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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].
Downlink Performance
Cell Search
Coverage analysis of cell search can be found in [3].
M-PBCH
In this section, simulation results are presented to evaluate NB-LTE M-PBCH coverage performance where M-PBCH is described in [1]. The simulation assumptions used are based on the ones outlined in [2], and are summarized in Table 1. 
[bookmark: _Ref425174722]Table 1: Simulation parameters
	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 1 Rx

	Cyclic prefix
	Normal

	Timing uncertainty
	Uniformly drawn from the cyclic prefix range (+ and -). See Note 1.

	Frequency error
	-50 Hz, or 50 Hz drawn with equal probability for each realization. See Note 2.

	Number of channel realizations
	5,000

	Note 1: This timing accuracy is achieved in NB-LTE cell search.
Note 2: 99% frequency errors are within 50 Hz in NB-LTE cell search.
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[bookmark: _Ref426229162]Figure 1: M-PBCH Block Error Rates Using NB-LTE CRS
Figure 1 shows the NB-LTE M-PBCH block error rate (BLER) performance versus SNR using NB-LTE specific CRS for channel estimation. It can be seen that roughly 4 dB gain is provided by using 2 instead of 1 sub-block. The reason the gain exceeds 3 dB is due to the time diversity achieved when transmitting over 160 ms. Gains between 3-4 dB are also observed for other transmission schemes when doubling the number of code sub-blocks used by the receiver. With one received code sub-block, the required SNR is 3.1 dB for 10% BLER. With a complete received code block (i.e. 8 code sub-blocks); the required SNR is -7.3 dB for 10% BLER. Table 2 summarizes the corresponding coverage performance.
[bookmark: _Ref426230357]Table 2: NB-LTE M-PBCH Coverage Performance Using NB-LTE CRS
	
	Full block
	4 sub-blocks
	1 sub-block

	1)      Tx power (dBm)
	43
	43
	43

	2)      PSD (dBm/Hz)
	-174
	-174
	-174

	3)      Rx noise figure (dB)
	5
	5
	5

	4)      Interference margin (dB)
	0
	0
	0

	5)      BW (Hz)
	180000
	180000
	180000

	6)      Effective noise
(2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.4473
	-116.4473
	-116.4473

	7)      Required SINR (dB)
	-7.3
	-4.6
	3.1

	8)      Rx sensitivity (dBm)
6)+7)
	-123.7473
	-121.0473
	-113.3473

	9)      Rx processing gain (dB)
	0
	0
	0

	10)    MCL (dB)
1)-8)+9)
	166.7473
	
164.0473
	
156.3473



From Table 2, it can be seen that NB-LTE M-PBCH coverage performance can support up to 166.7 dB maximum coupling loss (MCL) at 10 % BLER for standalone deployment. With four received code sub-blocks, NB-LTE can already support up to 164.0 dB MCL at 10% BLER for standalone deployment. As a result, for users in extreme coverage class (164 dB MCL) in NB-LTE, the M-PBCH decoding latency is 320 ms. 
With one received code sub-block, NB-LTE can support up to 156.3 dB MCL at 10% BLER. Thus, for users in robust coverage class (154 dB MCL), the M-PBCH decoding latency is 80 ms.  
For users in basic coverage class (144 dB MCL) in NB-LTE, they do not have to receive all the 8 copies of one code sub-block.  Therefore, their PBHC decoding latency could be potentially smaller than 80 ms.

M-PDSCH
The evaluation methodology as detailed in section 5.1 of [2] is fully adopted. The assumptions used in our evaluation are the same as those given in Table C.1 of [2]. The parameters related to link level simulation and MCL calculation are summarized in Table 3.

[bookmark: _Ref429150631]Table 3: Assumptions for M-PDSCH link simulations
	Parameter
	Value

	Frequency band
	900 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	BS:1T, MS:1R

	Timing uncertainty
	Uniformly drawn from the cyclic prefix range (+ and -).

	Frequency error
	-50 Hz, or 50 Hz drawn with equal probability for each realization.

