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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things [1]. NB-IoT should support three different modes of operation, i.e., standalone operation, guard-band operation, and in-band operation. At RAN1#82bis, the following agreements were achieved for NB-IoT in-band deployment scenario.
Agreement:

· For LTE in-band operation, at least the following scenario is evaluated: collocated deployment where NB-IoT and LTE share the same BS and cell layout
· For DL, the transmission power of the BS is shared between NB-IoT and LTE

· Details FFS

Agreements:
· For LTE in-band evaluation, the  power boosting value(s) as a coverage enhancement technique 

· 3dB, 6dB
· For reference EPRE, equal power distributed across the number of PRB in the system is used
· Ask RAN4 the feasibility of 6 dB
· Note that RAN1 will continue to have technical evaluations parallelly
· Prepare draft LS to RAN4 until Thursday – (LG Electronics)
Agreements:
· If more than one PRB is used for NB-IoT, not more than 1 PRB is boosted by 6dB. 
In addition, the following agreements were achieved for evaluation of NB-IoT in-band operation.

Agreement:

· For NB-IoT analysis for the in-band case, it is assumed that 

· 10 downlink subframes are available in a frame, 1 PRB is available for NB-IoT in a subframe, and

· 4 downlink subframes are available in a frame, at least 1 PRB available for NB-IoT in a subframe

· This means that NB-IoT is not served in the other 6 subframes of the frame 

· Other number of PRBs are not precluded (especially considering the limitation of power boosting)

· Note: it is not intended to have restrictions biased towards any specific solution

Agreement:  
· For LTE in-band operation simulations, the following interference models are to be provided if necessary:

· For both UL and DL: 

1. 
Model of interference from an NB-IoT subcarrier (with UL timing error in the UL case) to an LTE PRB. 

2. 
Model of interference from an LTE PRB to an NB-IoT sub-carrier (with UL timing error in the UL case).

3. 
Model of interference from an NB-IoT sub-carrier to another NB-IoT subcarrier (with UL timing error in the UL case). 

Note that UL timing error value can be solution specific.
Note that term “subcarrier” is not intended to proscribe certain solutions.
More details of the link-level evaluation assumptions for in-band operation were summarized in R1-156284. Simulation assumptions used in the evaluations are summarized in Annex A. In this document, we discuss the in-band deployment scenario and provide the coverage evaluation results. 
2. In-band Deployment Scenario
In this part, we describe the additional or specific assumptions considered in the in-band deployment scenario for evaluations.
· PRB Power Boosting: Only the case of 1 PRB is considered for evaluations, and 6 dB power boosting is used. 
· N-CRS: The N-CRS defined in [2] are used for channel estimation and demodulation in the performance evaluations. However, it is possible that NB-IoT can reuse LTE CRS for channel estimation and demodulation if appropriate.
· TX/RX Filter: 
· LTE/NB-IoT Tx Filter: LTE and NB-IoT share the Tx filter. Fig. 1 shows time response of the LTE Tx 90-taps FIR filter. As shown in the figure, 99% of the energy is concentrated within 20-taps and the corresponding length is 1.3us. Since the cyclic prefix length is 4.6875 us with 15kHz subcarrier spacing, the filter is well contained in the cyclic prefix length. The frequency responses of the LTE and NB-IoT signal are plotted in Fig.2.
· NB-IoT Rx filter: Rx filter of NB-IoT is the same as that used for the standalone case in [3].
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Figure 1. Time response of LTE Tx FIR filter for the system BW = 10MHz
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Figure 2. PSD of LTE and NB-IoT signal with 6dB power boost
· Interference Modeling: To investigate accurate performance evaluations, the signals in the NB-IoT PRB and legacy LTE signals in the adjacent PRBs are always transmitted together to reflect the real interference environment. 
3. N-PSS/N-SSS 
The performance of cell search is shown in the companion document [4].
4. N-PBCH 
In this part, the coverage performance of N-PBCH is evaluated for the in-band deployment scenario. The N-PBCH design details can be found in [5]. We include some highlight here.

The N-PBCH payload consists of 34 bits and 16-bit CRC (i.e., total 50 bits). The N-CRS in [2] 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. 
Fig. 3 shows the N-PBCH BLER performance versus SNR. There is no much performance difference when the number of adjacent PRBs is increased from 2 to 10 for LTE signal transmission. It is observed that the gain of about 2-3 dB can be obtained when doubling the number of code sub-blocks used by the receiver. With one received code sub-block, the required SNR is -4.4 dB for 10% BLER. With a complete received code block (i.e. 8 code sub-blocks), the required SNR is -11.7 dB for 10% BLER. It is noted that there is about 2-3 dB gain compared to the standalone case in [3], due to the SFBC based N-PBCH transmission. Table 1 summarizes the corresponding coverage performance with 10% target BLER of the N-PBCH. It is observed that 163.1dB MCL is achievable when receiving a complete code block and the target of 164dB MCL can be achieved by considering multiple decoding attempts.
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Figure 3: N-PBCH BLER Performance Using N-CRS
Table 1: NB-IoT N-PBCH Coverage Evaluation (In-band)
	Acquisition time (ms)
	640
	80

