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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 associated MCS are provided. In addition, transmit formats, including MCS, resource block size, and transmit power, supported by PDSCH and PUSCH for different coverage classes are defined. 
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 possible interference between resource blocks due to 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 Transmit Formats of PDSCH

For PDSCH, the transmit format of a data packet is identified by the MCS and resource block size (RBS). A resource block is the physical resource assigned for the transmission of a data packet. It consists of an even umber of slots. For each coverage class as defined by PDCCH, up to 32 resource block sizes (RBS) and MCS pair can be defined to support different packet sizes as well as different coupling loss and power allocation levels [3]. 
A total of 5 physical-layer packet sizes are supported in the downlink, they are 25 bytes, 50 bytes, 75 bytes, 100 bytes, and 125 bytes.
Below, the PDSCH MCS and RBS pairs defined for coverage classes 1 to 5 are listed in Tables 4 to 8, respectively. 
Table 4. PDSCH MCS and RBS for coverage class 1.
	MCS& RBS Index
	MCS
(Mod.-Rate)
	RBS

(Tone×Slot)
	Bytes
	MCS & RBS Index
	MCS
(Mod.-Rate)
	RBS
(Tone×Slot)
	Bytes

	0
	16QAM-0.5682
	1×40
	125
	8
	16QAM-0.5208
	8×2
	50

	1
	16QAM-0.5682
	1×32
	100
	9
	16QAM-0.5208
	4×2
	25

	2
	16QAM-0.5682
	1×24
	75
	10
	16QAM-0.5208
	10×4
	125

	3
	16QAM-0.5682
	1×16
	50
	11
	16QAM-0.5208
	8×4
	100

	4
	16QAM-0.5682
	1×8
	25
	12
	16QAM-0.5208
	6×4
	75

	5
	16QAM-0.5208
	20×2
	125
	13
	16QAM-0.5208
	4×4
	50

	6
	16QAM-0.5208
	16×2
	100
	14
	16QAM-0.5208
	2×4
	25

	7
	16QAM-0.5208
	12×2
	75
	-
	
	
	