	Number of channel realizations
	5,000



The traffic model assumed is based on network commands of 20-bytes, see E.2.3 of [2]. Overhead for COAP/DTLS/UDP/IP amounts to 65 bytes without IP header compression, see E.2.3 of [2].. Furthermore, as required by [2], the Gb interference is assumed, which results in additional overheads of 4 bytes from SNDCP, 6 bytes from LLC, 2 bytes from MAC, and 3 bytes CRC. Therefore, overall 800 bits, including CRC, are transmitted on the PHY layer.

For channel estimation, real cross-subframe/multi-subframe estimation method is applied to suppress noise sufficiently, e.g., for extreme coverage, the method is applied on more than 6 subframes.

Coverage evaluation based on link simulation results is summarized in Table 4.
[bookmark: _Ref429150835]Table 4: M-PDSCH coverage evaluation.
	Data Rate (kbps) above SNDCP
	3.1
	18.9
	113.3

	Transmitter
	 
	
	

	Max Tx power (dBm)
	43
	43
	43

	(1) Actual Tx power (dBm)
	43
	43
	43

	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)
	180,000
	180,000
	

	(6) Effective noise power
	-116.4
	-116.4
	-116.4

	= (2) + (3) + (4) + 10 log ((5))  (dBm)
	
	
	

	(7) Required SINR (dB)
	-4.7
	3.6
	11.7

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-121.1
	-112.8
	-104.7

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	164.1
	155.8
	147.7



M-EPDCCH
The simulation assumptions used for M-EPDCCH evaluation are the same as those for M-PDSCH.
A 10% BLER is targeted at the MCL, as agreed in [2].
Coverage evaluation based on link simulation results is summarized in Table 5.
[bookmark: _Ref429151280]Table 5: M-EPDCCH coverage evaluation.
	Transmitter
	 
		
	

	Max Tx power (dBm)
	43
	43
	43

	(1) Actual Tx power (dBm)
	43
	43
	43

	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)
	180,000
	180,000
	180,000

	(6) Effective noise power
	-116.4
	-116.4
	-116.4

	= (2) + (3) + (4) + 10 log ((5))  (dBm)
	
	
	

	(7) Required SINR (dB)
	-6.0
	4
	12

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-122.4
	-112.4
	-104.4

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	165.4
	155.4
	147.4





Uplink performance
M-PRACH
Simulation results for the NB-LTE M-PRACH design can be found in [4].
M-PUSCH
Evaluation methodology as detailed in section 5.1 of [2] is fully adopted. Assumptions used in our evaluation are the same as those given in Table C.1 of [2]. The parameters related to link level simulation and MCL calculation are summarized in Table 6. Independent evaluations are performed by multiple companies.

[bookmark: _Ref429149454]Table 6 Assumptions for M-PUSCH link simulations
	Parameter
	Value

	Frequency band
	900 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	MS:1T, BS:2R

	Timing uncertainty
	Uniformly drawn from the cyclic prefix range (+ and -).

	Frequency error
	F_offset(t) = F_est_error + (F_drift_active * t)

	NB LTE specific frequency error  (F_est_error)
	Uniformly drawn from the set {-50 Hz, 50 Hz} 

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Number of channel realizations
	5,000



The traffic model assumed is based on an exception report with an application payload of 20 bytes, see [2]. Overhead for COAP/DTLS/UDP/IP amounts to 65 bytes without IP header compression, see Table E.2-3 of [2]. Furthermore, as required by [2], Gb interference is assumed, which results in additional overheads of 4 bytes from SNDCP, 6 bytes from LLC, 2 bytes from MAC, and 3 bytes CRC. Therefore, overall 800 bits, including CRC, are transmitted on the PHY layer.
For channel estimation, multi-subframe average is employed to suppress noise, e.g., for extreme coverage. Coverage evaluations for different levels of MCL’s are shown in Table 7.

[bookmark: _Ref431301425]Table 7: M-PUSCH performance.
	Data rate(kbps) above SNDCP
	0.35
	1.8
	28.3

	Transmitter
	
	
	

	(1) Tx power (dBm)
	23
	23
	23

	Receiver
	
	
	

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

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

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	2,500
	5,000
	80,000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-137.0
	-134.0
	-122.0

	(7) Required SINR (dB)
	-5.6
	0.7	
	0.4

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-142.6
	-133.3
	-121.6

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	165.6
	156.3
	144.6


Conclusions
This contribution presents coverage evaluation for the stand-alone 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. 
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