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1. Introduction

One of the remaining issues on release 13 NB-IoT RRM is on the cell identification delay, which has impact on idle more requirement and RRC re-establishment requirement. In last RAN4 #78 NB-IoT AH meeting, it was agreed in [1] that companies should reuse the simulation assumptions approved in RAN4#78bis to provide more results in RAN4 #79 meeting. 
In this contribution, we would like to provide simulation results based on the simulation assumptions in [2]. Based on the simulation results we also provide discussion on corresponding requirements. After discussion, conclusions are also presented.
2. Simulation results
Simulation assumption for NB-IoT cell identification was approved in [2] in RAN4 #78bis meeting in Mexico. Based on the simulation assumption, simulation results are provided in this section.
2.1. Stand-alone
Table 1: 90th percentile of NB-PSS and NB-SSS detection time under ETU1 in stand-alone operation
	SNR
	ETU1

	
	PSS
	SSS
	Total detection time (ms)

	
	Detection time (ms) 90%
	Detection rate (within 20s)
	Terror within 1 sample
	Terror within 4 sample
	Detection time (ms) 90%
	Detection rate
	Correct rate
	

	-20
	>20000
	-
	-
	-
	1160
	1.000
	0.999
	>20000

	-18
	16270
	0.993
	0.987
	1.000
	740
	1.000
	1.000
	17010

	-16
	6920
	1.000
	0.987
	1.000
	460
	1.000
	1.000
	7380

	-15
	4560
	1.000
	1.000
	1.000
	360
	1.000
	0.999
	4920

	-14
	3060
	1.000
	0.985
	1.000
	280
	1.000
	1.000
	3340

	-12
	1520
	1.000
	1.000
	1.000
	180
	1.000
	1.000
	1700

	-10
	750
	1.000
	0.991
	1.000
	120
	1.000
	1.000
	870

	-8
	350
	1.000
	0.992
	1.000
	80
	1.000
	1.000
	430

	-6
	180
	1.000
	0.984
	1.000
	60
	1.000
	1.000
	240

	-4
	110
	1.000
	0.992
	1.000
	40
	1.000
	1.000
	150

	-2
	80
	1.000
	0.992
	1.000
	40
	1.000
	1.000
	120

	0
	60
	1.000
	1.000
	1.000
	40
	1.000
	1.000
	100


Table 2: 90th percentile of NB-PSS and NB-SSS detection time under EPA1 in stand-alone operation
	SNR
	EPA1

	
	PSS
	SSS
	Total detection time (ms)

	
	Detection time (ms) 90%
	Detection rate (within 20s)
	Terror within 1 sample
	Terror within 4 sample
	Detection time (ms) 90%
	Detection rate
	Correct rate
	

	-20
	>20000
	-
	-
	-
	1060
	1.000
	0.999
	>20000

	-18
	15960
	0.996
	0.979
	1.000
	680
	1.000
	1.000
	16640

	-16
	7000
	1.000
	0.991
	1.000
	420
	1.000
	0.999
	7420

	-15
	4940
	1.000
	1.000
	1.000
	300
	1.000
	1.000
	5240

	-14
	3430
	1.000
	0.993
	1.000
	260
	1.000
	1.000
	3690

	-12
	1670
	1.000
	0.987
	1.000
	160
	1.000
	1.000
	1830

	-10
	840
	1.000
	0.994
	1.000
	100
	1.000
	0.999
	940

	-8
	380
	1.000
	0.992
	1.000
	80
	1.000
	1.000
	460

	-6
	200
	1.000
	0.988
	1.000
	60
	1.000
	1.000
	260

	-4
	120
	1.000
	0.995
	1.000
	40
	1.000
	1.000
	160

	-2
	90
	1.000
	0.997
	1.000
	40
	1.000
	1.000
	130

	0
	70
	1.000
	1.000
	1.000
	40
	1.000
	1.000
	110


2.2. In-band
Table 3: 90th percentile of NB-PSS and NB-SSS detection time under ETU1 in in-band operation 

	SNR
	ETU1

	
	PSS
	SSS
	Total detection time (ms)

	
	Detection time (ms) 90%
	Detection rate (within 20s)
	Terror within 1 sample
	Terror within 4 sample
	Detection time (ms) 90%
	Detection rate
	Correct rate
	