Table 5 PDSCH MCS and RBS for coverage class 2.
	MCS& RBS Index
	MCS

(Mod.-Rate)
	RBS

(Tone×Slot)
	Bytes
	MCS & RBS Index
	MCS

(Mod-Rate)
	RBS

(Tone×Slot)
	Bytes

	0
	QPSK-0.5208
	8×10
	125
	8
	16QAM-0.4545
	1×50
	125

	1
	QPSK-0.5208
	8×8
	100
	9
	16QAM-0.4545
	1×40
	100

	2
	QPSK-0.5208
	8×6
	75
	10
	16QAM-0.4545
	1×30
	75

	3
	QPSK-0.5208
	8×4
	50
	11
	16QAM-0.4545
	1×20
	50

	4
	QPSK-0.5208
	8×2
	25
	12
	16QAM-0.4545
	1×10
	25

	5
	QPSK-0.6944
	2×30
	125
	13
	16QAM-0.5208
	2×20
	125

	6
	QPSK-0.6944
	2×24
	100
	14
	16QAM-0.5208
	2×16
	100

	7
	QPSK-0.6944
	2×18
	75
	15
	16QAM-0.5208
	2×12
	75

	8
	QPSK-0.6944
	2×12
	50
	18
	16QAM-0.5208
	2x8
	50

	9
	QPSK-0.6944
	2×6
	25
	19
	16QAM-0.5208
	2x4
	25


Table 6 PDSCH MCS and RBS for coverage class 3.
	MCS& RBS Index
	MCS

(Mod.-Rate)
	RBS

(Tone×Slot)
	Bytes
	MCS & RBS Index
	MCS

(Mod.-Rate)
	RBS

(Tone×Slot)
	Bytes

	0
	BPSK-0.4630
	2×90
	125
	10
	QPSK-0.4167
	2×50
	125

	1
	BPSK-0.4630
	2×72
	100
	11
	QPSK-0.4167
	2×40
	100

	2
	BPSK-0.4630
	2×54
	75
	12
	QPSK-0.4167
	2×30
	75

	3
	BPSK-0.4630
	2×36
	50
	13
	QPSK-0.4167
	2×20
	50

	4
	BPSK-0.4630
	2×18
	25
	14
	QPSK-0.4167
	2×10
	725

	5
	BPSK-0.6944
	4×30
	125
	15
	QPSK-0.6944
	2×30
	125

	6
	BPSK-0.6944
	4×24
	100
	16
	QPSK-0.6944
	2×24
	100

	7
	BPSK-0.6944
	4×18
	75
	17
	QPSK-0.6944
	2×18
	75

	8
	BPSK-0.6944
	4×12
	50
	18
	QPSK-0.6944
	2×12
	50

	9
	BPSK-0.6944
	4×6
	25
	19
	QPSK-0.6944
	2×6
	25


Table 7 PDSCH MCS and RBS for coverage class 4.
	MCS& RBS Index
	MCS

(Mod.-Rate)
	RBS

(Tone×Slot)
	Bytes
	MCS & RBS Index
	MCS

(Mod.-Rate)
	RBS

(Tone×Slot)
	Bytes

	0
	BPSK-0.3247
	1×280
	125
	10
	BPSK-0.2976
	4×70
	125

	1
	BPSK-0.3247
	1×224
	100
	11
	BPSK-0.2976
	4×56
	100

	2
	BPSK-0.3247
	1×168
	75
	12
	BPSK-0.2976
	4×42
	75

	3
	BPSK-0.3247
	1×112
	50
	13
	BPSK-0.2976
	4×28
	50

	4
	BPSK-0.3247
	1×56
	25
	14
	BPSK-0.2976
	4×14
	725

	5
	BPSK-0.3205
	2×130
	125
	15
	BPSK-0.4630
	2×90
	125

	6
	BPSK-0.3205
	2×104
	100
	16
	BPSK-0.4630
	2×72
	100

	7
	BPSK-0.3205
	2×78
	75
	17
	BPSK-0.4630
	2×54
	75

	8
	BPSK-0.3205
	2×52
	50
	18
	BPSK-0.4630
	2×36
	50

	9
	BPSK-0.3205
	2×26
	25
	19
	BPSK-0.4630
	2×18
	25


Table 8 PDSCH MCS and RBS for coverage class 5.

	MCS& RBS Index
	MCS

(Mod.-Rate)
	RBS

(Tone×Slot)
	Bytes
	MCS & RBS Index
	MCS

(Mod.-Rate)
	RBS

(Tone×Slot)
	Bytes

	0
	BPSK-1/24
	4×500
	125
	10
	BPSK-0.1042
	2×400
	125

	1
	BPSK-1/24
	4×400
	100
	11
	BPSK-0.1042
	2×320
	100

	2
	BPSK-1/24
	4×300
	75
	12
	BPSK-0.1042
	2×240
	75

	3
	BPSK-1/24
	4×200
	50
	13
	BPSK-0.1042
	2×160
	50

	4
	BPSK-1/24
	4×100
	25
	14
	BPSK-0.1042
	2×80
	725

	5
	BPSK-1/12
	2×500
	125
	15
	BPSK-0.1653
	1×550
	125

	6
	BPSK-1/12
	2×400
	100
	16
	BPSK-0.1653
	1×440
	100

	7
	BPSK-1/12
	2×300
	75
	17
	BPSK-0.1653
	1×330
	75

	8
	BPSK-1/12
	2×200
	50
	18
	BPSK-0.1653
	1×220
	50

	9
	BPSK-1/12
	2×100
	25
	19
	BPSK-0.1653
	1×110
	25


4 Transmit Formats of PUSCH
For PUSCH, the transmit format of a data packet is identified by a 3-tuple consisting of MCS, resource block size (RBS), and power reduction relative to the maximal transmit power, 23 dBm, in addition to the power reduction signaled in its associated assignment message. 
A resource block for PUSCH consists of an even number of slots. For each coverage class as defined by PDCCH, up to 32 transmission formats can be defined to support different packet sizes and coupling losses [3]. 
A total of 6 physical-layer packet sizes are supported in the uplink, they are 25 bytes, 50 bytes, 75 bytes, 100 bytes, 125 bytes, and 150 bytes.
Below, the PUSCH MCS, RBS, and power reduction (PR) defined for coverage classes 1 to 5 are listed in Tables 9 to 13, respectively. 

Table 9 PUSCH MCS, RBS, and Power Reduction for coverage class 5.

