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 Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]NB-IoT work has been kick-started in RAN4#76bis. One important aspect of the NB-IoT WID [1] is to define the BS RF requirements for the NB-IoT base station. 
It was agreed in RAN4#76bis that RAN4 would capture the NB-IoT work in some form of documentation to better facilitate and progress the NB-IoT work. (Note that there was no dedicated TR created during the WID formulation [1]).  
This contribution provided the proposals on how to capture the NB-IoT BS class(s).
Discussion
In this section, the background and justifications to the NB-IoT BS class(s) proposals will be presented. 
For NB-IoT BS class, the concept is to define different BS classes according to the MCL and application scenarios, such as the general-purpose application scenarios. For NB-IoT coverage analysis, several contributions provided detailed analysis [2] [3] [4]. In TR 45.820, methodology to perform MCL evaluation for NB-IoT/C-IoT has also been provided. The methodology is also inline with the LC-MTC work in TR 36.888. Therefore, it is reasonable to reuse the MCL evaluation methodology. We briefly summarise the MCL evaluation methodology here:
· MCL is calculated from the equations below:
MCL (dB) = max_Tx_Pow (dBm) – Rx_Sensitivity (dBm)                        -- (1)
Rx_Sensitivity (dBm) = Effective_noise_power (dBm) + Req_SINR (dB)       -- (2)
Effective_noise_power (dBm) = Thermal_noise_density (dBm/Hz) + 10*log10 (OBW) + Rx_NF (dB) + Interf_Margin (dB)  		   -- (3)
For NB-IoT, occupied channel bandwidth is 200 kHz for both DL and UL. For DL, 15 kHz subcarrier spacing is assumed, this equals to 12 subcarriers. For UL, 2.5 kHz subcarrier spacing is assumed, which gives 80 subcarriers (6 PRBs). Note that 10 kHz guard-band is reserved on the channel bandwidth edges [4]. Typical BS receiver NF is 3 dB and UE receiver NF is 5 dB. No interference margin is assumed. Thus, Equation (3) can be simplified to
Effective_noise_power (dBm) = Thermal_noise_density (dBm/Hz) + 10*log10 (OBW) + Rx_NF (dB) 		   -- (3)
Thus, the DL interference floor and UL interference floor can be calculated and given by -116 dBm and -118 (-137 for single-tone transmission)) dBm respectively. 
From Equation (2), the typical receiver sensitivity level can be determined. The receiver SINR required to operate certain service bit rate can be obtained via link level simulation. For NB-IoT, the service data rate will be low. We can therefore deduce from TR 36.942 (Appendix A) that the typical SINR requirement for low bit rate service is ~ -4 dB. This gives the DL and UL receiver sensitivity level of -120 dBm and -122 (-141) dBm respectively. 
For stand-alone and guard-band operation, we can estimate that the DL and UL MCL as 163 dB and 145 (164) dB respectively, assuming maximum BS Tx Power = 43 dBm and maximum UE Tx Power = 23 dBm.   
Based on those MCL analysis and methodology, we can observe that
· Average LTE coverage performance for data and control channel is in the region of 140 dB +/- several dBs of margin due to simplification of the MCL methodology and practical radio network planning factors.  
· Coverage improvement of 20 dB can be re-used as target for the NB-IoT DL and UL coverage with respect to existing LTE system, giving the overall MCL target of 160 dB for both UL and DL NB-IoT system. 
Hence, it is proposed to  
Proposal 1: Specify NB-IoT BS class with MCL of 160 dB. 
Regarding the application scenarios, since NB-IoT system in fact is about supporting internet of things, there will be massive number of such devices deployed, in houses, shops, basements, vehicles, etc. A non-exhaustive list of NB-IoT BS application is provided below:
· Smart cities and intelligent transportation system
· Smart building 
· Automotive and connected vehicles
· Consumer electronics
· Connected health services
· Smart grid and utilities
· Smart manufacturing applications
· Retail and leisure applications
· Construction applications
· Agriculture and environment applications
· Emergency and security services
Each application scneario can be deployed using either stand-alone, guard-band or in-band approach. Given such a wide list of applications and scenarios for NB-IoT system, it is proposed to specify general-purpose NB-IoT BS class in Release-13 timeframe. For subsequent releases, further improvements and optimisations of NB-IoT can be performed. Thus,
Proposal 2: Specify general-purpose NB-IoT BS class.
From Proposal 1 and 2, we outlined some TPs to be included in the NB-IoT documentation. 
Text Proposals
======== TPs start =====================
X NB-IoT base station class
NB-IoT Base Station (BS) class is used for general-purpose Internet of Things (IoT) applications. The NB-IoT BS class assumes relatively high MCL in order to provide 20 dB coverage improvements. The NB-IoT BS is characterised by requirements derived based upon the MCL between BS and UE equals to 160 dB. 
======== TPs end =====================

Conclusions
In this contribution, two proposals have been presented to capture the NB-IoT BS class:
Proposal 1: Specify NB-IoT BS class with MCL of 160 dB. 
Proposal 2: Specify general-purpose NB-IoT BS class.
TPs are also provided based on the two proposals above. It is proposed that the TPs can be included in the NB-IoT documentation. 
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