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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 control channels was provided in that document. Physical layer design described in is very flexible, allowing a very large number of tone and slot combinations. This document provides example grouping of tone and slot for PDCCH to address mobile stations with different coverage classes. 
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 the range of downlink power is proposed to be 20 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 of 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, our shortest block for a 100-byte message should span over at least 8 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 downlink control channel (PDCCH)
PDCCH is used to carry downlink control messages such as assignments (PDSCH/PUSCH) and acknowledgements for uplink data transmissions (i.e. ACK/NACK for data sent on the PUSCH).  It is assumed that response to a PRACH would be a PUSCH assignment. The PDCCH would also carry paging indication (similar to PICH in other 3GPP systems) but this is FFS for now. 
For CIoT majority of the data transfers are initiated by the mobile stations (i.e. to send a periodic report or to perform periodic registration updates) and much smaller number of data transfers would be initiated by the network (such to perform device management). It is quite likely that mobile station initiated data transfer generates a response from the application server hence the number of uplink and downlink packets likely to be similar. Typically a device would either be using uplink resources to send an uplink packet or a device would be waiting for a downlink packet but seldom it is expected to do both simultaneously. For this reason the PDCCH resources will predominantly be used to assign PUSCH or PDSCH resources.
In legacy systems where a device uses the access grant channel (AGCH in GERAN for example) to get the initial assignment of uplink or downlink physical data channels and then transmits or receives many data packets (i.e. relationship between AGCH usage and PDTCH usage is 1 to many). In CIoT, on the other hand, the assignment channel (PDCCH in this case) is likely to carry similar number of transactions as those carried by the PUSCH or PDSCH. For this reason PDCCH resources have to be dimensioned correctly to ensure it does not become the bottleneck. This means the number of downlink and uplink assignments that can be carried within one frame needs to match the number of devices that can be supported by PDSCH and PUSCH.
2.2 Assignment message size

The assignment message size is an important factor in determining the PDCCH resources. For the initial evaluation the message size is assumed to be 40 bits and this consists of:
· Message Type (Uplink, Downlink, PUSCH Ack/Nack, PICH etc.)

· Device ID (20bits) (Note)

· PUSCH/PDSCH resource designation

· Timing advance (both uplink and downlink assignment)

· Relative PRACH frame number (uplink assignment only)

· PUCCH index (downlink assignment only)
Note: Typically Device ID in case of PRACH is the content of the PRACH and for downlink assignments it’s the semi-static ID such as TLLI. Currently investigating if length of device ID can be reduced to around 20 bits.
2.3 PDCCH dimension

In this paper 21 slots are assumed for PDCCH, from which 20 slots are used for PDSCH & PUSCH assignments while 1 slot is set aside for PUSCH Ack/Nack as these three logical channels will predominantly use the PDCCH resources. Resource for PICH/paging channels is FFS.
The first 20 slots can be dynamically allocated to PDSCH and PUSCH assignments. This allocation can be potentially different across different categories of devices, and the information about the exact allocation for the current frame can be provided on the PBCH.

Devices are proposed to be categorized based on their PL values. A unique Tx configuration (i.e., Tx power, MCS, resource block size) is defined for each category. The PUSCH ACK/NACK of all the devices within a category is coded together and transmitted as a single message during the last slot of PDCCH. The size of this ack/nack message varies across categories and depends on the number of PUSCH resources allocated to each category (and in return on the population of devices within the category). 
Table 1 below provides an example of device categorization and configuration for each group of users and Figure 2 depicts how this maps to the tone-slot structure. 

Table 1 Proposed Design for PDCCH Segmentation
	
	Mobile Station Category

	
	1
	2
	3
	4
	5

	Path loss (dB)
	>155
	145 - 155
	135 - 145
	127 - 135
	< 127

	Modulation
	BPSK
	BPSK
	QPSK
	QPSK
	16-QAM

	Coding Rate
	1/3
	1/3
	1/3
	3/4
	3/4

	Repetition Factor
	2.5
	1
	1
	1
	1

	Tx power/tone (dBm)
	30
	25
	20
	20
	20

	Assignment

(size 40-bits)
	Transmission block size (Tones x Slots)
	5 x 5
	5 x 2
	5 x 1
	3 x 1
	3 x 0.5

	
	Transmission block size (bits)
	40
	40
	40
	54
	54

	
	#Transmission

Blocks within 20 slots
	8
	20
	60
	100
	400

	
	# Tones 
	10
	10
	15
	15
	30

	PUSCH Ack/Nack

(1 message/category/frame)
	Transmission block size
	10 x 1
	10 x 1
	15 x 1
	15 x 1
	30 x 1

	
	Payload (bits)
	20
	40
	120
	180
	1080
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Figure 2 Example of PDCCH resource segmentation
The total number of assignment messages that can be carried over the PDCCH within one frame is 588. On average this allows for ~294 devices (hence physical shared resource) to be addressed for each direction in one cell. This level of PDCCH capacity can easily serve 100K devices per hour as depicted in [3].
3 Summary

This document provides an example how the downlink control channel (PDCCH) transmission blocks can be defined by sub-dividing the devices according to path loss. The document also highlights that the PDCCH design needs to take into account the typical traffic scenarios to ensure PDCCH does not become the bottleneck. Because of NB-OFDMA flexibility, it is possible to have many different permutations and this situation can be avoided by following some simple guidelines when designing the transmission block sizes.
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