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1 Introduction
A narrowband OFDMA (NB-OFDMA) solution for GERAN Cellular IoT is described in [1]. In this document, the updated PDCCH design including coverage classes and MCS are provided. In addition, supported downlink and uplink MCS and transport block size (TBS) are listed together with the mapping from PDCCH coverage classes to data channel MCS and TBS.  
2 Physical-Layer Downlink Control Channel 

In [2], the design of physical downlink control channel (PDCCH) is discussed with the following assumptions:

· Each PDCCH message has 40 bits payload.

· The maximal transmit power difference of 10 dB is allowed between different coverage classes.

· PUSCH acknowledgement uses different resource blocks. 

However, the downlink control message format was introduced in [3] and it was shown that the message length can be as large as 72 bits. In addition, it was assumed in [3] that all messages belonging to a PDCCH coverage class share the same resource block and independently encoded. 

In light of above, a new PDCCH design is proposed with the following considerations.

· Each PDCCH message has 72 bits payload. For messages with less than 72 bits, zeros are padded.

· All messages belonging to a coverage class, including paging, downlink and uplink assignments, PUSCH acknowledgments, share the same resource block.

· Messages are independently encoded to save UE power. 

· Resource blocks for different coverage classes occupy different tones. At least one empty tone is inserted in between two resource blocks to reduce interference between resource blocks arising from possible frequency offset. This is particularly beneficial when the difference between the transmit power levels per tone of the two resource blocks is large. 

PDCCH resource segmentation assuming 3 coverage classes is illustrated in Fig. 1.
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Figure 1 Illustration of PDCCH resource segmentation for different coverage classes.
PDCCH occupies the 24 slots immediately following the PBCH slots in a frame. A total of 5 coverage classes are used in PDCCH and the corresponding modulation and coding schemes (MCS’s) are listed in Table 1.

Table 1 List of MCS’s used by different PDCCH coverage classes.

	Coverage Class
	1
	2
	3
	4
	5

	MCS
	16QAM rate-1/2 
	QPSK rate-3/4
	BPSK rate-1/2
	BPSK rate -1/8
	BPSK rate-1/24


For system-level simulation assumption defined in Annex D of [1], the resource segmentation of PDCCH is provided in Table 2.

Table 2 A PDCCH resource segmentation.

	Coverage Classes
	1
	2
	3
	4
	5

	MCS
	16 QAM rate 1/2
	QPSK rate-3/4
	BPSK rate-1/2
	BPSK rate -1/8
	BPSK rate -1/24

	Resource Unit (tones×slots)
	2x1
	2x2
	2x6
	4x12
	6x24

	Total Number of tones
	2
	14
	16
	16
	2

	Total Number of Messages
	24
	84
	32
	8
	3

	Tx power/tone (dBm)
	21
	23
	23
	24
	27


The recommended maximal coupling losses supported by different coverage classes are given in Table 2.

Table 3 Recommended MCL of different coverage classes.

	Coverage Classes
	1
	2
	3
	4
	5

	Supported MCL (dB)
	138.7
	143.5
	151.0
	157.1
	165.0


A total of 8 PDCCH configuration formats are allowed and indicated by the PDCCH configuration bits carried in primary system information. Other PDCCH configuration formats are F.F.S.

3 MCS and Transport Block Size of PDSCH

A transport block is the physical resource assigned for the transmission of a data packet. A transport block consists of an even umber of slots and an integer number of tones. A large number of transport block sizes (TBS’s) are defined for each MCS to support fine granularity of packet size as well as different tradeoff between resource efficiency (via power allocation) and interference.

The pairs of MCS and TBS defined for PDSCH are listed in Table 4. 

A PDCCH coverage class can address to up to 32 pairs of MCS and TBS [3]. The mapping between PDCCH coverage classes and PDSCH MCS-TBS pairs is listed in Table 5.


4 MCS and Transport Block Size of PUSCH


5 Summary

The updated design of PDCCH has been provided. The updated design is optimized to save UE power consumption and based on a maximal of 6 dB transmit power imbalance among tones. The MCS and TBS of both downlink and uplink shared channels are provided, together with their mapping to PDCCH coverage classes. The corresponding pCR is provided in [4].
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