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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) (see [1]). A narrow band OFDMA based solution was proposed in [2] and a high level description of the downlink and uplink channels was provided in that document. Physical layer design described in [2] is very flexible, allowing a very large number of tone and slot combinations. In GERAN Ad-hoc on CIoT meeting in February 2015, an example grouping of tone and slot for PDCCH to address mobile stations with different coverage classes was shown in [4]. This document describes example block formats for the other uplink and downlink channels.
2 Physical layer transmission block design 
To define physical layer transmission block structures the following aspects are taken into account.
In designing different transmission blocks, the following aspects are taken into account.
1. In order to limit interference, downlink power control can be used. For this a range of downlink power is proposed, such as 16 dBm – 30 dBm per tone.
2. MCS design presented in [2] assumed smallest message size of 100-byte message. Where it is necessary to transmit less than 100 byte, padding would be used to fill the entire transmission block. But padding wastes both energy & bandwidth and this should be avoided in GERAN CIoT. For this reason smaller transmission blocks (e.g., for 25, 50 and 75 bytes) are being considered. Furthermore, to support frequency hopping it is necessary to have minimum transmission duration of 2 slots for the smallest transmission block.  Considering the above two design aspects, we consider additional transmission blocks for smaller message sizes, where the shortest block spans over at least 2 slots.
3. Those devices with small path loss to the base station may not need to transmit their uplink traffic at full power (i.e., 23 dBm). Therefore to limit interference and reduce power consumption in the device it is proposed to apply some level of uplink power control.
4. Resource segmentation according to path loss distribution: Devices can be categorized based on their path loss, and allocate the number of transmission blocks (along with the appropriate MCS and Tx power) to different groups of devices. The number of transmission blocks allocated to each group should be proportional to the population of devices in the path loss group. For this design aspect mobile station distribution according to path loss is used (see Figure 1). 
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Figure 1 Path loss distribution

2.1 Physical resource block design
The Physical broadcast channel carries system information. In NB-OFDMA one physical resource block carries the primary system information message that includes frame number and some other semi static information and one resource block carries the remaining semi static system information messages (see [5]). The physical resource block shown in Table 1 is designed to optimally carry the various system information messages. The coding for the resource block that carries primary system information message is stronger than the other resource block because mobile station is not able to combine information from two or more instances of PSI to improve decoding while this is possible with system information messages carried in the other radio resource block. Both resource blocks are designed to cater for the worst coverage class.
Table 1 PBCH coding and modulation schemes
	Purpose
	Pay load size (Bytes)

(Note)
	No. of tones
	Slots
	Coding rate
	Modulation
	Repetition

	Carry PSI
	44
	18
	0, 1
	1/10
	BPSK
	1x

	Carry SIs
	72
	18
	2, 3, 4
	1/9
	BPSK
	1x


The downlink control channel, PDCCH, is a shared channel but a different group of tone/slot combinations are designed for different coverage classes. Of course the resource block designed for one path loss can be used for a device with lower path loss. In the current example design the payload for all downlink PDCCH resource blocks is set to 72 bits as this is foreseen to be enough for downlink control messages without segmentation. An example of different downlink resource block segments for different path loss (aka coverage class) are show in Table 2.
Table 2 PDCCH segment formats

	Downlink Segment Format
	Coverage class
	Pay load size (bits)

(Note)
	No. of tones
	No. of slots
	Coding rate
	Modulation
	Repetition
	Max Path Loss (dB)

	1
	5
	72
	4
	13.5
	1/3
	BPSK
	3x
	< 164

	2
	4
	72
	4
	4.5
	1/3
	BPSK
	1x
	< 155

	3
	3
	72
	4
	2.25
	1/3
	QPSK
	1x
	< 145

	4
	2
	72
	4
	1
	3/4
	QPSK
	1x
	< 135

	5
	1
	72
	4
	0.5
	3/4
	16QAM
	1x
	< 127


The downlink resource for carrying data packets not only has to cater for different path losses but also different payload sizes for optimal spectrum usage. The base physical resource block for each path loss is designed for the largest pay load size (shown in bold in Table 3) and the resource block for smaller payload is then derived from this base payload size. Note that on the downlink the number of tones is the same. 