	Index
	MCS

(Mod.-Rate)
	RBS

(T×S)
	PR
(dB)
	Bytes
	Index
	MCS

(Mod.-Rate)
	RBS
(T×S)
	PR (dB)
	Bytes

	0
	QPSK-0.5208
	8×12
	10
	150
	10
	(8,8)TPSK-0.6944
	8×24
	12
	150

	1
	QPSK-0.5208
	8×10
	10
	125
	11
	(8,8)TPSK-0.6944
	8×20
	12
	125

	2
	QPSK-0.5208
	8×8
	10
	100
	12
	(8,8)TPSK-0.6944
	8×16
	12
	100

	3
	QPSK-0.5208
	8×6
	10
	75
	13
	(8,8)TPSK-0.6944
	8×12
	12
	75

	4
	QPSK-0.5208
	8×4
	10
	50
	14
	(8,8)TPSK-0.6944
	8×8
	12
	50

	5
	QPSK-0.5208
	8×2
	10
	25
	15
	(8,8)TPSK-0.6944
	8×4
	12
	25


Table 10 PUSCH MCS, RBS, and Power Reduction for coverage class 4.

	Index
	MCS

(Mod.-Rate)
	RBS

(T×S)
	PR

(dB)
	Bytes
	Index
	MCS

(Mod.-Rate)
	RBS

(T×S)
	PR (dB)
	Bytes

	0
	QPSK-0.5208
	4×24
	8
	150
	9
	QPSK-0.5208
	8×6
	6
	75

	1
	QPSK-0.5208
	4×20
	8
	125
	10
	QPSK-0.5208
	8×4
	6
	50

	2
	QPSK-0.5208
	4×16
	8
	100
	11
	QPSK-0.5208
	8×2
	6
	25

	3
	QPSK-0.5208
	4×12
	8
	75
	12
	(8,8)TPSK-0.6944
	8×24
	8
	150

	4
	QPSK-0.5208
	4×8
	8
	50
	13
	(8,8)TPSK-0.6944
	8×20
	8
	125

	5
	QPSK-0.5208
	4×4
	8
	25
	14
	(8,8)TPSK-0.6944
	8×16
	8
	100

	6
	QPSK-0.5208
	8×12
	6
	150
	15
	(8,8)TPSK-0.6944
	8×12
	8
	75

	7
	QPSK-0.5208
	8×10
	6
	125
	16
	(8,8)TPSK-0.6944
	8×8
	8
	50

	8
	QPSK-0.5208
	8×8
	6
	100
	17
	(8,8)TPSK-0.6944
	8×4
	8
	25


Table 11 PUSCH MCS, RBS, and Power Reduction for coverage class 3.

	Index
	MCS

(Mod.-Rate)
	RBS

(T×S)
	PR

(dB)
	Bytes
	Index
	MCS

(Mod.-Rate)
	RBS

(T×S)
	PR (dB)
	Bytes

	0
	QPSK-0.7576
	1×24
	0
	50
	10
	(8,8)TPSK-0.6944
	8×16
	0
	100

	1
	QPSK-0.7576
	1×12
	0
	25
	11
	(8,8)TPSK-0.6944
	8×12
	0
	75

	2
	(4,4)TPSK-0.6944
	4×36
	0
	150
	12
	(8,8)TPSK-0.6944
	8×8
	0
	50

	3
	(4,4)TPSK-0.6944
	4×30
	0
	125
	13
	(8,8)TPSK-0.6944
	8×4
	0
	25

	4
	(4,4)TPSK-0.6944
	4×24
	0
	100
	14
	QPSK-0.5208
	4×24
	5
	150

	5
	(4,4)TPSK-0.6944
	4×18
	0
	75
	15
	QPSK-0.5208
	4×20
	5
	125

	6
	(4,4)TPSK-0.6944
	4×12
	0
	50
	16
	QPSK-0.5208
	4×16
	5
	100

	7
	(4,4)TPSK-0.6944
	4×6
	0
	25
	17
	QPSK-0.5208
	4×12
	5
	75

	8
	(8,8)TPSK-0.6944
	8×24
	0
	150
	18
	QPSK-0.5208
	4×8
	5
	50

	9
	(8,8)TPSK-0.6944
	8×20
	0
	125
	19
	QPSK-0.5208
	4×4
	5
	25


Table 12 PUSCH MCS, RBS, and Power Reduction for coverage class 2.

