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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#69 meeting, the “NB-IoT” WI was approved based on outcome of the GERAN SI on cellular IoT [1]. The objective on exception report latency in study item is stated in TR 45.820 as
For devices supporting such applications a delay requirement of 10 seconds is appropriate for the uplink when measured from the application ‘trigger event’ to the packet being ready for transmission from the base station towards the core network.
The evaluation results following methodologies in [2]  and following conclusion have been captured in TR 45.820:
This section demonstrates that exception report can be delivered to the base station within 10s for all coverage classes with a reliability of at least 99%.
In this contribution, the evaluation results of exception report delivery latency with an UL numerology supporting 2.5 kHz  sub-channel spacing and 1.875 kHz sample rate is presented for standalone operation (see [6] for more information).
[bookmark: _Ref434315780]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.
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[bookmark: _Ref433293529]Figure 1 Steps for exception reporting
Time to send uplink data
For exception reporting, the field sizes are summarized in Table 1, including application payload size, the IP protocol size, the NAS protocol size and the MAC [2]. Table 2 gives the PUSCH configurations and transmission time with BLER less than 10%, where different channel bonding factors are applied for different coverage conditions. 
[bookmark: _Ref433357142]Table 1 PHY layer uplink payload size
	
	Uncompressed IP

	Application layer report size
	20

	Upper layer Protocol header
	65

	SNDCP header
	4

	LLC header
	6

	MAC 
	10

	Total PHY payload size (bytes)
	105


[bookmark: _Ref434396179][bookmark: _Ref416705760]
[bookmark: _Ref434480999]Table 2 PUSCH configurations with less than 10% BLER
	Burst type
	PHY burst size
	Coupling loss
	Channel bonding factor
	Symbol rate
	modulation
	repetition
	code rate
	Duration (ms)

	PUSCH
	105 bytes
	144dB
	16
	30kHz
	GMSK
	1
	0.77
	50

	
	
	154dB
	2
	3.75kHz
	GMSK
	1
	0.77
	400

	
	
	164dB
	1
	1.875 kHz
	GMSK
	1
	0.32
	1920



Total time to send exception report
The different durations for the initial transmission of an exception report are shown in Table 3. This corresponds to higher than 90% confidence of successful delivery because the initial message BLER for the uplink report is less than 10% as shown in Table 2. The following assumptions have been made:
· The results on synchronization refer to [3], and the results on broadcast channel refer to [4].  The evaluation results of other downlink channels refer to [2].
· A NB-EPDCCH configuration where a NB-EPDCCH message for certain UE could be transmitted in one NB-EPDCCH occurrence is assumed. The time to receive the NB-EPDCCH message is obtained according to results in [2]. In the worst case, the base station may have schedule NB-EPDCCH when receiving RACH transmissions (on PUSCH). Therefore, BS needs to wait for next NB-EPDCCH occurrence to transmit uplink assignment.
· The total time to transmit the uplink packet containing the exception report includes an additional delay waiting for PUSCH, which is 40ms in the worst case as in [2]. In addition, a 3ms delay is added to account for the base station processing time.
[bookmark: _Ref413135040]Table 3 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)
	140
	140
	220

	TPSI(ms)
	PSCH – to - PSI gap (ms)
	80
	80
	320

	
	Time to decode PSI Duration (ms)
	80
	80
	320

	TRACH (ms)
	RACH Duration 
	40
	40
	320

	
	PSI to RACH gap
	44
	44
	324

	TUplinkAssignment (ms)
	Wait for NB-EPDCCH
	320
	320
	320

	
	NB-EPDCCH
	5
	15
	110

	TUplinkData (ms)
	Wait for PUSCH
	40
	40
	40

	
	Transmission time 
	50
	400
	1920

	
	Processing time
	3
	3
	3

	Total time (ms)
	802
	1162
	3897



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 4. This corresponds to higher than 99% confidence of successful delivery because the message BLER for each uplink report transmission is less than 10%. The additional assumptions for re-transmission are as following:
· The time to wait for NB-EPDCCH in receiving uplink ACK and uplink assignment is calculated as 320 – (T mod 320), where 320ms is the NB-EPDCCH periodicity and T is the time required of preceding steps since last NB-EPDCCH transmission.
[bookmark: _Ref434312467]Table 4 Exception report activity duration for 99% confidence
	Activity
	Report with no header compression
(105 byte payload)

	Coupling loss
	144
	154
	164

	Tsync (ms)
	140
	140
	220

	TPSI(ms)
	PSCH – to - PSI gap (ms)
	80
	80
	320

	
	Time to decode PSI Duration (ms)
	80
	80
	320

	TRACH (ms)
	RACH Duration 
	40
	40
	320

	
	PSI to RACH gap
	44
	44
	324

	TUplinkAssignment (ms)
	Wait for NB-EPDCCH
	320
	320
	320

	
	NB-EPDCCH
	5
	15
	110

	TUplinkData (ms)
	Wait for PUSCH
	40
	40
	40

	
	Transmission time 
	50
	400
	1920

	
	Processing time
	3
	3
	3

	TUplinkAck (ms) & TUplinkAssignment (ms)
	Wait for NB-EPDCCH
	222
	182
	167

	
	NB-EPDCCH
	5
	15
	110

	TUplinkData (ms)
	Wait for PUSCH
	40
	40
	40

	
	Transmission time 
	50
	400
	1920

	
	Processing time
	3
	3
	3

	Total time (ms)
	1122
	1802
	6137


The further evaluation results for 15 kHz subcarrier spacing downlink with FDMA uplink are provided in Annex A. For comparison, the results of design with 15 kHz sub-carrier spacing downlink and SC-FDMA uplink in [5] are reproduced in Annex B. By comparing the results in Annex A and Annex B, the following could be observed:
[bookmark: _Ref434578255]Observation 1: For design with 3.75 kHz subcarrier spacing downlink and FDMA with GMSK uplink, the exception report can be delivered to the network with 99% confidence within 10 seconds in standalone operation, for all the target MCLs, including 164 dB.
[bookmark: _Ref434319767][bookmark: _Ref434320358][bookmark: _Ref434320662][bookmark: _Ref434518143][bookmark: _Ref434320333][bookmark: _Ref434320617]Observation 2: FDMA with GMSK uplink design has lower latency than SC-FDMA based uplink design (for both numerologies) in delivering exception report to the network in standalone operation.
    - This is without taking into account power back-off for SC-FDMA, see [7] for details.

