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1 Introduction
TR 45.820 [1] contains description of the NB-OFDMA and NB-M2M concepts for GERAN Cellular IoT. At GERAN #66, a converged solution, which uses components of NB-OFDMA and NB-M2M, was proposed (see [2]). This paper provides the latency evaluation for exception report for the converged solution, NB-CIoT, taking into account the new frame structure and physical layer design. This is an update of the document presented at CioT telco #12
2 Exception report procedure
The different steps involved in sending an exception report are shown in Figure 1. The time it takes to complete each step depends on the coverage class.

[image: image1.emf]Synchronisation PSI PRACH

Uplink 

Assignment

Uplink data 

transfer

Ack for uplink 

data

T

sync

T

PSI

T

PRACH

T

UplinkAssignment

T

UplinkData

T

UplnkAck

Figure 1 Steps for exception reporting
2.1  Time to synchronize
Detailed information on the time to synchronize to a cell is provided in [3]; the time to achieve synchronization with 90% confidence for each of the three coverage classes is shown in Table 7.
Table 1 Time to confirm synchronization
	
	Coupling loss (dB)

	
	144
	154
	164

	Iterations
	3
	3
	6

	# of Rx slots
	96
	96
	192

	Tsynct (ms)
	
480
	480
	960


2.2 Time to read Primary System Information

Each instance of the Primary System Information message is sent in 2 slots (10ms) (see [6]). The gap between PSCH decode and start of PSI slot depends on where synchronization is achieved and the start slot of the next PBCH; an example is depicted in Figure 2. In general, the worst gap occurs when synchronization is achieved in an odd numbered sub-frame with the highest possible PBCH start slot within the sub-frame. The actual time to successfully decode PSI can depend on the maximum coupling loss, as shown in Table 2. 
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Figure 2 Maximum gap to start of PSI
Table 2 Time to receive Primary System Information message  

	
	Coupling loss (dB)

	
	144
	154
	164

	No. of iterations
	1
	1
	3

	PSCH-to-PSI gap (ms)
	160
	160
	160

	Time to decode PSI Duration (ms)
	10
	10
	490

	TPSI (ms)
	170
	170
	650


2.3 Time to send PRACH

The time to send PRACH is directly dependent on the coverage class and the duration between reading PSI and start of transmission of PRACH. For different coverage classes, there are different numbers of PRACH slots available within a frame. To make calculations simpler, it is assumed that the mobile station will select the next available PRACH slot to transmit the channel request as depicted in Figure 3. The time taken to complete transmission of PRACH after reading PSI includes the time gap between end of reading PSI and start of the PRACH transmission as well as the time to transmit the PRACH itself. 
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Figure 3 Maximum PSI – to-PRACH gap
Table 3 Time to send PRACH  

	
	Coupling loss (dB)

	
	144
	154
	164

	PRACH Duration (ms)
	40
	40
	320 

	PSI to PRACH gap
	40+4
	40+4
	320+4

	Time (TPRACH ) to send PRACH (ms) 
	84
	84
	644


It is assumed that PRACH slots occur back-to-back for each coverage class as shown in Figure 3. If an uplink sub-carrier is time shared by PRACH slots for different classes then PSI-to-PRACH gap can be longer.

2.4 Time to receive assignment

The time it takes to receive an assignment message is dependent on coverage class; the total times for the three coupling losses of interest are shown in Table 4. The assignment message is sent on the PDCCH, and, because the PRACH is assumed to complete by the end of the PRACH slots, the network would have to wait until the next PDCCH occurrence. The total delay to the start of the next PDCCH occasion for a given coverage class depends on where the PRACH transmission completes, as demonstrated in Figure 4. Latency calculation is done using the example PDCCH periodicity for each coverage class given in [6]. With the example PDCCH configuration, coverage class 1 has periodicity of 320ms and coverage classes 3 & 4 has periodicity of 640ms. Allowing a minimum of 4 slots for MS to switch from PRACH to PDCCH means the worst case gap from PRACH to PDCCH is 340ms or 660ms.
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Figure 4 Maximum PRACH – PDCCH gap
Table 4 Time to receive assignment message.  

	
	Coupling loss (dB)

	
	144
	154
	164

	PDCCH coverage class
	1
	3
	4

	# of PDCCH Rx slots
	1
	66
	87

	PDCCH duration (ms)
	5
	330
	435

	Delay to start of PDCCH (ms)
	340
	660
	660

	TUplinkAssignment (ms)
	
345
	990
	1095


2.5 Time to send uplink data
For exception reporting, the application payload size, the IP protocol size, and the NAS protocol size are defined in [1], while the MAC layer overhead is defined in [5]. The field sizes are summarized in Table 5. Table 6 shows the expected MCS to use for each of the three coupling losses of interest and the corresponding transmit times, based on the link level results in [4]. The total time to transmit the uplink packet containing the exception report includes 4 slots of MS reaction time.
Table 5 PHY layer uplink payload size.  
	