	Index
	MCS

(Mod.-Rate)
	RBS

(T×S)
	PR

(dB)
	Bytes
	Index
	MCS

(Mod.-Rate)
	RBS

(T×S)
	PR (dB)
	Bytes

	0
	(2,2)TPSK-0.3247
	2×52
	0
	50
	16
	(2,2)TPSK-0.6944
	2×72
	0
	150

	1
	(2,2)TPSK-0.3247
	2×26
	0
	25
	17
	(2,2)TPSK-0.6944
	2×60
	0
	125

	2
	QPSK-0.3247
	1×56
	0
	50
	18
	(2,2)TPSK-0.6944
	2×48
	0
	100

	3
	QPSK-0.3247
	1×28
	0
	25
	19
	(2,2)TPSK-0.6944
	2×36
	0
	75

	4
	QPSK-0.4545
	1×120
	0
	150
	20
	(2,2)TPSK-0.6944
	2×24
	0
	50

	5
	QPSK-0.4545
	1×100
	0
	125
	21
	(2,2)TPSK-0.6944
	2×12
	0
	25

	6
	QPSK-0.4545
	1×80
	0
	100
	22
	(4,4)TPSK-0.4630
	4×54
	0
	150

	7
	QPSK-0.4545
	1×60
	0
	75
	23
	(4,4)TPSK-0.4529
	4×46
	0
	125

	8
	QPSK-0.4545
	1×40
	0
	50
	24
	(4,4)TPSK-0.4630
	4×36
	0
	100

	9
	QPSK-0.4545
	1×20
	0
	25
	25
	(4,4)TPSK-0.4464
	4×28
	0
	75

	10
	QPSK-0.6494
	1×84
	0
	150
	26
	(4,4)TPSK-0.4630
	4×18
	0
	50

	11
	QPSK-0.6494
	1×70
	0
	125
	27
	(4,4)TPSK-0.4167
	4×10
	0
	25

	12
	QPSK-0.6494
	1×56
	0
	100
	28
	QPSK-0.7576
	1×72
	0
	150

	13
	QPSK-0.6494
	1×42
	0
	75
	29
	QPSK-0.7576
	1×60
	0
	125

	14
	QPSK-0.6494
	1×28
	0
	50
	30
	QPSK-0.7576
	1×48
	0
	100

	15
	QPSK-0.6494
	1×14
	0
	25
	31
	QPSK-0.7576
	1×36
	0
	75


Table 13 PUSCH MCS, RBS, and Power Reduction for coverage class 1.
	Index
	MCS

(Mod.-Rate)
	RBS

(T×S)
	PR

(dB)
	Bytes
	Index
	MCS

(Mod.-Rate)
	RBS

(T×S)
	PR (dB)
	Bytes

	0
	BPSK-0.1684
	1×648
	0
	150
	16
	BPSK-0.3247
	1×112
	0
	50

	1
	BPSK-0.1684
	1×540
	0
	125
	17
	BPSK-0.3247
	1×56
	0
	25

	2
	BPSK-0.1684
	1×432
	0
	100
	18
	BPSK-0.5051
	1×216
	0
	150

	3
	BPSK-0.1684
	1×354
	0
	75
	19
	BPSK-0.5051
	1×180
	0
	125

	4
	BPSK-0.1684
	1×216
	0
	50
	20
	BPSK-0.5051
	1×144
	0
	100

	5
	BPSK-0.1684
	1×108
	0
	25
	21
	BPSK-0.5051
	1×108
	0
	75

	6
	BPSK-0.2525
	1×432
	0
	150
	22
	BPSK-0.5051
	1×72
	0
	50

	7
	BPSK-0.2525
	1×360
	0
	125
	23
	BPSK-0.5051
	1×36
	0
	25

	8
	BPSK-0.2525
	1×288
	0
	100
	24
	(2,2)TPSK-0.3205
	2×156
	0
	150

	9
	BPSK-0.2525
	1×216
	0
	75
	25
	(2,2)TPSK-0.3205
	2×130
	0
	125

	10
	BPSK-0.2525
	1×144
	0
	50
	26
	(2,2)TPSK-0.3205
	2×104
	0
	100

	11
	BPSK-0.2525
	1×72
	0
	25
	27
	(2,2)TPSK-0.3205
	2×78
	0
	75

	12
	BPSK-0.3247
	1×56
	0
	150
	28
	QPSK-0.3247
	1×168
	0
	150

	13
	BPSK-0.3247
	1×280
	0
	125
	29
	QPSK-0.3247
	1×140
	0
	125

	14
	BPSK-0.3247
	1×224
	0
	100
	30
	QPSK-0.3247
	1×112
	0
	100

	15
	BPSK-0.3247
	1×168
	0
	75
	31
	QPSK-0.3247
	1×84
	0
	75


5 Summary
The updated design of PDCCH has been provided. The design is optimized to save UE power consumption and based on a maximal of 6 dB transmit power imbalance among tones. For each coverage class, up to 32 PDSCH and PUSCH transmit formats have been defined.   
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