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C-UNB technology for Cellular IoT - Performance evaluation

Introduction
The Cooperative Ultra Narrow Band (C-UNB) technology is a disruptive approach for addressing the Cellular IoT requirements, as defined in [1]. Contribution [2] gives an overall description of the C-UNB technology. Contribution [3] is a description of the C-UNB physical layer, whereas contribution [4] is for MAC-layer. This document gives performance evaluation of the C-UNB technology with regards to requirements given in [5].

Capacity
Methodology
The methodology for capacity evaluation is fully detailed in chapter 3 and annex D, E & F of document [5]. The calculation assumes a coverage of a legacy cellular network with a given density of devices per cell and a given traffic model per device. The following subclauses explain how density and traffic assumptions are adapted to the C-UNB technology.

Coverage calculation
In 2G cellular networks, coverage is evaluated using a hexagonal grid: each 200kHz channel is dedicated to a given cell (see figure 1a). Capacity metric is defined as spectral efficiency in number of reports/200kHz/hour.


[image: ]
Figure 1a and 1b: Sector coverage in 2G and in C-UNB

In the case of C-UNB technology, the coverage for each 200kHz channel is much larger than a single hexagonal cell (see figure 1b), because of the overlap needed for cooperative reception. This overlap is not mandatory but helps reducing the probability of collisions.
In the following capacity evaluations, we define three levels of overlap:
high: range of a C-UNB site reaches the inter site distance (ISD),
low: range of a C-UNB site is 2/3 of ISD,
medium: range is 3/2 ISD.

Traffic model
Document [5] evaluates the capacity of candidate technologies with a traffic model of 80% of Mobile Autonomous Report (MAR) and 20% of Network Command. MARs are uplink and Network Commands are downlink. In C-UNB, there is no interaction between uplink capacity and downlink capacity, because downlink operates with time-delayed piggy-backing, therefore without adding extra traffic to the uplink. For the sake of simplicity, the traffic model of MAR is average as 11,2 MARs per day per device, as explained in Table 1.

The size of MARs is a Pareto distribution with parameters given in table E.2.1 of [5]. Capacity evaluation given hereunder use mean value of the MAR size given by the formula ([footnoteRef:-1]): [-1:  The formula (1) includes the tail of the distribution. In [5], the tail is cut to 200 bytes. Therefore, formula (1) is an overestimation of the actual mean value.] 


 (1)

where k is the shape parameter and xm is the minimum application payload size. With values given in table E.2.1 of [5], the mean size of a MAR is about 33.3 bytes.

Table 1: traffic model of MAR per day
	inter-arrival
time
	ratio
	number of MAR
per day
	average number of MAR per day

	1 day
	40%
	1
	
11,2

	2 hours
	40%
	2
	

	1 hour
	15%
	24
	

	30mn
	5%
	48
	




In C-UNB, the payload is variable size. With a payload size of 20 bytes, the average number of radio packet transmitted by a device per day is:



Capacity results
Table 2 gives the capacity of C-UNB technology in terms of device per square kilometers. Values ranging from 48 600 to 109 400 are compatible with the requirements of 60 680 devices/km2, as stated in [5]



Table 2: C-UNB capacity
	Overlap
	C-UNB sector radius
	Capacity (device/km2)

	high
	ISD
	48 600

	low
	2/3 ISD
	109 400

	medium
	3/2 ISD
	64 800




Battery life
Table 5.4-3 in document [5] defines various scenarios for battery life analysis. Different values for transmit power and packet sizes are suggested. Packet sizes include Payload and COAP+DTLS+UDP+IP header overhead. Results in Table 3 assume a C-UNB packet size of 25 bytes. The battery energy is 5 Wh, as stated in [5].

Table 3: battery life of C-UNB devices (in years)
[image: ]


Note: Battery lifes over 15-20 years can hardly be reached with a standard Lithium Polymer cell, but these values are given here to demonstrate the power efficiency of the C-UNB technology.

Conclusion
This contribution evaluates C-UNB performance in terms of capacity and battery life. Compared to the radio interface of legacy 2G networks, the C-UNB technology is totally disruptive. But the use of innovative features, such as ad'hoc micro-channels and cooperative reception, makes it compliant with the main requirements of Cellular IoT.
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