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1
Introduction
In RAN4#79 meeting in Nanjing RAN4 discussed NB-IoT including cell detection delay. Preliminary numbers were discussed and it was agreed to further continue the simulation campaign. Earlier a WF on cell detection was agreed in [3] which continued as the basis for the simulation. In RAN4#79 it was agreed to modify the results outcome slightly captured in WF [5] listing the agreed simulation assumptions as well as following:

· RAN4 agree to continue to use the simulation assumptions listed in Appendix for NB-IoT cell detection simulations
· Interested companies are encouraged to provide input to following table for Hong Kong AH:
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Simulation set

Comment

Channel model AWGN, ETU 1Hz, EPA 1Hz Models stationary device
System bandwidth T80KEL (1 PRB)
Antenna Tn-band 2TX, IRX Puncturing of NB-PSS and NB-SSS i in-
configuration | Guard-band band operation when colliding with 2TX
CRS pattern
Standalone | 17X, IRX
Power Tn-band 0dB,6dB NB-IoT is transmitted at 0dB or 6dB
boosting for | Guard-band higher power than the MBB LTE cell to
NB-IoT which it is associated.
Stand-alone | NA
Cyclic prefix configuration | Normal CP CP lengths 10 and 9 samples for first and
following symbols in a slot, respectively,
at 1.92MS/s.
Number of subcamiers for | 11
NB-PSS
Number of subcamriers for | 12
NB-SSS

NB-IoT load condition

Fully loaded, modelled by OCNG

OFDM symbols 3-13.

LTE cellload | In-band Fully loaded, modelled by OCNG | OFDM symbols 0-2. (Control region)
condition

Guardband | N/A

Stand-alone
Tnterference AWGN
Frequency eror =18 kHz Models wake-up after eDRX inactivity
SNR range 20t010dB Cover extreme coverage enhancement and

up to fair coverage scenarios
NB-PSS periodicity Transmitted in subframe #5 every | According o RANT
10ms

NB-SSS periodicities Transmitted in subframe #9 every | According to RANT

20ms

‘Algorithms for cell detection

Tmplementation specific





Simulation assumptions are listed in appendix.

In the previous RAN4 meetings, we provided cell detection simulation results [4, 5, 6] based on the assumption. In this paper, we provide new updated simulation results for NB-IoT cell detection according to agreed assumptions. 
Cell detection delay agenda item was not discussed during the Hong Kong AH in June and we therefore provide the results again (slightly updated version of [6]).

2
Discussion
Simulation cases considered are stand-alone and in-band deployment scenarios with AWGN, ETU1 and EPA1 propagation channels. These conditions – as agreed – simulate stationary NB-IoT device in very slowly changing conditions – mostly due to change in surrounding environment. The results present pure cell identification times and does not include any measurements. 
In the agreed WF [5] the method for deducing the cell acquisition time would be based on following assumption:

· Number of instances (NPSS or NSSS) to acquire per DRX cycle:

· 1.28s: 5
· 2.56s: 10
· 5.12s: 10
· 10.24s: 20
I.e. if device is having DRX of 5.12 seconds, it is assumed to collect 10 instances of either NSSS or NPSS depending on the cell detection stage.
2.2
Stand-alone deployment
Following is for stand-alone deployment at SNR of -15dB, -12dB, -9dB, -6dB, -3dB, 0dB and 3dB and lists the number of needed NPSS and NSSS occurrences needed at the given SNR level in order to get successful cell detection.
2.2.1 AWGN Channel

	AWGN
	NPSS
	NSSS
	Total

	
	50%
	90%
	50%
	90%
	50%
	90%

	-15
	1902
	3616
	165
	345
	2067
	3775

	-12
	544
	925
	75
	255
	657
	1095

	-9
	165
	269
	25
	95
	200
	340

	-6
	55
	85
	5
	35
	74
	119

	-3
	25
	35
	5
	5
	40
	40

	0
	24
	24
	5
	5
	39
	39

	3
	24
	24
	5
	5
	39
	39


Which leads to following cell detection delays:
	Normal coverage (SINR >= -6dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	22 (17)
	9 (7)
	31 (24)

	2.56
	(9)
	(4)
	(12)

	5.12
	(9)
	(4)
	(12)

	10.24
	(5)
	(2)
	(6)


	Enhanced coverage (-6 > SINR >= -15dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(724)
	(69)
	(755)

	2.56
	(362)
	(35)
	(338)

	5.12
	(362)
	(35)
	(338)

	10.24
	(181)
	(18)
	(189)


2.2.2 ETU1 Channel
	ETU1
	NPSS
	NSSS
	Total

	
	50%
	90%
	50%
	90%
	50%
	90%

	-15
	1730
	5246
	55
	225
	1821
	5345

	-12
	700
	2470
	35
	155
	778
	2510

	-9
	242
	1176
	15
	105
	300
	1255

	-6
	79
	590
	5
	65
	100
	655

	-3
	35
	275
	5
	35
	40
	340

	0
	25
	112
	5
	5
	40
	157

	3
	25
	44
	5
	5
	40
	57


Which leads to following cell detection delays:

	Normal coverage (SINR >= -6dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(118)
	(13)
	(131)

	2.56
	(59)
	(7)
	(66)

