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1 Introduction

In RAN#69, a WI on NarrowBand Internet of Things (NB-IoT) [1] has been approved. According to the WID, NB-IoT should support 3 different modes of operation, stand-alone operation, guard band operation, and in-band operation.

This contribution presents some simulation results on coverage in in-band scenarios. Particularly, this contribution provides the achieved performance of PBCH, EPDCCH and PDSCH.
2 Coverage evaluation on PBCH

For PBCH coverage evaluation, the evaluation scenario and results are shown in our companion contribution [2]. Using the same evaluation results, we obtained the achieved MCL for in-band scenario. The evaluation results are based on one decoding attempt by combining PBCHs within 640msec, and 6dB power boosting is assumed for PBCH transmission.
When 1 transmission antenna is used, the PBCH coverage performance is summarized in Table 1. PBCH transmission with higher TTI length achieves higher MCL, and DMRS based RS pattern which has 12 REs in a subframe helps to obtain higher MCL compared to CRS based RS pattern with 8 REs in a subframe.
The PBCH coverage performance when 2 transmission antennas are used is summarized in Table 2. PBCH transmission using 2 transmission antennas shows coverage gain compared to 1 transmission antenna case.
However, according to these evaluation results, the target MCL of 164dB is not achieved even if DMRS based RS pattern and 2 transmission antennas are applied. But, multiple decoding attempts and/or some additional schemes for PBCH could make to achieve the target MCL. 
Observation 1: For in-band NB-IoT PBCH transmission, it is difficult to achieve the target MCL with 6dB power boosting and one decoding attempt.
Proposal 1: Additional schemes to enhance PBCH coverage can be considered and/or multiple decoding attempts for PBCH can be assumed.
Table 1. In-band NB-IoT PBCH coverage evaluation with 1 Tx antenna

	Deployment
	Stand-alone

	PBCH TTI (msec)
	320
	640

	Demodulation RS
	CRS 

based RS
	DMRS 

based RS
	CRS 

based RS
	DMRS 

based RS

	Transmitter
	
	
	
	

	(0) Tx power (dBm)
	46
	46
	46
	46

	(1) Actual Tx Power (dBm)
	35
	35
	35
	35

	Receiver
	
	
	
	

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0

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

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.4
	-116.4
	-116.4
	-116.4

	(7) Required SINR (dB)
	-3.4
	-4.1
	-6.3
	-7.0

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-122.4
	-122.4
	-122.4
	-122.4

	(9) Rx processing gain
	0
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	154.8
	157.7
	155.5
	158.4


Table 2. In-band NB-IoT PBCH coverage evaluation with 2 Tx antennas
	Deployment
	Stand-alone

	PBCH TTI (msec)
	640

	Transmission scheme
	Random precoding
	Antenna switching

	Transmitter
	
	

	(0) 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
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.4
	-116.4

	(7) Required SINR (dB)
	-8.6
	-7.8

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-122.4
	-122.4

	(9) Rx processing gain
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	160.0
	159.2


3 Coverage evaluation on EPDCCH
For EPDCCH coverage analysis in in-band operation, it is assumed that maximum 46dBm power is shared to legacy UEs and NB-IoT UEs when the LTE cell has 10MHz bandwidth and 2 CRS ports.

It is assumed that the payload consists of 48 bits and 16 bits CRC. Antenna configuration with 2 Tx antennas and 1 Rx antenna is assumed, and 1 antenna port is used for EPDCCH and DMRS transmission. For cross-subframe channel estimation, same precoding matrix is applied during a period, and the precoding matrix is randomly selected for each period. Full resource within 1 PRB except legacy control region, legacy CRS REs, and DMRS REs for NB-IoT is used for EPDCCH transmission. An EPDCCH is mapped to 6 subframes (6 msec), and the EPDCCH is repeated in time domain for coverage enhancement.
6 dB power boosting is assumed for EPDCCH and DMRS transmission, where the EPRE between DMRS and EPDCCH is assumed as 0dB. It is however assumed that legacy CRS will be transmitted in the entire PRBs in a subframe. Thus, it is assumed that constant power is used for CRS regardless of power boosting on transmissions for NB-IoT UEs. 
More detailed evaluation assumptions are provided in Table 5 in Annex.
Based on the assumption, coverage evaluation result is summarized in Table 3. According to the result, EPDCCH transmission using 180~192 subframes (0.36 kbps in data rate) can achieve the target MCL (164 dB).
Observation 2: For in-band NB-IoT EPDCCH transmission, about 0.36 kbps data rate can be achieved to satisfy the target MCL of 164 dB when 6dB power boosting is assumed.