	-20
	>20000
	-
	-
	-
	1360
	1.000
	0.986
	>20000

	-18
	>20000
	-
	-
	-
	960
	1.000
	1.000
	>20000

	-16
	10220
	1.000
	0.960
	1.000
	600
	1.000
	1.000
	10820

	-15
	6960
	1.000
	0.996
	1.000
	480
	1.000
	1.000
	7440

	-14
	4420
	1.000
	0.963
	1.000
	360
	1.000
	0.999
	4780

	-12
	2120
	1.000
	0.982
	1.000
	220
	1.000
	1.000
	2340

	-10
	1050
	1.000
	0.979
	1.000
	140
	1.000
	0.999
	1190

	-8
	500
	1.000
	0.969
	1.000
	100
	1.000
	1.000
	600

	-6
	250
	1.000
	0.975
	1.000
	80
	1.000
	1.000
	330

	-4
	140
	1.000
	0.984
	1.000
	60
	1.000
	1.000
	200

	-2
	90
	1.000
	0.984
	1.000
	40
	1.000
	1.000
	130

	0
	70
	1.000
	0.994
	1.000
	40
	1.000
	1.000
	110


Table 4: 90th percentile of NB-PSS and NB-SSS detection time under EPA1 in in-band operation 

	SNR
	EPA1

	
	PSS
	SSS
	Total detection time (ms)

	
	Detection time (ms) 90%
	Detection rate (within 20s)
	Terror within 1 sample
	Terror within 4 sample
	Detection time (ms) 90%
	Detection rate
	Correct rate
	

	-20
	>20000
	-
	-
	-
	1300
	1.000
	0.991
	>20000

	-18
	>20000
	0.637
	0.967
	1.000
	880
	1.000
	1.000
	>20000

	-16
	9900
	1.000
	0.968
	1.000
	540
	1.000
	1.000
	10440

	-15
	6710
	1.000
	0.997
	1.000
	420
	1.000
	0.999
	7130

	-14
	4730
	1.000
	0.964
	1.000
	340
	1.000
	1.000
	5070

	-12
	2330
	1.000
	0.971
	1.000
	200
	1.000
	1.000
	2530

	-10
	1160
	1.000
	0.980
	1.000
	140
	1.000
	1.000
	1300

	-8
	540
	1.000
	0.979
	1.000
	100
	1.000
	1.000
	640

	-6
	280
	1.000
	0.978
	1.000
	60
	1.000
	1.000
	340

	-4
	150
	1.000
	0.985
	1.000
	40
	1.000
	1.000
	190

	-2
	110
	1.000
	0.992
	1.000
	40
	1.000
	1.000
	150

	0
	80
	1.000
	0.995
	1.000
	40
	1.000
	1.000
	120


3. Discussion

Since UE can achieve better cell detection performance under AWGN channel, we only provide simulation results under EPA1 and ETU1 channel when discussing cell search related requirement. Detection time for NPSS and NSSS highly depends on simulation assumptions, e.g. detection rate, false detection rate, channel mode and etc. High false alarm threshold can improve the detection successful rate and reduce the Terror (i.e. time difference between ideal subframe boundary and estimated boundary). But the drawback is UE may need more time to combine the correlation results. Thus it is a trade-off between detection time and successful detection rate. 

Note that 240 kHz sampling rate is assumed. Thus 1 symbol period shall be 1/240kHz = 4.17us, which is almost but less than the length of normal CP. So we believe that if the Terror of NPSS is less than 1 symbol, than the NSSS can be stably detected, which turns out to be true according to the simulation results in section 2. Therefore, in our simulation we adjust the false alarm threshold to make sure that more than 95% Terror of NPSS are less than 1 symbol.
As it was agreed in [1] in last RAN4 #78 NB-IoT AH meeting that two coverage levels are considered for all RRM requirements, i.e. normal coverage and enhanced coverage, respectively. The corresponding SNR levels were also agreed as -6dB for normal coverage and -15dB for enhanced coverage. Thus we focus on these two SNR level in following discussion in this section.
3.1. Cell detection time under normal coverage

Table 5: 90th percentile of NB-PSS and NB-SSS detection time under normal coverage
	Deployment mode
	Normal coverage (SNR= -6 dB)

