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1 Introduction
NB-PDCCH design was discussed in NB-IoT Adhoc meeting with the following agreements.
Agreements:
· A CCE for NB-PDCCH is composed by resources within a subframe
· within a PRB pair, 2 CCEs are defined 

· Single antenna port transmission is also supported based on the above definition 

· Same transmission scheme is applied to NB-PDCCH, NB-PBCH, and NB-PDSCH

· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases

· In in-band, first few OFDM symbols are not used for NB-PDCCH
· FFS CFI is signaled by SIB or MIB or fixed to 3

· In stand-alone and guard-band, all OFDM symbols are assumed to be available for NB-PDCCH
· REG is not defined for NB-PDCCH
Agreements:
· Within CCE resource(s) for NB-PDCCH transmission, a SFBC pair is transmitted consecutively available two REs which is within a OFDM symbol
· REs within SFBC pair can be separated at most one tone

· LTE CRS (if present) is rate matched

· NB-RS  is rate matched

· This has no implication of NB-RS patterns
· FFS: handling of CSI-RS REs
Agreements:
· For NB-IoT, 

· One CCE consists of 6 subcarriers per OFDM symbol in a subframe
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE

· It means that only cross subframe scheduling is supported
· Different NB-PDCCHs:

· TDM at subframe level for extended and extreme coverage.

· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM
2 Discussion

CCE mapping
For NB-PDCCH, it was agreed to define 2 CCEs within a PRB pair and each CCE consists of 6 subcarriers per OFDM symbol in a subframe. In addition, it was agreed to not define REG for NB-PDCCH. The detailed CCE to RE mapping remains FFS.
Several CCE to RE mapping schemes can be considered as shown in Figure 1. REs for reference signal are for illustration purpose and the exact locations are to be decided.
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Figure 1: Examples of CCE to RE mapping
Among all the options, option 1 shares the maximal commonality with PDSCH resource mapping. It is easier to multiplex NB-PDCCH and PDSCH in the same PRB-pair if necessary. Option 4 distributes REs of one CCE uniformly within a PRB pair similarly as legacy control channel.
The link-level performance of option 1 and option 4 are compared based on the assumptions listed in Annex.
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The performance difference between option 1 and option 4 is negligible. Therefore, it is proposed to adopt option 1 for CCE to RE mapping for NB-PDCCH.
Proposal 1: Option 1 is adopted for CCE to RE mapping for NB-PDCCH.
Common search space

CSS was introduced for M-PDCCH for at least RAR and paging scheduling. It is yet to be decided if CSS is introduced for NB-PDCCH. Considering the variable message size and scheduling flexibility, it is proposed to introduce CSS for NB-PDCCH as well.
Proposal 2: CCS is introduced for NB-PDCCH.

3 Conclusions

In this contribution, we discuss NB-PDCCH with the following proposals.

Proposal 1: Option 1 is adopted for CCE to RE mapping for NB-PDCCH.

Proposal 2: CCS is introduced for NB-PDCCH.

4 Annex

	Parameter
	value

	Channel bandwidth
	180kHz

	Carrier frequency
	900MHz

	Antenna configuration
	DL : 2X1 SFBC

	Channel model, Doppler spread
	TU 1Hz

	TB size
	48bit

	Modulation
	QPSK

	Channel coding
	TBCC

	Number of CCE
	1

	CRC
	16bit

	Performance target
	10% BLER

	Operation mode
	standalone

	Channel estimation
	2D-MMSE, Ideal
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