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Introduction
[bookmark: _Ref421460494]At RAN#69 a new work item on narrowband IoT was agreed. In this contribution we do a coverage analysis for the proposed channels for NB-LTE as described in [1] following the methodology given in in TR45.820 [2]. This analysis is for the inband case.
Link Budget Simulation Assumptions
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)
	Case 1) BS: 2T, MS: 1R (TM2, SFBC)
Case 2) BS: 1T, MS: 1R (TM1)

	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 (Note1)
	3dB power boosting for data/control 
+ 6dB CRS power boosting



Note 1: In case that no power boosting or different power boosting level is considered, this will be indicated in the evaluation results.
Link Budget Performance
In this section, the evaluation results of coverage are presented for the inband deployment option of NB-LTE. The results show that 164dB MCL target can be achieved. For reference, the link budget and data rate for coupling loss of 155.7dB (eMTC MCL target) is shown below.

M-PBCH
In this section, simulation results are presented to evaluate NB-LTE PBCH coverage performance.
Table 2: NB-LTE M-PBCH Coverage Evaluation
	Deployment
	In-band with 10 MHz LTE

	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



Here, the payload consists of 34 bits and 16-bit CRC. Antenna configuration case 1 with SFBC is used. Convolution coding is used. The M-PBCH is transmitted every 10ms in subframe #0 (using 5 OFDM symbols). The M-PBCH content changes every 640ms and 3 decoding attempts are used to achieve 10% BLER. More detailed description can be found in [1].

M-PDSCH
The sourcing companies have evaluated the M-PDSCH coverage performance, which are summarized in Table 3.
Table 3: NB-LTE M-PDSCH Coverage Evaluation
	Deployment
	In-band with 10 MHz LTE

	Date Rate (kbps)
	1.03

	Repetitions (#)
	65

	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

	(9) Rx processing gain
	0

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



Here, the payload consists of 776 bits and a 24 bit CRC is appended to it, resulting in a total of 800 bits. Antenna configuration case 1 with SFBC is used. 6 dB power boosting is assumed, and 16 dedicated CRS within a subframe (8 for each transmit antenna) are used. In addition, the first 3 OFDM symbols are unused to avoid collision with legacy PDCCH and other resource elements corresponding to legacy CRS are punctured, leaving a total of 100 resource elements within a subframe. Convolutional coding with QPSK modulation gives a total of 2400 bits and 1200 symbols, which are then mapped to 12 subframes (12 ms). 
M-EPDCCH
Coverage evaluation based on link simulation results from multiple sources is summarized in Table 4.
Table 4: NB-LTE M-EPDCCH Coverage Evaluation
	Deployment
	In-band with 10 MHz LTE

	Date Rate (kbps)
	0.533

	Repetition (#)
	20

	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)
	-13.5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-129.9

	(9) Rx processing gain
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	164.9



Here, the payload consists of 48 bits and a 16 bit CRC is appended to it, resulting in a total of 64 bits. Antenna configuration case 1 with SFBC is used. 6 dB power boosting is assumed, and 16 dedicated CRS within a subframe (8 for each transmit antenna) are used. In addition, the first 3 OFDM symbols are unused to avoid collision with legacy PDCCH and other resource elements corresponding to legacy CRS are punctured, leaving a total of 100 resource elements within a subframe. Convolutional coding with QPSK modulation gives a total of 1200 bits and 600 symbols, which are then mapped to 6 subframes (6 ms). 
[bookmark: _Ref430004141]Cell search
[bookmark: _GoBack]For inband cell search performance, see [3].
Conclusions
This contribution presents coverage evaluation for the inband deployment of NB-LTE. The evaluation methodology follows all the simulation assumptions detailed in [2]. Results from multiple independent evaluations confirm that all the physical channels and physical procedures of NB-LTE achieve 164 dB MCL also in the inband case. 
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