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1 Introduction

In this contribution we share some initial results from NB-IoT cell search investigations based on the assumptions provided in a companion contribution [1]. Results are provided for AWGN, ETU 1Hz and EPA 1Hz propagation conditions in the SNR range from -20 to 10 dB, representing extreme to fair coverage.
2 Cell search simulation approach
The simulated scenarios are based on the assumptions in [1].

The cell search approach used in this set of simulations is based on accumulation of time-domain NB-PSS filter outputs and frequency domain NB-SSS correlation metrics, respectively. 
Statistics are provided for Total cell detection time (excluding RSRP), number of accumulated NB-PSS instances for correct timing detection, and number of accumulated NB-SSS for correct PCI detection.
Total cell detection time (“Total time”) is based on genie information such that if any of the 3 strongest timing candidates are within half a cyclic prefix of the true timing, NB-PSS is considered to be successfully detected and the procedure continues with NB-SSS detection. Otherwise one more NB-PSS instance is accumulated, and so on. Similarly NB-SSS is accumulated until the strongest PCI candidate is indicating the true PCI.  

A practical implementation would however have to deal with trying to detect also NB-SSS for incorrect NB-PSS detections and this would transfer into increased memory footprint and increased processing (parallel NB-SSS detection processes), or to longer cell detection time. Two extremes of NB-IoT cell search designs are discussed in the Summary section below.
The main purpose of the provided set of simulations is to investigate how long time one need to accumulate NB-PSS and NB-SSS, respectively, before the correct timing and PCI is detected. Further investigations are needed in order to find an acceptable balance between false detections, device complexity, and cell detection time.
3 Simulation results
In-band operation

AWGN
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Figure 1: In-band AWGN scenario. High sync signal density (left) and Low sync signal density (right).
Table 1: In-band AWGN scenario. Percentiles for total cell detection time and accumulated NB-PSS and NB-SSS instances for successful detection. 
	
	High sync signal density
	Low sync signal density

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-20
	170
	410
	4
	22
	40
	6
	12
	15
	380
	788
	5
	21
	37
	7
	12
	13

	-16
	90
	150
	2
	9
	16
	3
	5
	6
	180
	352
	2
	9
	22
	3
	5
	6

	-12
	50
	90
	1
	6
	9
	2
	2
	3
	100
	180
	1
	6
	11
	1
	2
	3

	-6
	30
	50
	1
	3
	4
	1
	1
	1
	60
	100
	1
	3
	5
	1
	1
	1

	0
	30
	30
	1
	1
	2
	1
	1
	1
	60
	60
	1
	1
	2
	1
	1
	1

	3
	30
	30
	1
	1
	1
	1
	1
	1
	60
	60
	1
	1
	1
	1
	1
	1


ETU 1Hz
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Figure 2: In-band ETU 1Hz scenario. High sync signal density (left) and Low sync signal density (right).

Table 2: In-band ETU 1Hz scenario. Percentiles for total cell detection time and accumulated NB-PSS and NB-SSS instances for successful detection. 

	
	High sync signal density
	Low sync signal density

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-20
	150
	770
	3
	29
	51
	5
	25
	40
	460
	1900
	5
	35
	45
	5
	34
	55

	-16
	70
	350
	2
	14
	26
	2
	9
	15
	140
	820
	2
	16
	28
	2
	13
	22

	-12
	50
	150
	1
	7
	14
	1
	4
	6
	100
	380
	1
	9
	17
	1
	5
	9

	-6
	30
	70
	1
	3
	7
	1
	2
	2
	60
	140
	1
	4
	7
	1
	2
	3

	0
	30
	30
	1
	2
	4
	1
	1
	1
	60
	100
	1
	2
	5
	1
	1
	1

	3
	30
	30
	1
	2
	3
	1
	1
	1
	60
	60
	1
	2
	4
	1
	1
	1


EPA 1Hz

[image: image5.emf]SNR [dB]

-20 -10 0 10

D

e

t

e

c

t

i

o

n

 

t

i

m

e

 

[

m

s

]

 

E

P

A

1

0

100

200

300

400

500

600

700

50 ptile Tot

90 ptile Tot

SNR [dB]

-20 -10 0 10

A

c

c

u

m

u

l

a

t

e

d

 

i

n

s

t

a

n

c

e

s

0

5

10

15

20

25

30

35

50 ptile PSS

90 ptile PSS

50 ptile SSS

90 ptile SSS

 [image: image6.emf]SNR [dB]

-20 -10 0 10

D

e

t

e

c

t

i

o

n

 

t

i

m

e

 

[

m

s

]

 

E

P

A

1

0

200

400

600

800

1000

1200

1400

1600

1800

2000

50 ptile Tot

90 ptile Tot

SNR [dB]

-20 -10 0 10

A

c

c

u

m

u

l

a

t

e

d

 

i

n

s

t

a

n

c

e

s

0

5

10

15

20

25

30

35

40

50 ptile PSS

90 ptile PSS

50 ptile SSS

90 ptile SSS


Figure 3: In-band EPA 1Hz scenario. High sync signal density (left) and Low sync signal density (right).

