoT, with its maturity and the commonality with LTE-MTC, we prefer to use EPDCCH or M-PDCCH for NB-IoT as well. As discussed in Rel-13 MTC WI, since EPDCCH is transmitted using all possible resources within a subframe, it is obvious that EPDCCH design is more appropriate than PDCCH design for NB-IoT physical downlink control channel. Also, RS pattern based on DMRS can be used for this downlink control channel demodulation. Overall, the design of physical downlink control channel design for NB-IoT can be based on M-PDCCH (i.e., physical downlink control channel design for Rel-13 MTC). For convenience, we call physical downlink control channel to NB-IoT EPDCCH.
Unlike legacy EPDCCH or M-PDCCH, NB-IoT EPDCCH should be mapped into 1 PRB in a subframe. Since resource mapping of legacy EPDCCH is based on 2, 4, and 8 PRBs, it needs to be discussed how to transmit NB-IoT EPDCCH via 1 PRB. Considerable options for NB-IoT resource mapping are listed below. 

· Option A: PRB-set with 1 PRB size is newly defined and up to 4 AL can be supported. A DCI is mapped into one subframe and repeated for multiple subframes.
· Option B: EPDCCH mapping using 2, 4, or 8 PRBs in a subframe can be transformed to NB-IoT EPDCCH mapping using 1 PRB and 2, 4, and 8 subframes. This subframe set used for a DCI mapping is repeated in time domain.

· Option C: Modified ECCE to EREG mapping can be adopted. For example, an ECCE can be composed by 4 EREGs where each EREG is located in a different subframe within subframe n, n+1, n+2, and n+3. In this case, up to 16 AL can be supported within 4 subframes, and these 4 subframes can be repeated in time domain.

It could be also discussed that which transmission scheme is appropriate to NB-IoT EPDCCH. Considering UE complexity, cost, and benefits of each transmission scheme, one transmission scheme can be used for NB-IoT EPDCCH.
Proposal 1: Physical downlink control channel design for NB-IoT is based on M-PDCCH. DMRS pattern can be utilized for demodulation of physical downlink control channel design for NB-IoT.
Proposal 2: Resource mapping of NB-IoT EPDCCH within 1 PRB needs to be discussed.
Proposal 3: It can be considered to select one transmission schemes for NB-IoT EPDCCH.
3 Search space composition for NB-IoT

For search space design for NB-IoT EPDCCH, following aspects needs to be considered.
· CSS and USS: Similar to LTE system, there can be two types of search space. One is to schedule broadcast data such as RAR and paging, and the other one is to schedule unicast data.
· NB-IoT EPDCCH monitoring subframes: To reduce the power consumption, it could be necessary to restrict the resources for control channel monitoring. One possible mechanism is to allocate a subset of available time resources for NB-IoT EPDCCH monitoring to a UE. Then the UE does not have to monitor every possible resource for its control message transmission. It can be utilized for TDM of search space among UEs.
· NB-IoT EPDCCH multiplexing: To support multiple NB-IoT UEs at the same time, whereas not to increase power consumption and blocking probability, multiplexing NB-IoT EPDCCHs for UEs among different coverage classes or within a same coverage class can be considered. For example, multiplexing using different subframe resources and/or multiplexing within a subframe can be considered.
· PRB-set: For legacy EPDCCH, two PRB-sets are supported in maximum. However, since there would be only one PRB, concept of PRB-set in EPDCCH seems not necessary. 
· Monitoring DCI format: It seems desirable to support a single demodulation RS for all channels. This RS can be use DMRS pattern, and single transmission scheme can be applied to all downlink channels including NB-IoT PBCH, EPDCCH and PDSCH. Under this assumption, a UE would not be required to monitor more than one DCI formats for PDSCH scheduling since there would be a single transmission scheme for PDSCH.
Proposal 4: It is considerable to restrict NB-IoT EPDCCH monitoring subframe.

Proposal 5: It needs to be considered multiplexing NB-IoT EPDCCHs for different UEs in same/different coverage class.

4 Conclusion 

In this contribution, we discussed physical downlink control channel for NB-IoT. Based on discussion, we obtained following proposals.
Proposal 1: Physical downlink control channel design for NB-IoT is based on M-PDCCH. DMRS pattern can be utilized for demodulation of physical downlink control channel design for NB-IoT.

Proposal 2: Resource mapping of NB-IoT EPDCCH within 1 PRB needs to be discussed.

Proposal 3: It can be considered to select one transmission schemes for NB-IoT EPDCCH. 
Proposal 4: It is considerable to restrict NB-IoT EPDCCH monitoring subframe.

Proposal 5: It needs to be considered multiplexing NB-IoT EPDCCHs for different UEs in same/different coverage class.
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