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1 Introduction
A narrowband OFDMA concept for GERAN Cellular IoT is described in [1] together with high level MAC procedures for data transfer. This paper provides latency evaluation for delivery of application ack from base station to mobile station for exception reports. 

2 Application Ack delivery procedure
The different steps involved in delivering an application ack to mobile station is shown in Figure 1. The time it takes to complete each step depends on coverage class.
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Figure 1 Steps for application ack delivery
2.1  Time to synchronize
A device that has transmitted exception report would be awake monitoring downlink control channels hence synchronization is not required.
2.2 Time to read Primary System Information

The time to read primary system information message is exactly 2-slot duration (11.925ms) as the device is already synchronized to the network.
2.3 Time to receive assignment

Time it takes to receive an assignment message is dependent on coverage class (aka coupling loss) and the total time for the three coupling losses is are shown in Table 1. The assignment message is sent on the PDCCH and this is immediately following PBCH channel. Total delay to the start of the PDCCH slot is 166-24 (extended slots) + 5 = 145 slots for all coverage classes. This is shown as the delay to start of PDCCH slot in Table 1.
Table 1 Time to receive assignment message.  

	
	Coupling loss (dB)

	Path loss
	144
	154
	164

	PDCCH coverage class
	3
	4
	5

	# of Rx slots
	3
	5
	14

	Delay to PDCCH start
	3
	3
	3

	TDownlinkAssignment (ms)
	36
	48
	102


2.4 Time to Receive data
Application ack size, IP protocol and NAS protocol sizes are defined in [1] while MAC layer overhead is defined in [3] and various field sizes are shown in Table 2. Also shown in this table is the expect MCS to use for each of the three coupling losses (see [1]). Total time to deliver downlink packet, shown in Table 3, containing application ack includes 3 slots for MS reaction time.
Table 2 PHY layer payload size and Tx time.  
	
	Uncompressed IP
	Compressed IP

	Application layer report size
	0
	0

	Upper layer Protocol header (compressed)
	65
	0

	Upper layer Protocol header (uncompressed)
	0
	29

	SNDCP header
	4
	4

	LLC header
	6
	6

	MAC (see [3])
	5
	5

	Total PHY payload size (bytes)
	80
	44


Table 3 Time to transmit exception report packet.  
	
	80 bytes
Coupling loss (dB)
	44 bytes
Coupling loss (dB)

	Coupling loss
	144
	154
	164
	144
	154
	164

	Downlink MCS
	19
	11
	4
	18
	10
	2

	# of RX slots
	6
	20
	100
	4
	14
	50

	Delay to start uplink transmission
	3
	3
	3
	3
	3
	3

	TDownlinkData (ms)
	54
	138
	614
	42
	102
	316


2.5 Time to Transmit acknowledgement
For acknowledging downlink MAC data blocks mobile sends acknowledgement on the uplink on PUCCH channel. The acknowledgement from mobile to network requires only transmission in 1 slot. For simplicity allow 3 slot turn-around time in the mobile station from end of downlink packet reception. The total time to deliver acknowledgement is shown in Table 4.
Table 4 Time to transmit acknowledgement
	
	100 bytes

Coupling loss (dB)
	64 bytes

Coupling loss (dB)

	Coupling loss
	144
	154
	164
	144
	154
	164

	# of Tx slots
	1
	1
	1
	1
	1
	1

	Delay to send acknowledgement
	3
	3
	3
	3
	3
	3

	TUplinkAck (ms)
	24
	24
	24
	24
	24
	24


Note: On the downlink there are 163 slots per second.
2.6 Total time to delivery downlink application ack
The different durations and total time to deliver downlink application ack to mobile station is shown in Table 5
Table 5 Application ack delivery activity duration with 0 re-transmission 
	Activity
	Report with no header compression

(100 byte payload)
	Report with header compression

(65 byte payload)

	Coupling loss
	144
	154
	164
	144
	154
	164

	TPSI (ms)
	13
	13
	13
	13
	13
	13

	TDownlinkAssignment (ms)
	36
	48
	102
	36
	48
	102

	TDownlinkData (ms)
	54
	138
	614
	42
	102
	316

	TDownlinkAck (ms) (ms)
	24
	24
	24
	24
	24
	24

	Total time (ms)
	127
	223
	753
	115
	187
	455


3 Summary
This document provides latency evaluation for delivering application acknowledgement from base station to mobile. The evaluation shows that such a packet can be delivered to the mobile station within 0.8 second with 90% reliability. For 99% reliability the delivery time is effectively doubled (that is within 1.6 second). 
It is proposed to add latency for delivery of application ack from base station to mobile station be added to TR [1] and necessary is incorporated in pCR in [4].
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