[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This document provides the latency evaluation for transmitting an exception report to the network in standalone operation. Based on the analysis, the following can be observed:
Observation 1: For design with 3.75 kHz subcarrier spacing downlink and FDMA with GMSK uplink, the exception report can be delivered to the network with 99% confidence within 10 seconds in standalone operation, for all the target MCLs, including 164 dB.
Observation 2: FDMA with GMSK uplink design has lower latency than SC-FDMA based uplink design (for both numerologies) in delivering exception report to the network in standalone operation.
    - This is without taking into account power back-off for SC-FDMA, see [7] for details.
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Annex A. Evaluation results of 15 kHz subcarrier spacing downlink and FDMA uplink
This section provides the further evaluation results for 15 kHz subcarrier spacing downlink and FDMA uplink. The different durations for transmitting an exception report with 90% and 99% confidence of successful delivery are summarized in Table 5 and Table 6, respectively. The following assumptions have been made:
· The evaluation methodology and results of uplink channels with FDMA refer to section 2, and downlink channels with 15 kHz sub-carrier spacing refer to [5].
· In the worst case, the delay between end of PRACH and next NB-EPDCCH, i.e. waiting for NB-EPDCCH, is assumed as
 MAX_NBEPDCCH_TX+MAX_PDSCH+MAX_NBEPDCCH_WAIT=580ms [5].
· The time to wait for NB-EPDCCH in receiving uplink ACK and uplink assignment is calculated as 40 – (T mod 40), where 40 ms is the NB-EPDCCH periodicity and T is the time required of preceding steps since last NB-EPDCCH transmission [5].
[bookmark: _Ref433986476][bookmark: _Ref433986472]Table 5 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)
	340
	340
	520

	TPSI(ms)
	PSCH – to - PSI gap (ms)
	80
	80
	320

	
	Time to decode PSI Duration (ms)
	71
	71
	311

	TRACH (ms)
	RACH Duration 
	40
	40
	320

	
	PSI to RACH gap
	40+4
	40+4
	320+4

	TUplinkAssignment (ms)
	Wait for NB-EPDCCH
	580
	580
	580

	
	NB-EPDCCH
	1
	4
	40

	TUplinkData (ms)
	Wait for PUSCH
	40
	40
	40

	
	Transmission time 
	50
	400
	1920

	
	Processing time
	3
	3
	3

	Total time (ms)
	1249
	1602
	4378



[bookmark: _Ref433986478]Table 6 Exception report activity duration for 99% confidence of delivery
	Activity
	Report with no header compression
(105 byte payload)

	Coupling loss
	144
	154
	164

	Tsync (ms)
	340
	340
	520

	TPSI(ms)
	PSCH – to - PSI gap (ms)
	80
	80
	320

	
	Time to decode PSI Duration (ms)
	71
	71
	311

	TPRACH (ms)
	PRACH Duration 
	40
	40
	320

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

	TUplinkAssignment (ms)
	Wait for NB-EPDCCH
	580
	580
	580

	
	NB-EPDCCH
	1
	4
	40

	TUplinkData (ms)
	Wait for PUSCH
	40
	40
	40

	
	Transmission time 
	50
	400
	1920

	
	Processing time
	3
	3
	3

	TUplinkAck (ms) & TUplinkAssignment (ms)
	Wait for NB-EPDCCH
	26
	33
	37

	
	NB-EPDCCH
	1
	4
	40

	TUplinkData (ms)
	Wait for PUSCH
	40
	40
	40

	
	Transmission time 
	50
	400
	1920

	
	Processing time
	3
	3
	3

	Total time (ms)
	1369
	2082
	6418


Annex B. [bookmark: _Ref434518070]Evaluation results of SC-FDMA
In this section, the results of design with 15 kHz sub-carrier spacing downlink and SC-FDMA uplink in [5] are reproduced in Table 7 and Table 8 for 90% and 99% confidence of delivery, respectively.
[bookmark: _Ref434517929]Table 7 Exception report delivery time with 90% confidence
	 (
Activity
)Coupling loss (dB)
	144
	154
	164

	Tsync(ms)
	340
	340
	520

	TMIB(ms)
	151
	151
	631

	TPRACH(ms)
	324
	688
	1440

	TRAmsg2-4 (ms)
	622
	708
	1060

	TULgrant(ms)
	48
	45
	49

	TULdata(ms)
	39
	553
	1923

	Total time (ms)
	1524
	2485
	5623



[bookmark: _Ref434517930]Table 8 Exception report delivery time with 99% confidence
	 (
Activity
)Coupling loss (dB)
	144
	154
	164

	Tsync(ms)
	340
	340
	520

	TMIB(ms)
	151
	151
	631

	TPRACH(ms)
	324
	688
	1440

	TRAmsg2-4 (ms)
	622
	708
	1060

	TULgrant(ms)
	48
	45
	49

	TULdata(ms)
	39
	553
	1923

	TAck(ms)
	41
	47
	77

	TULdata(ms)
	39
	553
	1923

	Total time (ms)
	1604
	3085
	7623
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