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1. Introduction
In the RAN4#80 meeting, the coverage issue of NPBCH was proposed and discussed online and offline. The main concern for NPBCH channel is whether SNR@1% BLER can satisfy the target SNR. Therefore in this contribution, we would like to further investigate the link budget for NB-IoT BS and UE considering some RF factors which will be quite beneficial to find the corresponding the SNR levels. 
2. Link Budget for NB-IoT BS and UE
The link budget tables for NB-IoT BS and UE are listed in the Table 1/2/3/4/5/6/7/8. In the Link budget tables for NB-IoT UE in the downlink, both noise figure and 1/f noise are considered which is the same as the values used for defining UE REFSENS. In addition, we also distinguish the link budget for standalone NB-IoT and  in-band&guard band NB-IoT where link budget is quite different due to different transmit power at BS side. 
Table 1. Link Budget for Standalone NB-IoT: Downlink
	Scenario
	Standalone NB-IoT

	Transmit power 
	43dBm

	Channel Bandwidth
	200KHz

	Transmission bandwidth
	180KHz

	MCL 
	144
	154
	164

	UE NF 
	8.5dB

	 1/f Noise  
	0.8dB

	Target SNR
	10.69dB
	0.69dB 
	-9.31dB 

	Note1: 10MHz LTE system is assumed with transmit power 46dBm;

Note2: 1/f Noise is caused by NB-IoT DC leakage. 


Table 2. Link Budget for In-band&Guard-band NB-IoT: Downlink  .

	Scenario
	In-band&Guard-band NB-IoT

	Transmit power 
	46dBm

	Transmission Bandwidth 
	180KHz

	MCL 
	144
	154
	164

	UE NF 
	8.5

	 1/f Noise  
	0.8dB

	Target SNR without power boosting 
	-3.30dB
	-13.30dB 
	-23.30dB 

	Target SNR with 6dB power boosting
	2.70dB
	-7.30dB
	-17.30dB

	Note1: 10MHz LTE system is assumed with transmit power 46dBm;
Note2: 1/f Noise is caused by NB-IoT DC leakage. 


Table 3. Link Budget for NB-IoT UE [single tone: 3.75KHz]: Uplink 
	Scenario
	NB-IoT UE (Single tone :3.75KHz)

	Maximum transmit power
	23dBm

	Minimum transmit power
	-40dBm

	Channel Bandwidth 
	200KHz

	Transmission bandwidth 
	180KHz

	MCL 
	144dB
	154dB
	164dB

	CLx-ile 
	141dB

	BS NF 
	5dB

	Target SNR 
	12.26dB 
	2.26dB
	-7.74dB


Table 4. Link Budget for NB-IoT UE [single tone: 15KHz]: Uplink 
	Scenario
	NB-IoT UE (Single tone :15KHz)

	Maximum transmit power
	23dBm

	Minimum transmit power 
	-40dBm

	Channel Bandwidth 
	200KHz

	Transmission bandwidth 
	180KHz

	MCL 
	144dB
	154dB
	164dB

	CLx-ile 
	135

	BS NF 
	5dB

	Target SNR 
	6.24dB 
	-3.76dB
	-13.76dB


Table 5. Link Budget for NB-IoT UE [Multiple tone: 15KHz]: Uplink 
	Scenario
	NB-IoT UE (Multiple tone :15KHz)

	Maximum transmit power
	23dBm

	Minimum transmit power
	-40dBm

	Channel Bandwidth 
	200KHz

	Transmission bandwidth 
	180KHz

	MCL 
	144dB
	154dB
	164dB

	CLx-ile 
	135/130/127/124

	BS NF 
	5dB

	IM 
	2dB 

	The number of tones
	1/3/6/12
	1/3/6/12
	1/3/6/12

	Target SNR [dB]
	6.24/1.47/-1.54/-4.55 
	-3.76/-8.53/-11.54/-14.55
	-13.76/-18.53/-21.54/-24.55


Table 6. Link Budget for NB-IoT UE [single tone: 3.75KHz]: Uplink 
	Scenario
	NB-IoT UE (Single tone :3.75KHz)

	Maximum transmit power
	20dBm

	Minimum transmit power
	-40dBm

	Channel Bandwidth 
	200KHz

	Transmission bandwidth 
	180KHz

	MCL 
	144dB
	154dB
	164dB

	CLx-ile 
	141dB

	BS NF 
	5dB

	Target SNR 
	9.26dB 
	-1.26dB
	-10.74dB


Table 7. Link Budget for NB-IoT UE [single tone: 15KHz]: Uplink 
	Scenario
	NB-IoT UE (Single tone :15KHz)

	Maximum transmit power
	20dBm

	Minimum transmit power 
	-40dBm

	Channel Bandwidth 
	200KHz

	Transmission bandwidth 
	180KHz

	MCL 
	144dB
	154dB
	164dB

	CLx-ile 
	135

	BS NF 
	5dB

	Target SNR 
	3.24dB 
	-6.76dB
	-16.76dB


Table 8. Link Budget for NB-IoT UE [Multiple tone: 15KHz]: Uplink 
	Scenario
	NB-IoT UE (Multiple tone :15KHz)

	Maximum transmit power
	20dBm

	Minimum transmit power
	-40dBm

	Channel Bandwidth 
	200KHz

	Transmission bandwidth 
	180KHz

	MCL 
	144dB
	154dB
	164dB

	CLx-ile 
	135/130/127/124

	BS NF 
	5dB

	IM 
	2dB 

	The number of tones
	1/3/6/12
	1/3/6/12
	1/3/6/12

	Target SNR [dB]
	3.24/-2.47/-4.54/-7.55 
	-6.76/-11.53/-14.54/-17.55
	-16.76/-21.53/-24.54/-27.55


3. Conclusions
In this contribution, we provided some detailed analysis of link budget link for all NB-IoT scenario, these corresponding SNR levels should be taken into account when defining the demodulation requirement especially for cell coverage requirement. 
Proposal:  to adopt the above Link budget for NB-IoT when defining the UE and BS demodulation requirement 
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