Table 3: In-band EPA 1Hz scenario. Percentiles for total cell detection time and accumulated NB-PSS and NB-SSS instances for successful detection.
	
	High sync signal density
	Low sync signal density

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-20
	145
	670
	3
	31
	50
	4
	22
	34
	400
	1860
	4
	27
	46
	5
	35
	53

	-16
	70
	330
	2
	11
	22
	2
	8
	16
	140
	600
	2
	13
	20
	2
	10
	15

	-12
	50
	150
	1
	6
	11
	1
	4
	6
	100
	340
	1
	7
	12
	1
	4
	7

	-6
	30
	70
	1
	3
	5
	1
	2
	3
	60
	140
	1
	3
	5
	1
	2
	3

	0
	30
	30
	1
	2
	3
	1
	1
	1
	60
	60
	1
	2
	3
	1
	1
	1

	3
	30
	30
	1
	1
	2
	1
	1
	1
	60
	60
	1
	1
	2
	1
	1
	1


Stand-alone

AWGN
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Figure 4: Stand-alone AWGN scenario. High sync signal density (left) and Low sync signal density (right).

Table 4: Stand-alone AWGN scenario. Percentiles for total cell detection time and accumulated NB-PSS and NB-SSS instances for successful detection.
	
	High sync signal density
	Low sync signal density

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-20
	185
	370
	4
	22
	42
	6
	12
	13
	340
	660
	5
	15
	31
	6
	11
	13

	-16
	90
	170
	2
	9
	16
	3
	5
	6
	140
	300
	2
	8
	13
	3
	5
	6

	-12
	50
	90
	1
	5
	8
	2
	2
	3
	100
	180
	1
	6
	10
	1
	2
	3

	-6
	30
	50
	1
	3
	4
	1
	1
	1
	60
	100
	1
	3
	4
	1
	1
	1

	0
	30
	30
	1
	1
	2
	1
	1
	1
	60
	60
	1
	1
	2
	1
	1
	1

	3
	30
	30
	1
	1
	1
	1
	1
	1
	60
	60
	1
	1
	1
	1
	1
	1


ETU 1Hz
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Figure 5: Stand-alone ETU 1Hz scenario. High sync signal density (left) and Low sync signal density (right).

Table 5: Stand-alone ETU 1Hz scenario. Percentiles for total cell detection time and accumulated NB-PSS and NB-SSS instances for successful detection.
	
	High sync signal density
	Low sync signal density

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-20
	140
	794
	3
	31
	55
	4
	23
	38
	380
	1892
	4
	36
	61
	5
	38
	62

	-16
	70
	376
	2
	14
	29
	2
	10
	18
	140
	780
	2
	15
	27
	3
	13
	18

	-12
	50
	170
	1
	7
	16
	1
	4
	6
	100
	380
	1
	8
	15
	1
	5
	9

	-6
	30
	70
	1
	4
	8
	1
	2
	2
	60
	180
	1
	4
	8
	1
	2
	3

	0
	30
	30
	1
	2
	3
	1
	1
	1
	60
	100
	1
	2
	7
	1
	1
	1

	3
	30
	30
	1
	1
	2
	1
	1
	1
	60
	60
	1
	2
	6
	1
	1
	1


EPA 1Hz
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Figure 6: Stand-alone EPA1 scenario. High density (left) and Low density (right) of sync signals.
Table 6: Stand-alone EPA 1Hz scenario. Percentiles for total cell detection time and accumulated NB-PSS and NB-SSS instances for successful detection.