A similar approach applies for uplink physical resource block design but then number of tones varies depending path loss as shown in Table 4.
Table 3 PDSCH segment formats

	Downlink Segment Format
	Coverage class
	Pay load size (Bytes)

(Note)
	No. of tones
	No. of slots
	Coding rate
	Modulation
	Repetition
	Max Path Loss (dB)

	1
	5
	26
	4
	26
	1/3
	BPSK
	2x
	< 164

	2
	
	50
	4
	50
	1/3
	BPSK
	2x
	

	3
	
	74
	4
	74
	1/3
	BPSK
	2x
	

	4
	
	100
	4
	100
	1/3
	BPSK
	2x
	

	5
	4
	28
	4
	14
	1/3
	BPSK
	1x
	< 155

	6
	
	52
	4
	26
	1/3
	BPSK
	1x
	

	7
	
	76
	4
	38
	1/3
	BPSK
	1x
	

	8
	
	100
	4
	50
	1/3
	BPSK
	1x
	

	9
	3
	24
	4
	6
	1/3
	QPSK
	1x
	< 145

	10
	
	56
	4
	14
	1/3
	QPSK
	1x
	

	11
	
	80
	4
	20
	1/3
	QPSK
	1x
	

	12
	
	104
	4
	26
	1/3
	QPSK
	1x
	

	13
	2
	36
	4
	4
	3/4
	QPSK
	1x
	< 135

	14
	
	54
	4
	6
	3/4
	QPSK
	1x
	

	15
	
	72
	4
	8
	3/4
	QPSK
	1x
	

	16
	
	108
	4
	12
	3/4
	QPSK
	1x
	

	17
	1
	36
	4
	2
	3/4
	16QAM
	1x
	< 127

	18
	
	72
	4
	4
	3/4
	16QAM
	1x
	

	19
	
	108
	4
	6
	3/4
	16QAM
	1x
	


Table 4 PUSCH segment configuration

	Uplink MCS
	Coverage class
	Pay load size (Bytes)

(Note)
	No. of tones
	No. of slots
	Coding rate
	Modulation
	Repetition
	Max Path Loss (dB)

	1
	5
	25
	1
	100
	1/3
	BPSK
	2x
	< 164

	2
	
	50
	1
	200
	1/3
	BPSK
	2x
	

	3
	
	75
	1
	300
	1/3
	BPSK
	2x
	

	4
	
	100
	1
	400
	1/3
	BPSK
	2x
	

	5
	4
	25
	1
	50
	1/3
	BPSK
	1x
	< 161

	6
	
	50
	1
	100
	1/3
	BPSK
	1x
	

	7
	
	75
	1
	150
	1/3
	BPSK
	1x
	

	8
	
	100
	1
	200
	1/3
	BPSK
	1x
	

	9
	3
	26
	2
	26
	1/3
	(2,2) TPSK
	1x
	< 155

	10
	
	52
	2
	52
	1/3
	(2,2) TPSK
	1x
	

	11
	
	76
	2
	76
	1/3
	(2,2) TPSK
	1x
	

	12
	
	100
	2
	100
	1/3
	(2,2) TPSK
	1x
	

	13
	2
	27
	4
	6
	3/4
	(4,4) TPSK
	1x
	< 149

	14
	
	54
	4
	12
	3/4
	(4,4) TPSK
	1x
	

	15
	
	81
	4
	18
	3/4
	(4,4) TPSK
	1x
	

	16
	
	108
	4
	24
	3/4
	(4,4) TPSK
	1x
	

	17
	1
	18
	4
	2
	3/4
	QPSK
	1x
	< 145

	18
	
	54
	4
	6
	3/4
	QPSK
	1x
	

	19
	
	72
	4
	8
	3/4
	QPSK
	1x
	

	20
	
	108
	4
	12
	3/4
	QPSK
	1x
	


3 Summary

This document provides an example of physical resource block designs for uplink and downlink channels. NB-OFDMA flexibility allows for various tone/slot combinations to make optimal use of physical resources and minimise power consumption. It is proposed to include the physical resource block designs into the TR and this has been incorporated into [6].
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