	Transmitter
	
	

	Max Tx power (dBm)
	46
	46

	(1) Actual Tx power (dBm)
	35
	35

	Receiver
	
	

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

	(3) Receiver noise figure (dB)
	5
	5

	(4) Interference margin (dB)
	0
	0

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

	(6) Effective noise power
	-116.4
	-116.4

	(7) Required SINR (dB)
	-11.7
	-4.4

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-128.1
	-120.8

	(9) Rx processing gain
	0
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	163.1
	155.8


5. N-PDCCH 

In this section, the link budget performance of N-PDCCH of NB-IoT is evaluated. The target BLER of the N-PDCCH is 10%. The N-PDCCH payload consists of 64 bits including CRC. It is assumed that 5 LTE PRBs are scheduled on each side of scheduled NB-IoT and the N-CRS in [2] is used for channel estimation.
The resource allocated to the N-PDCCH is divided into three coverage classes corresponding to different coupling loss values. MCS for extreme coverage class of N-PDCCH is proposed in Table 2 and Table 3 shows corresponding coverage performance of N-PDCCH.

Table 2: MCS of Extreme Coverage Mode: N-PDCCH
	
	Extreme

	Coding scheme
	Convolutional Code

	Code rate (per repetition)
	0.158

	Modulation
	BPSK

	# of Repetition
	45

	# of Subcarriers
	6

	# of OFDM symbols (per subframe)
	12

	Effective Transmission Time
	315 ms

	Data Rate
	203 bps


Table 3: NB-IoT N-PDCCH Coverage Evaluation
	Coverage mode
	Extreme

	Transmitter
	

	Max Tx power (dBm)
	46

	(1) Actual Tx power (dBm)
	32

	Receiver
	

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

	(3) Receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

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

	(6) Effective noise power
	-119.5

	(7) Required SINR (dB)
	-12.8

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-132.3

	(9) Rx processing gain
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	164.3


The result shows that 164dB MCL target can be achieved in extreme coverage mode.
6. N-PDSCH 

In this section, the link budget performance of N-PDSCH of NB-IoT is evaluated. The target BLER of the N-PDSCH is 10%. The N-PDSCH payload consists of 800 bits including CRC. It is assumed that 5 LTE PRBs are scheduled on each side of scheduled NB-IoT and the N-CRS in [2] is used for channel estimation.
The resource allocated to the N-PDSCH is divided into three coverage classes corresponding to different coupling loss values. MCS for extreme coverage class of N-PDSCH is proposed in Table 4 and Table 5 shows corresponding coverage performance of N-PDSCH.

Table 4: MCS of Extreme Coverage Mode: N-PDSCH
	
	Extreme

	Coding scheme
	Convolutional Code

	Code rate (per repetition)
	0.46

	Modulation
	BPSK

	# of Repetition
	80

	# of Subcarriers
	12

	# of OFDM symbols (per subframe)
	12

	Effective Transmission Time
	1200 ms

	Data Rate
	667 bps


Table 5: NB-IoT N-PDSCH Coverage Evaluation
	Coverage mode
	Extreme

	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)
	-12.7

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-129.1

	(9) Rx processing gain
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	164.1


The result shows that 164dB MCL target can be achieved in extreme coverage mode.
7. Conclusions
In the contribution, the coverage performance of NB-IoT downlink with 15 kHz subcarrier spacing is evaluated in in-band operation mode, and we have the following observation:
Observation: For NB-IoT deployment in in-band operation mode, all the downlink physical channels can satisfy the MCL target when 15 kHz subcarrier spacing is used.
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9. Annex A
The simulation assumptions used in the evaluations are listed in Table A1.
Table A1: Assumptions for Link Level Simulations
	
	Parameter
	Value

	Common
	Legacy system bandwidth
	10 MHz

	
	Frequency band
	900 MHz

	
	Propagation channel model
	TU

	
	Doppler spread
	1 Hz

	
	Interference/noise
	Sensitivity

	
	Antenna configuration 
(Transmission mode)
	BS: 2T (TM2: SFBC)

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

	
	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

	
	CSI-RS/IM configuration 
& MBSFN SF configuration
	None

	NB-IoT
	Power boosting
	6dB power boosting except for CRS

	
	LTE PRB index for NB-IoT transmission
	10

	LTE
	# of OFDM symbols for PDCCH
	2

	
	# of scheduled PRBs
	1 on each side of scheduled NB-IoT
	5 on each side of scheduled NB-IoT

	
	LTE PDSCH modulation
	16QAM
	QPSK
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