	
	High sync signal density
	Low sync signal density

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-20
	150
	770
	3
	31
	47
	4
	26
	40
	420
	1580
	4
	26
	39
	5
	34
	63

	-16
	70
	330
	2
	12
	23
	2
	9
	16
	140
	688
	2
	11
	21
	2
	12
	17

	-12
	50
	150
	1
	7
	13
	1
	4
	6
	100
	340
	1
	6
	12
	1
	5
	9

	-6
	30
	70
	1
	3
	5
	1
	2
	3
	60
	140
	1
	3
	6
	1
	2
	3

	0
	30
	30
	1
	2
	3
	1
	1
	1
	60
	100
	1
	2
	3
	1
	1
	1

	3
	30
	30
	1
	1
	2
	1
	1
	1
	60
	60
	1
	2
	2
	1
	1
	1


Guard-band

From simulation point of view guard-band deployment is similar to stand-alone deployment. A slightly better performance may be acquired for the guard-band since using 2 TX antennas provides better diversity. However in the LTE system it is not mandated to transmit the pairs of synchronization signals with alternating precoding. When using the same precoding for all transmissions the UE only sees one radio channel that comprises the static combination of the radio channels from each TX antenna to the single RX antenna.
4 Summary
The simulations provide initial results for the amount of accumulation needed for NB-PSS (# PSS) and NB-SSS (# SSS) for correct detection of the timing and the PCI, respectively. The time for RSRP measurements is not covered by the simulations.
The provided cell detection time percentiles (“Total time”) comprise the time needed to detect NB-PSS and NB-SSS. An NB-IoT device implementation that either accurately can determine when a NB-PSS candidate is reliable, or is able to pursue NB-SSS detection for a large number of NB-PSS candidates can meet the cell detection times provided under “Total time” in the tables. 
However a NB-IoT device that instead bases cell detection on accumulation of a certain number of NB-PSS instances and NB-SSS instances, respectively, before carrying out detection attempts will require a somewhat longer cell detection time, since NB-PSS and NB-SSS detections each separately will have to fulfil some given probability of success. Assuming independence between NB-PSS and NB-SSS detection, which is true for the AWGN scenario but only approximate for the fading channels, the number of accumulated instances given by the 95th percentiles for NB-PSS and NB-SSS, respectively, are required in order for the cell detection to be successful with 90% probability.

To exemplify, consider the in-band AWGN scenario in Table 1. For the High density case, the 90th percentile for the cell detection time at SNR -20dB according to the former design (detect when the NB-PSS result is reliable) is 410ms, whereas for the latter design it is about 40•10+15•20ms = 700 ms (“# PSS” and “# SSS”; 95th percentile). The complexity in terms of processing and memory footprint is in general lower for the latter than for the former approach. On the other hand, the latter approach would generally require more radio time and would therefore be more expensive from power consumption point of view. Hence before settling on cell detection requirements a discussion on the acceptable complexity would be in place.

The difference between the two extremes of NB-IoT cell search designs is noticeable also for the fading channels; the latter design consistently requires about 70% longer time than the former design.

Observation 1: The achievable cell detection time is highly influenced by which complexity can be accepted for the procedure. A discussion on the acceptable complexity would be in place before settling on cell detection core requirements.
Besides the cell search design as such there is also one factor that will highly influence the cell detection time and the power consumption: whether high or low density of NB-PSS and NB-SSS is used. When low density is used, each accumulated instance of NB-PSS requires 20ms radio time, whereas for high density it only requires 10ms. Moreover the memory for accumulation is doubled.

Observation 2: The density of NB-PSS has an impact on the power consumption and on the required memory for accumulation. The sparser the NB-PSS the more radio time hence power is needed for accumulating a particular number of instances. The sparser the NB-PSS the larger memory is need for accumulated result.

Moreover the results suggest that for slowly fading scenarios, the sparser the NB-SSS the more instances have to be accumulated for successful PCI detection when at extreme coverage (SNR -20dB). The cause of this is still to be determined.
Observation 3: There is a tendency at extreme coverage and slowly fading radio conditions that more instances of NB-SSS have to be accumulated for successful PCI detection when using the sparser NB-SSS pattern. 
5 Conclusions
We have carried out NB-IoT cell search simulations based on the assumptions in [1], and have made the following observations:

Observation 1: The achievable cell detection time is highly influenced by which complexity can be accepted for the procedure. A discussion on the acceptable complexity would be in place before settling on cell detection core requirements.
Observation 2: The density of NB-PSS has an impact on the power consumption and on the required memory for accumulation. The sparser the NB-PSS the more radio time hence power is needed for accumulating a particular number of instances. The sparser the NB-PSS the larger memory is need for the accumulation.

Observation 3: There is a tendency at extreme coverage and slowly fading radio conditions that more instances of NB-SSS have to be accumulated for successful PCI detection when using the sparser NB-SSS pattern. 

We encourage interested companies to share their views on the desirable balance between complexity, power consumption and cell detection time. 
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