Table 3. In-band NB-IoT EPDCCH coverage evaluation 
	Deployment
	In-band with 10 MHz LTE

	Data rate (kbps)
	0.36
	0.33

	Number of subframes for transmission
	180
	192

	Transmitter
	
	

	(0) 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
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.4
	-116.4

	(7) Required SINR (dB)
	-12.5
	-12.8

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-122.4
	-122.4

	(9) Rx processing gain
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	163.9
	164.2


4 Coverage evaluation on PDSCH
The assumptions for PDSCH coverage evaluation are similar with EPDCCH evaluation case as shown in Table 5. However, for PDSCH transmission, the payload size of 776 bits and 24 bits CRC are assumed, and a PDSCH is mapped to 12 subframes (12 msec). For cross-subframe channel estimation, same precoding matrix is applied during a period, and the precoding matrix is randomly selected for each period. 1 port DMRS is used for data demodulation, and 6 dB power boosting is assumed for PDSCH and DMRS transmission.
PDSCH coverage evaluation result is summarized in Table 4. For calculate the date rate, 120 bits of CRC, MAC, LLC and SNDCP header is assumed and net data rate above SDNCP is obtained [3]. Then PDSCH transmission using 1440 subframes (0.47 kbps in data rate) can achieve the target MCL (164 dB).

Observation 3: For in-band NB-IoT PDSCH transmission, about 0.47 kbps data rate can be achieved to satisfy the target MCL of 164 dB when 6dB power boosting is assumed.

Table 4. In-band NB-IoT PDSCH coverage evaluation 
	Deployment
	In-band with 

10 MHz LTE

	Data rate (kbps)
	0.47

	Number of subframes for transmission
	1440

	Transmitter
	

	(0) 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
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.4

	(7) Required SINR (dB)
	-12.6

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-122.4

	(9) Rx processing gain
	0

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


5 Conclusion 

In this contribution, we provided coverage evaluation of NB-IoT EPDCCH and PDSCH in in-band scenarios. According to the evaluation results, we obtained following observations and proposal,

Observation 1: For in-band NB-IoT PBCH transmission, it is difficult to achieve the target MCL with 6dB power boosting and one decoding attempt.
Observation 2: For in-band NB-IoT EPDCCH transmission, about 0.36 kbps data rate can be achieved to satisfy the target MCL of 164 dB when 6dB power boosting is assumed.

Observation 3: For in-band NB-IoT PDSCH transmission, about 0.47 kbps data rate can be achieved to satisfy the target MCL of 164 dB when 6dB power boosting is assumed.
Proposal 1: Additional schemes to enhance PBCH coverage can be considered and/or multiple decoding attempts for PBCH can be assumed.
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Annex
Table 5. Evaluation assumptions

	Parameter
	Value

	System bandwidth
	10 MHz (in-band case)

	Carrier frequency
	900MHz

	Antenna configuration
	Tx antenna: 2, Rx antenna: 1

	Channel model, Doppler spread
	TU 1Hz

	Coding scheme
	Convolutional code

	Legacy PDCCH region
	OFDM symbol #0, #1, #2

	Legacy CRS port
	Antenna ports 0, 1

	Channel estimation RS
	DMRS port 7(107)

	Frequency tracking error
	Uniformly selected within [-50 Hz, 50 Hz]

	Cyclic Prefix
	Normal CP

	Performance target
	10% BLER
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