	Uncompressed IP

	Application layer report size
	20

	Upper layer Protocol header
	65

	SNDCP header
	4

	LLC header
	6

	MAC (see [4])
	10

	Total PHY payload size (bytes)
	105


Table 6 Time to transmit exception report packet.  
	
	105 bytes

Coupling loss (dB)

	
	144
	154
	164

	Uplink MCS, CBS
	9,5
	6,11
	3,22

	BLER %
	5.5
	8.0
	0.8

	MS Reaction time (ms)
	20
	20
	20

	Transmission time (ms)
	60
	480
	2760

	TUplinkData (ms)
	80
	500
	2780


2.6 Time to receive acknowledgement
The network sends an acknowledgement to the mobile station on the PDCCH using the same coverage class as that used to send the uplink assignment message to the mobile station. As the size of MAC level acknowledgement message is same as the size of uplink assignment message, it takes the same amount of time to transmit the actual acknowledgement message as it does to transmit the assignment message. The gap between completion of transmission of the uplink packet and the start of reception of ack/nack on PDCCH depends on where in the frame the transmission completes and, in the worst case, this is also the same as the gap between PRACH and the assignment message. Therefore, the total time to receive the acknowledgement in the worst case for each coverage class is the same as shown in Table 4.
2.7 Total time to send exception report 
The different durations for the initial transmission of an exception report are shown in Table 7. This corresponds to higher than 90% confidence of successful delivery because the initial message BLER for the uplink report is less than 10% [4].
Table 7 Exception report activity duration for 90% confidence of delivery 
	Activity
	Report with no header compression

(105 byte payload)

	Coupling loss
	144
	154
	164

	Tsync (ms)
	480
	480
	960

	TPSI (ms)
	170
	170
	650

	TPRACH (ms)
	84
	84
	644

	TUplinkAssignment (ms)
	345
	990
	1095

	TUplinkData (ms)
	80
	500
	2780

	Total time (ms)
	1159
	2224
	6129


If the entire report has to be re-transmitted, then this involves reception of negative acknowledgement, new assignment message, data transmission and subsequent acknowledgement reception. With this simple model, the durations for initial transmission and re-transmission of an exception report are shown in Table 8. This corresponds to higher than 99% confidence of successful delivery because the message BLER for each uplink report transmission is less than 10%.
Table 8 Exception report activity duration for 99% confidence, with 2 PDCCH instances
	Activity
	Report with no header compression

(105 byte payload)

	Coupling loss
	144
	154
	164

	Tsync (ms)
	480
	480
	960

	TPSI (ms)
	170
	170
	650

	TPRACH (ms)
	84
	84
	644

	TUplinkAssignment (ms)
	345
	990
	1095

	TUplinkData (ms)
	80
	500
	2780

	TUplinkAck (ms) (ms)
	345
	990
	Note 1

	TUplinkAssignment (ms)
	345
	990
	Note 1

	TUplinkData (ms)
	80
	500
	Note 1

	Total time (ms)
	1929
	4704
	6129


Note 1: For this (MCS, CBS) configuration, the initial uplink message BLER is below 1%, hence a retransmission is not necessary for this MCL to achieve 99% confidence of successful delivery.

With the proposed downlink physical layer design [6], it is possible to send both the ack/nack message and the uplink assignment message within one PDCCH instance but using two PDCCH resource blocks. Hence, the time to re-send the exception report can be shorter than shown in Table 8. This does not require the MS to receive for longer, but does require the MS to decode multiple messages, which is relatively low cost.
Table 9 Exception report activity duration for 99% confidence, with 1 PDCCH instance 
	Activity
	Report with no header compression

(105 byte payload)

	Coupling loss
	144
	154
	164

	Tsync (ms)
	480
	480
	960

	TPSI (ms)
	170
	170
	650

	TPRACH (ms)
	84
	84
	644

	TUplinkAssignment (ms)
	345
	990
	1095

	TUplinkData (ms)
	80
	500
	2780

	TUplinkAck (ms) & TUplinkAssignment (ms)
	345
	990
	Note 1

	TUplinkData (ms)
	80
	500
	Note 1

	Total time (ms)
	1584
	3714
	6129


Note 1: For this (MCS, CBS) configuration, the initial uplink message BLER is below 1%, hence a retransmission is not necessary for this MCL to achieve 99% confidence of successful delivery.

3 Summary
This document provides the latency evaluation for transmitting an exception report to the network. The calculations show that an exception report can be delivered to the network within 10 seconds, even for at the maximum coupling loss of 164 dB. It is proposed to add the latency evaluation to the TR [1] and a companion pCR is provided in [8].
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