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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IOT) was approved is to specify a radio access solution for cellular internet of things [1]. NB-IOT should support 3 different modes of operation, i.e., stand-alone operation, guard-band operation, and in-band operation. In this contribution, link budget performance of broadcast channel (N-PBCH), synchronization signals (N-PSS and N-SSS), and downlink control channel (N-PDCCH) are analyzed based on link level simulations.
2. Simulation Assumptions
The performance objective of NB-IOT for in-band deployment for three deployments (i.e., standalone, in-band, and guardband deployments) in terms of MCL is 164dB. Details of N-PBCH, N-PSS/N-SSS, and N-PDCCH can be found in [2], [3], and [4], respectively. The simulation assumptions used in the evaluations are listed in Table 1.

Table 1: Assumptions for Link Level Simulations
	Parameter
	Value

	Legacy system bandwidth
	10 MHz

	Frequency band
	900 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz 

	Interference/noise
	Sensitivity

	Antenna configuration 
(Transmission mode)
	[Standalone] BS: 1T, MS: 1R (TM1)

[In-band/Guardband] BS: 2T, MS: 1R (TM2: SFBC)

	Frequency error
	F_offset(t) = F_est_error + (F_drift_inactive *T_inactive)  + (F_drift_active * t). 

	NB LTE specific frequency error  (F_est_error)
	Randomly chosen from [-50, 50] Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Thermal noise density (dBm/Hz)
	-174

	BS Receiver noise figure (dB)
	3

	MS Receiver noise figure (dB)
	5

	Interference margin (dB)
	0

	Receiver processing gain (dB)
	0

	# of PRB
	1

	Power boosting for 
In-band/Guardband Scenarios
	6dB power boosting except for CRS


3. N-PBCH
In this part, the coverage performance of N-PBCH is shown in standalone and in-band deployment scenarios. The N-PBCH design option 2 is considered, and more details can be found in [2].
The N-PBCH payload consists of 34 bits and 16-bit CRC (i.e., total 50 bits). Additional Reference Signals are used for channel estimation. The N-PBCH is transmitted every 10ms in subframe #0 (using all OFDM symbols except the first three), and the N-PBCH content changes every 640ms. The link budget is based on decoding a complete N-PBCH code block (640ms). The target BLER of the N-PBCH is 10%.
3.1. Standalone Deployment
Table 2: NB-IOT N-PBCH Coverage Evaluation: Standalone Deployment
	Acquisition time (ms)
	640

	Transmitter
	

	Max Tx power (dBm)
	43

	(1) Actual Tx power (dBm)
	43

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	180,000

	(6) Effective noise power
	-116.4

	(7) Required SINR (dB)
	-8.4

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-124.8

	(9) Rx processing gain
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	167.8


3.2. In-band Deployment
Table 3: NB-IOT N-PBCH Coverage Evaluation: In-band Deployment
	Acquisition time (ms)
	1920

	Transmitter
	

	Max Tx power (dBm)
	46

	(1) Actual Tx power (dBm)
	35

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	180,000

	(6) Effective noise power
	-116.4

	(7) Required SINR (dB)
	-12.6

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-129.0

	(9) Rx processing gain
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	164.0


3.3. Guardband Deployment
FFS

4. N-PSS/SSS
4.1. In-band Deployment

The following table shows the performance of initial cell search for NB-IOT deployed in a 10 MHz system with 6 dB boosting of NB-IOT at 164 dB MCL. The detailed synchronization signal design and the simulation assumptions can be found in [3].
Table 4: Detection and False Alarm Probabilities of Initial Cell Search for In-band Deployment
	
	6 dB boosting of NB-IOT at 164 dB MCL

	
	0 interferer
	2 interferers

	
	No CRS/
No Puncturing
	2TX CRS/
Puncturing
	No CRS/
No Puncturing
	2TX CRS/
Puncturing

	Detection Probability
	98%
	100%
	97%
	100%

	False Alarm Probability
	2.8%
	0.9%
	3.1%
	1%


Table 5: Latency Evaluation for Initial Cell Search for In-band Deployment 

	
	6 dB boosting of NB-IOT at 164 dB MCL

	
	0 interferer
	2 interferers

	
	No CRS/
No Puncturing
	2TX CRS/
Puncturing
	No CRS/
No Puncturing
	2TX CRS/
Puncturing

	50%
	950 ms
	390 ms
	1080 ms
	410 ms

	90%
	2880 ms
	980 ms
	3270 ms
	1060 ms

	Average
	1285 ms
	495 ms
	1474 ms
	531 ms


4.2. Guardband Deployment
FFS
5. N-PDCCH
In this section, the link budget performance of N-PDCCH of NB-IOT are evaluated. The target BLER of the N-PDCCH is 10%.

5.1. Standalone Deployment
In this section, the evaluation results of coverage are presented for the standalone deployment option of NB-IOT. The results show that 164dB MCL target can be achieved in ‘extreme’ coverage mode. It is also shown that coupling loss of 154dB and 144dB can be also achieved in ‘robust’ and ‘basic’ coverage modes, respectively. 
Table 6: NB-IOT N-PDCCH Coverage Evaluation: Standalone Deployment
	Coverage mode
	Basic
	Robust
	Extreme

	Transmitter
	
	
	

	Max Tx power (dBm)
	43
	43
	43

	(1) Actual Tx power (dBm)
	40
	40
	40

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	90,000
	90,000
	90,000

	(6) Effective noise power
	-119.4
	-119.4
	-119.4

	(7) Required SINR (dB)
	9.6
	4.5
	-5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-109.8
	-114.9
	-124.4

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	149.8
	154.9
	164.4


5.2. In-band Deployment
In this section, the evaluation results of coverage are presented for the In-band deployment option of NB-IOT. The results show that 164dB MCL target can be achieved in ‘extreme’ coverage mode. It is also shown that coupling loss of 154dB and 144dB can be also achieved in ‘robust’ and ‘basic’ coverage modes, respectively. 

Table 7: NB-IOT N-PDCCH Coverage Evaluation: In-band Deployment
	Coverage mode
	Basic
	Robust
	Extreme

	Transmitter
	
	
	

	Max Tx power (dBm)
	46
	46
	46

	(1) Actual Tx power (dBm)
	32
	32
	32

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	90,000
	90,000
	90,000

	(6) Effective noise power
	-119.4
	-119.4
	-119.4

	(7) Required SINR (dB)
	5.3
	-3.8
	-13.4

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-114.1
	-123.2
	-132.8

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	146.1
	155.2
	164.8


5.3. Guardband Deployment
FFS
6. Conclusions

In this document, we show the link budget performance of broadcast channel, synchronization signals, and downlink control channel based on link level simulations. For the above downlink channels, 164 dB MCL is achieved in both standalone and in-band deployments. 
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