	5.12
	(59)
	(7)
	(66)

	10.24
	(30)
	(4)
	(33)


	Enhanced coverage (-6 > SINR >= -15dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(1050)
	(45)
	(1069)

	2.56
	(525)
	(23)
	(535)

	5.12
	(525)
	(23)
	(535)

	10.24
	(263)
	(12)
	(268)


2.2.3 EPA1 Channel

	EPA1
	NPSS
	NSSS
	Total

	
	50%
	90%
	50%
	90%
	50%
	90%

	-15
	1910
	5760
	55
	205
	2021
	5927

	-12
	697
	2590
	35
	135
	778
	2661

	-9
	253
	1310
	5
	85
	315
	1378

	-6
	85
	693
	5
	55
	98
	738

	-3
	35
	354
	5
	35
	40
	396

	0
	25
	162
	5
	5
	40
	195

	3
	25
	64
	5
	5
	40
	80


Which leads to following cell detection delays:

	Normal coverage (SINR >= -6dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(139)
	(11)
	(146)

	2.56
	(70)
	(6)
	(74)

	5.12
	(70)
	(6)
	(74)

	10.24
	(35)
	(3)
	(37)


	Enhanced coverage (-6 > SINR >= -15dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(1152)
	(41)
	(1186)

	2.56
	(576)
	(21)
	(593)

	5.12
	(576)
	(21)
	(593)

	10.24
	(288)
	(11)
	(297)


2.3 In-band deployment
Following is for stand-alone deployment at SNR of -15dB, -12dB, -9dB, -6dB, -3dB, 0dB and 3dB and lists the number of needed NPSS and NSSS occurrences needed at the given SNR level in order to get successful cell detection.
2.3.1 AWGN Channel

	AWGN
	NPSS
	NSSS
	Total

	
	50%
	90%
	50%
	90%
	50%
	90%

	-15
	2136
	4629
	185
	365
	2341
	4814

	-12
	625
	1086
	85
	285
	759
	1265

	-9
	195
	325
	35
	125
	240
	417

	-6
	65
	115
	5
	35
	80
	140

	-3
	25
	44
	5
	5
	40
	59

	0
	25
	25
	5
	5
	39
	39

	3
	25
	25
	5
	5
	39
	39


Which leads to following cell detection delays:

	Normal coverage (SINR >= -6dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(23)
	(7)
	(28)

	2.56
	(12)
	(4)
	(14)

	5.12
	(12)
	(4)
	(14)

	10.24
	(6)
	(2)
	(7)


	Enhanced coverage (-6 > SINR >= -15dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(926)
	(72)
	(963)

	2.56
	(463)
	(37)
	(482)

	5.12
	(463)
	(37)
	(482)

	10.24
	(232)
	(19)
	(241)


2.3.2 ETU1 Channel

	ETU1
	NPSS
	NSSS
	Total

	
	50%
	90%
	50%
	90%
	50%
	90%

	-15
	2156
	7480
	55
	255
	2265
	7621

	-12
	870
	2890
	35
	155
	957
	2981

	-9
	320
	1416
	25
	105
	395
	1485

	-6
	109
	708
	5
	65
	139
	755

	-3
	45
	372
	5
	45
	60
	435

	0
	25
	172
	5
	25
	40
	215

	3
	25
	74
	5
	5
	40
	98


Which leads to following cell detection delays:

	Normal coverage (SINR >= -6dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(142)
	(13)
	(151)

	2.56
	(71)
	(7)
	(76)

	5.12
	(71)
	(7)
	(76)

	10.24
	(36)
	(4)
	(38)


	Enhanced coverage (-6 > SINR >= -15dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(1496)
	(51)
	(1525)

	2.56
	(748)
	(26)
	(763)

	5.12
	(748)
	(26)
	(763)

	10.24
	(374)
	(13)
	(381)


2.3.3 EPA1 Channel

	EPA1
	NPSS
	NSSS
	Total

	
	50%
	90%
	50%
	90%
	50%
	90%

	-15
	2180
	6906
	55
	225
	2267
	7081

	-12
	902
	3070
	35
	155
	975
	3167

	-9
	323
	1556
	15
	95
	396
	1605

	-6
	114
	800
	5
	65
	137
	855

	-3
	42
	450
	5
	35
	59
	495

	0
	25
	233
	5
	5
	40
	275

	3
	25
	104
	5
	5
	40
	119


Which leads to following cell detection delays:

	Normal coverage (SINR >= -6dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(160)
	(13)
	(171)

	2.56
	(80)
	(7)
	(76)

	5.12
	(80)
	(7)
	(76)

	10.24
	(40)
	(4)
	(43)


	Enhanced coverage (-6 > SINR >= -15dB)

	
	NPSS
	NSSS
	Total

	DRX cycle length, seconds
	TNPSS [s] (number of DRX cycles)
	TNSSS [s] (number of DRX cycles)
	Tdetect [s] (number of DRX cycles)

	1.28
	(1382)
	(51)
	(1417)

	2.56
	(691)
	(26)
	(709)

	5.12
	(691)
	(26)
	(709)

	10.24
	(346)
	(13)
	(354)


3
Conclusion
In this paper, we have provided updated simulation results for NB-IoT cell detection performance for NB-IoT.
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