	
	PSS
	SSS
	Total detection time (ms)

	
	Detection time (ms) 90%
	Detection rate (within 20s)
	Terror within 1 sample
	Terror within 4 sample
	Detection time (ms) 90%
	Detection rate
	Correct rate
	

	Stand-alone
	ETU1
	180
	1.000
	0.984
	1.000
	60
	1.000
	1.000
	240

	
	EPA1
	200
	1.000
	0.988
	1.000
	60
	1.000
	1.000
	260

	In-band
	ETU1
	250
	1.000
	0.975
	1.000
	80
	1.000
	1.000
	330

	
	EPA1
	280
	1.000
	0.978
	1.000
	60
	1.000
	1.000
	340


It can be observed in table 5 that when Terror is within 1 sample, the total NB-IoT cell detection time (time to successfully detect NPSS and NSSS, L1 measurement period is not included) under normal coverage can be less than 350ms. Considering certain implementation, a tentative total delay is proposed as 800ms.
Proposal 1: total detection time for NPSS and NSSS is 800ms under normal coverage.

3.2. Cell detection time under enhanced coverage

Table 6: 90th percentile of NB-PSS and NB-SSS detection time under enhanced coverage
	Deployment mode
	Normal coverage (SNR= -15 dB)

	
	PSS
	SSS
	Total detection time (ms)

	
	Detection time (ms) 90%
	Detection rate (within 20s)
	Terror within 1 sample
	Terror within 4 sample
	Detection time (ms) 90%
	Detection rate
	Correct rate
	

	Stand-alone
	ETU1
	4560
	1.000
	1.000
	1.000
	360
	1.000
	0.999
	4920

	
	EPA1
	4940
	1.000
	1.000
	1.000
	300
	1.000
	1.000
	5240

	In-band
	ETU1
	6960
	1.000
	0.996
	1.000
	480
	1.000
	1.000
	7440

	
	EPA1
	6710
	1.000
	0.997
	1.000
	420
	1.000
	0.999
	7130


It can be observed in table 6 that when Terror is within 1 sample, the total NB-IoT cell detection time (time to successfully detect NPSS and NSSS, L1 measurement period is not included) under enhanced coverage can be less than 7500ms. Considering certain implementation, a tentative total delay is proposed as 8000ms.

Proposal 2: total detection time for NPSS and NSSS is 8000ms under enhanced coverage.

4. Conclusions

In this contribution, we provide discussion on cell search for NB-IoT. After discussion, the following conclusions are provided:
Proposal 1: total detection time for NPSS and NSSS is 800ms under normal coverage.

Proposal 2: total detection time for NPSS and NSSS is 8000ms under enhanced coverage.
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6. Annex

In this section, simulation assumptions are informatively provided.
[image: image1.emf]Parameter  Simulation set  Comment  

Channel model  AWGN, ETU 1Hz, EPA 1Hz  Models stationary device  

System bandwidth  180kHz (1 PRB)   

Antenna  configuration  In - band   Guard - band  2TX, 1RX  Puncturing of NB - PSS and NB - SSS in in - band operation when colliding   with 2TX  CRS pattern  

Stand - alone  1TX, 1RX   

Power  boosting for  NB - IoT  In - band   Guard - band  0 dB, 6 dB  NB - IoT is transmitted at 0dB or 6dB  higher power than the MBB LTE cell to  which it is associated.  

Stand - alone  N/A   

Cyclic prefix configuration   Normal   CP  CP lengths 1 0   and 9 samples for first and  following symbols in a slot, respectively,  at 1.92MS/s.  

Number of subcarriers for  NB - PSS  11   

Number of subcarriers for  NB - SSS  12   

NB - IoT load condition  Fully loaded, modelled by OCNG  OFDM symbols 3 - 13.  

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

Guard - band   Stand - alone  N/A   

Interference  AWGN   

Frequency error  ±18 kHz  Models wake - up after eDRX inactivity  

SNR range  - 20 to 10 dB  Cover extreme coverage  enhancement and  up to fair coverage scenarios  

NB - PSS periodicity  Transmitted in subframe #5 every  10ms  According to RAN1  

NB - SSS periodicities  Transmitted in subframe #9 every  20ms  According to RAN1  

Algorithms for cell detection  Implementation specific   
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