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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 is presented for in-band operation. Downlink with 15 kHz sub-carrier spacing and uplink with FDMA+GMSK and a 2.5 kHz sub-carrier spacing are assumed. The same methodology for standalone case [5] is used in the analysis except that the time to receive downlink channels is prolonged, due to the limited downlink power boosting in in-band operation.
[bookmark: _Ref434315780]Exception report procedure
The different durations for transmitting an exception report with 99% confidence of successful delivery are summarized in Table 1. The assumptions are as following:
· The results on synchronization refer to [3], and the results on broadcast channel refer to [4]. The results in [8] are adopted for NB-EPDCCH reading.
· For downlink channels lasting larger than 10ms, the synchronization channel and broadcast channel are also taken into consideration in calculation the receive time.
· In the worst case, the delay between end of PRACH and next NB-EPDCCH, i.e. waiting for NB-EPDCCH, is assumed as 740ms [7].
· For 99% confidence of delivery, the PUSCH configurations with BLER less than 1% in Table 7 are used in evaluation.
[bookmark: _Ref434312467]Table 1 Exception report activity duration for 99% confidence
	Activity
	Report with no header compression
(105 byte payload)

	Coupling loss
	144
	154
	164

	Tsync (ms)
	140
	220
	860

	TPSI(ms)
	PSCH – to - PSI gap (ms)
	160
	640
	640

	
	Time to decode PSI Duration (ms)
	160
	640
	2560

	TRACH (ms)
	RACH Duration 
	40
	40
	320

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

	TUplinkAssignment (ms)
	Wait for NB-EPDCCH
	740
	740
	740

	
	NB-EPDCCH
	2
	25
	151

	TUplinkData (ms)
	Wait for PUSCH
	40
	40
	40

	
	Transmission time 
	80
	680
	2560

	
	Processing time
	3
	3
	3

	Total time (ms)
	1409
	3072
	8198


Based on above analysis, the following is observed:
[bookmark: _Ref433970408]Observation 1: For design with 15 kHz subcarrier spacing downlink and FDMA uplink, the exception report can be delivered to the network with 99% confidence within 10 seconds in in-band operation with 6dB PSD boosting, at all target MCLs, including 164 dB.
For comparison, the exception report latency of design with 15 kHz sub-carrier spacing downlink and SC-FDMA uplink is re-evaluated with following assumptions different to: [7]
· Based on results in [9] and our simulation, the time to receive MIB/PSI (primary system information) is 2560 ms with 35dBm transmission power. A 640 gap is added to between synchronization and start reading of MIB/PSI.
· For downlink channels lasting larger than 10ms, the synchronization channel and broadcast channel are also taken into consideration in calculation the receive time.
· The time to wait for NB-EPDCCH in receiving uplink ACK and uplink assignment is calculated as 171 – (T mod 171), where 171 ms is the NB-EPDCCH periodicity considering sync channel and broadcast channel and T is the time required of preceding steps since last NB-EPDCCH transmission [7].
[bookmark: _Ref434517138]Table 2 Latency Evaluation in in-band operation for SC-FDMA uplink
	Activity
	Size (bytes)
	164 dB

	Synch
	
	[bookmark: _GoBack]1110

	MIB
	
	3200

	PRACH
	
	1440

	Wait for EPDCCH
	
	740

	DL assignment
	8
	171

	Wait for PDSCH
	
	0

	RA msg 2 (RAR)
	10
	213

	Wait for PUSCH
	
	9

	RA msg 3 (TLLI + Access cause + BSR)
	11
	300

	Wait for EPDCCH
	
	162

	DL assignment
	8
	171

	Wait for PDSCH
	
	0

	RA msg 4 (cont. res.)
	8
	171

	Wait for EPDCCH
	
	0

	UL grant
	8
	120

	Wait for PUSCH
	
	9

	Uplink report (50 bytes)
	100
	2300

	eNB processing
	
	3

	Total (ms)
	
