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1. Introduction
In the RAN4#82 meeting, CRs to revise FRC for NB-IoT in TS36.104 and TS36.141 was approved because the allocated resource blocks in A1-6 are not limited to 2x3y5z, however the corresponding REFSENS power level is not adjusted accordingly. Therefore in this contribution, we want to further discuss the E-UTRA REFSENS requirement based on the agreed FRC table for E-UTRA REFSENS requirement with in-band NB-IoT operation. 
2. Discussion  
E-UTRA Wide Area BS REFSENS requirements are listed in the following table in which the configuration of with or without in-band NB-IoT operation for E-UTRA BS are both specified, however Reference sensitivity power level for different configurations are exactly the same even under the condition that allocated RBs is different. For example, 3MHz E-UTRA BS with in-band NB-IoT operation, allocated RBs is 12PRB, however allocated RBs for 3MHz E-UTRA BS without in-band NB-IoT operation is 15PRB, in addition other than allocated RBs, other FRC parameters are also adjusted accordingly, therefore it’s proposed to revise these values instead of reusing existing E-UTRA BS requirements directly. 
Proposal 1: propose to revise Reference sensitivity power level for 3MHz and 5MHz E-UTRA BS with in-band NB-IoT operation. 
Table 7.2.1-1: E-UTRA Wide Area BS reference sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-106.8

	3
	FRC A1-2 in Annex A.1

	-103.0

	3
	FRC A1-6 in Annex A.1 for E-UTRA with NB-IoT in-band operation***
	-103.0**

	5
	FRC A1-3 in Annex A.1


	-101.5

	5
	FRC A1-7 in Annex A.1 for E-UTRA with NB-IoT in-band operation
	-101.5**

	10
	FRC A1-3 in Annex A.1*
	-101.5

	15
	FRC A1-3 in Annex A.1*
	-101.5

	20
	FRC A1-3 in Annex A.1*
	-101.5 

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each.

Note**: 
The requirements apply to BS that supports E-UTRA with NB-IoT in-band operation.

Note***: PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of FRC A1-6 mapped to the 12 LTE resource blocks adjacent to the NB-IoT PRB.


For the REFSENS requirement of E-UTRA BS, it is usually calculated as following:
REFSENS=-174dBm/Hz+10*log10(BW)+NF+SNR+IM;
Where NF is assumed as 5dB for Wide area BS, IM is assumed as 2dB. 
Then for 5MHz E-UTRA BS, its corresponding SNR is -1.0321dB; for 3MHz E-URA BS, its corresponding SNR is -0.3136dB.
According to the allocated PRBs for E-UTRA with in-band NB-IoT operation, then REFSENS for 3MHz (12PRBs used) with in-band NB-IoT operation could be derived as -103.9691dBm, REFSENS for 5MHz(24PRBs) with in-band NB-IoT operation could be derived as -101.6452dBm. 
3. Conclusions
In this proposal, we made the following corrections for REFSENS of E-UTRA BS with in-band NB-IoT operation.
Table 7.2.1-1: E-UTRA Wide Area BS reference sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-106.8

	3
	FRC A1-2 in Annex A.1

	-103.0

	3
	FRC A1-6 in Annex A.1 for E-UTRA with NB-IoT in-band operation***
	-104.0**

	5
	FRC A1-3 in Annex A.1


	-101.5

	5
	FRC A1-7 in Annex A.1 for E-UTRA with NB-IoT in-band operation
	-101.6**

	10
	FRC A1-3 in Annex A.1*
	-101.5

	15
	FRC A1-3 in Annex A.1*
	-101.5

	20
	FRC A1-3 in Annex A.1*
	-101.5 

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each.

Note**: 
The requirements apply to BS that supports E-UTRA with NB-IoT in-band operation.

Note***: PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of FRC A1-6 mapped to the 12 LTE resource blocks adjacent to the NB-IoT PRB.
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