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C-UNB for Cellular IoT - Latency evaluation

revision of GPC150546
Scope
[bookmark: _GoBack]At GERAN#62, a new feasibility study on Cellular Internet of Things (CIoT) was approved [1]. The Cooperative Ultra Narrow Band (C-UNB) is a clean slate solution, whose general concept is described in [2]. C-UNB radio frames and link layer are defined in [3], [4] and [5].
This document evaluates the latency of C-UNB networks during transmission of MAR exception reports.
This is a revision of GPC150546, where changes are in red.
Evaluation methodology
Header
Annex E.2.1 of document [6] defines a MAR exception report payload of 20 bytes; the protocol overhead is 29 bytes (compressed) or 65 bytes (full overhead).
In C-UNB, the MAC-PDUs have relatively small payload size, resulting in segmentation when long application data have to be transmitted. In order to reduce the amount of data carried over the air interface, the preferred implementation of the C-UNB protocol is to skip the transmission of the protocol header and let it manage by the MS-avatar hosted in the C-UNB server (see [7] for system architecture).
Nevertheless, this contribution evaluates latency with and without protocol header for the sake of comparison.

Blind repetition
The C-UNB radio access technology assumes a number of blind repetitions for each MAC-PDU. Blind repetitions helps increasing the probability of good reception but reduces the overall network capacity. MAR exception reports require a high quality of service, therefore the present contribution considers that each MAC-PDU is transmitted with three PHY-PDUs (i.e. three repetition of the same radio packet).
Figure 1 depicts the transmission timing for a MAR exception report. Upon reception of the MAR (trigger event in figure 1), the mobile station starts a timer equals to the beacon cycle and schedules to listen for the next occurrence of the beacon channel it knows. Following transmissions occur with Tx power set according to Tx Power adaptation procedure.

[image: ]
Figure 1: Timing for exception report transmission


Initial BLER evaluation
C-UNB radio access technology has three sources of BLER: propagation, noise and collision. Appropriate link budget allows keeping the related BLER under a given threshold, whereas multiple transmissions and space diversity helps to mitigate collision-related BLER.
Given the length of the PHY-PDUs in table 1, the propagation-related BLER is always lower than 3.7%, hence lower than 5.10-5 with three repetitions.
Given the three repetitions of each MAC-PDU and the multiple receptions by several base stations, the collision related BLER is less than 3.10-4.
Therefore the latency is evaluated with the assumption that the initial message BLER is ≤ 1% (according to section 5.6 of [6]).
Results
Table 1 details latency calculation for a MAR exception report. Figures are valid for all coverage classes, because initial BLER is less than 1% for all cases.

Table 1: latency evaluation (size in bytes and time in ms)
	Item
	transmission
with 65 byte
protocol
overhead
	transmission with 29 byte protocol overhead
	transmission with no protocol overhead (managed by MS-Avatar)

	application data
	20
	20
	20

	protocol overhead
	65
	29
	0

	segmentation
	3x  29
	2x  25
	1x  20

	LL-PDU # and size
	3x  30
	2x  26
	1x  20

	MAC-PDU # and size
	3x  46,5
	2x  42,5
	1x  36,5

	PHY-PDU # and duration
	9x  1 488
	6x  1 360
	3x  1 168

	lead time (beacon cycle)
	1 400
	1 400
	1 400

	radio wake up time
	50
	50
	50

	gap between 2 radio packet
	25
	25
	25

	Latency
	15 042
	9 735
	5 014



Conclusion
This contribution deals with latency evaluation of MAR exception reports. The C-UNB radio access technology delivers the MAR exception reports in less than 10s when the transmission over the air interface is optimized, that is to say, when protocol overhead is either not transmitted over the air, or transmitted with compressed IP address.
When the full protocol header is transmitted over the air along with the application data, the latency for MAR exception reports is about 15 seconds.
References
[1]	GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, VODAFONE Group Plc., GERAN#62, 26-29 May'14, Valencia.

[2]	GP-150708, "Cooperative Ultra Narrow Band - General Description", SIGFOX, GERAN meeting #67, 10_14 August 2015, Yin Chuan, China

[3] 	GP-150709, "C-UNB technology for Cellular IoT - Downlink Physical Layer Design", SIGFOX, GERAN meeting #67, 10_14 August 2015, Yin Chuan, China

[4] 	GP-150710, "C-UNB technology for Cellular IoT - Uplink Physical Layer Design", SIGFOX, GERAN meeting #67, 10_14 August 2015, Yin Chuan, China

[5] 	GP-150711, "C-UNB Link Layer Aspects", SIGFOX, GERAN meeting #67, 10_14 August 2015, Yin Chuan, China

[6]	TR 45.820 v1.4.0 (2015-07), "Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things"

[7]	GPC150368, "C-UNB architecture", 3GPP GERAN meeting#66, 25-29 May 2015, Vilnius, Lithuania
	PAGE : 1/2
	PAGE 2/3
image1.png
trigger event (exception report)

Power

beacon cycle period

D Ol R LR R L EECEEELEEERERt - — e
beacon reception

Process.

pspr— N

>
time (not to scale)





50 GO mst? s
T Cn, o S 715358872045
inm s

C-UNG for Cllla 1T - Latncy evauation

s, e o st o et of i o 1
i G U bt €1 G s At %
e it e b O S

[ ——————

P —
et g s s i et s o 20 s ot

et ey, b L EA b i o T G
PP A et oo . ton e of b
s et T e b o e e 02 B 0
i et e e b o o