	10119


Comparing results in Table 1 and Table 2, the following could be observed:
[bookmark: _Ref434583676]Observation 2: For SC-FDMA uplink, the exception report latency object in GERAN SI cannot be met in in-band operation with 6dB PSD boosting, for 164dB MCL.
[bookmark: _Ref434657033]Observation 3: FDMA with GMSK uplink design has lower latency than SC-FDMA based uplink design in delivering exception report to the network in in-band operation.
     - This is without taking into account power back-off for SC-FDMA based uplink, see [10] for details.    
The reason why FDMA based uplink has shorter latency than SC-FDMA based uplink is that design with FDMA option uses message based RACH procedures while design with SC-FDMA relies on PRACH to get uplink synchronization and thus has a longer procedure.
The latency for SC-FDMA based solution may be even longer if uplink power back-off is applied. For example, in case of 6dB PAPR, power back-off would induce 4 times more uplink transmission time than that without considering power back-off.
Impacts of MBSFN
The exception report latency is expected to be significantly longer if MBSFN subframes are configured. As agreed in RAN1#82BIS, one of the options to be evaluated is as follows:
4 downlink subframes are available in a frame, at least 1 PRB available for NB-IoT in a subframe
Then the impacts to exception report latency are:
· The time to transmit downlink channels would be extended by 10/4, with current design.
As a result, the exception report latency results for FDMA uplink and SC-FDMA uplink are shown in Table 3 and Table 4, respectively.
[bookmark: _Ref434655903]Table 3 Exception report activity duration for 99% confidence, for FDMA uplink, with MBSFN
	Activity
	Report with no header compression
(105 byte payload)

	Coupling loss
	144
	154
	164

	Tsync (ms)
	350
	550
	2150

	TPSI(ms)
	PSCH – to - PSI gap (ms)
	400
	1600
	1600

	
	Time to decode PSI Duration (ms)
	400
	1600
	6400

	TRACH (ms)
	RACH Duration 
	40
	40
	320

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

	TUplinkAssignment (ms)
	Wait for NB-EPDCCH
	740
	740
	740

	
	NB-EPDCCH
	5
	36
	373

	TUplinkData (ms)
	Wait for PUSCH
	40
	40
	40

	
	Transmission time 
	80
	680
	2560

	
	Processing time
	3
	3
	3

	Total time (ms)
	2102
	5333
	14510



[bookmark: _Ref434655905]Table 4 Latency Evaluation in in-band operation for SC-FDMA uplink, with MBSFN
	Activity
	Size (bytes)
	164 dB

	Synch
	
	2775

	MIB
	
	7040

	PRACH
	
	1440

	Wait for EPDCCH
	
	740

	DL assignment
	8
	423

	Wait for PDSCH
	
	0

	RA msg 2 (RAR)
	10
	531

	Wait for PUSCH
	
	9

	RA msg 3 (TLLI + Access cause + BSR)
	11
	300

	Wait for EPDCCH
	
	162

	DL assignment
	8
	423

	Wait for PDSCH
	
	0

	RA msg 4 (cont. res.)
	8
	423

	Wait for EPDCCH
	
	0

	UL grant
	8
	120

	Wait for PUSCH
	
	9

	Uplink report (50 bytes)
	100
	2300

	eNB processing
	
	3

	Total (ms)
	
	16698


Based on above analysis, the following can be observed:
[bookmark: _Ref434655840]Observation 4: If MBSFN subframes are configured, the exception report latency objective in GERAN SI cannot be met for both FDMA uplink and SC-FDMA uplink in in-band operation.
Impacts of PSD boosting
This section estimates the exception report latency with 3dB PSD boosting, with the following assumption:
· The time to transmit downlink channels would be doubled, with current design.
As a result, the exception report latency results for FDMA uplink and SC-FDMA uplink are shown in Table 5 and Table 6, respectively.
Table 5 Latency Evaluation in in-band operation for SC-FDMA uplink, with 3dB PSD boosting
	Activity
	Report with no header compression
(105 byte payload)

	Coupling loss
	144
	154
	164

	Tsync (ms)
	280
	440
	1720

	TPSI(ms)
	PSCH – to - PSI gap (ms)
	320
	640
	640

	
	Time to decode PSI Duration (ms)
	320
	1280
	5120

	TRACH (ms)
	RACH Duration 
	40
	40
	320

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

	TUplinkAssignment (ms)
	Wait for NB-EPDCCH
	740
	740
	740

	
	NB-EPDCCH
	4
	50
	302

	TUplinkData (ms)
	Wait for PUSCH
	40
	40
	40

	
	Transmission time 
	80
	680
	2560

	
	Processing time
	3
	3
	3

	Total time (ms)
	1871
	3957
	11769



Table 6 Latency Evaluation in in-band operation for SC-FDMA uplink, with 3dB PSD boosting
	Activity
	Size (bytes)
	164 dB

	Synch
	
	2220

	MIB
	
	5760

	PRACH
	
	1440

	Wait for EPDCCH
	
	740

	DL assignment
	8
	342

	Wait for PDSCH
	
	0

	RA msg 2 (RAR)
	10
	426

	Wait for PUSCH
	
	9

	RA msg 3 (TLLI + Access cause + BSR)
	11
	300

	Wait for EPDCCH
	
	162

	DL assignment
	8
	342

	Wait for PDSCH
	
	0

	RA msg 4 (cont. res.)
	8
	342

	Wait for EPDCCH
	
	0

	UL grant
	8
	120

	Wait for PUSCH
	
	9

	Uplink report (50 bytes)
	100
	2300

	eNB processing
	
	3

	Total (ms)
	
	14515



Based on above analysis, the following can be observed:
[bookmark: _Ref434656415]Observation 5: If 3dB PSD boosting is assumed, the exception report latency objective in GERAN SI cannot be met for both FDMA uplink and SC-FDMA uplink in in-band operation.

[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 15 kHz subcarrier spacing downlink and FDMA uplink, the exception report can be delivered to the network with 99% confidence within 10 seconds in in-band operation with 6dB PSD boosting, at all target MCLs, including 164 dB.
Observation 2: For SC-FDMA uplink, the exception report latency object in GERAN SI cannot be met in in-band operation with 6dB PSD boosting, for 164dB MCL.
Observation 3: FDMA with GMSK uplink design has lower latency than SC-FDMA based uplink design in delivering exception report to the network in in-band operation.
     - This is without taking into account power back-off for SC-FDMA based uplink, see [10] for details.
Observation 3: FDMA with GMSK uplink design has lower latency than SC-FDMA based uplink design in delivering exception report to the network in in-band operation.
     - This is without taking into account power back-off for SC-FDMA based uplink, see [10] for details.
Observation 4: If MBSFN subframes are configured, the exception report latency objective in GERAN SI cannot be met for both FDMA uplink and SC-FDMA uplink in in-band operation.
Observation 5: If 3dB PSD boosting is assumed, the exception report latency objective in GERAN SI cannot be met for both FDMA uplink and SC-FDMA uplink in in-band operation.
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Annex A PUSCH configurations
The PUSCH configurations in in-band operation are given in Table 7 for BLER less than 1%. 
[bookmark: _Ref434600199]Table 7 PUSCH configurations with less than 1% BLER
	Burst type
	PHY burst size
	Coupling loss
	Symbol rate
	modulation
	repetition
	code rate
	Duration (ms)

	PUSCH
	105 bytes
	144dB
	30kHz
	GMSK
	1
	0.48
	80

	
	
	154dB
	3.75kHz
	GMSK
	1
	0.45
	680

	
	
	164dB
	1.875 kHz
	GMSK
	1
	0.24
	2560




