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1 Introduction
During the RAN #83bis the CAT-M2 REFSENS is discussed with WF agreement [1] and REFSENS number is updated in CR [2].
However, for narrow band 1.4 MHz and 3 MHz, a further relaxation is considered due to impact of IIP2 (self-mixing and 2nd order non-linearity) in release 8, this is discussed in [3] and relax factor for REFSENS is 0.5 dB for 1.4 MHz for band 2, 3, 4, 12 and 0.5 dB for 3MHz for band 2, 3 and 12.
To scale different channel bandwidth CAT-M2 REFSENS based on 1.4MHz without considering such relaxation will make such relaxation inherited for higher channel bandwidth other than 1.4MHz and 3MHz, which is not needed from technical point of view.
In this paper, the history of the deriving REFSENS for CAT-M1 is presented and the same principle as used in Rel-12 CAT-0 and Rel-13 CAT-M1 eMTC in [3] with scaling factor is proposed and new REFSENS number is followed.
2 Discussion
2.1 IIP2 relaxation

The reason behind the relaxation is discussed in [3][6][7], this mainly due to the self-mixing and effect of the 2nd order non-linearity in FDD.
In [5], relaxation 1dB of REFSENS for the narrowband 1.4Mhz is proposed for band 2, 3, 4, 5,8, 12, 13 and 17. In [4], further relaxation of 0.5 dB on 1.4MHz is proposed 2,3, 4 and 12 and 0.5 dB is proposed on band 2, 3 and 12. 
So there is 1.5 dB relaxation for 1.4MHz for some bands and 0.5 dB relaxation for 3MHz.

2.2  CAT-M1
In [8], it is agreed to derive the R13 eMTC REFSENS according to following proposal:
Proposal 1: For bands that have been specified for Rel-12 MTC, reuse reference sensitivity requirements of Rel-12 MTC for Rel-13 MTC

Proposal 2: For bands that have not been specified for Rel-12 MTC, we take the same approach as the Rel-12, to specify reference sensitivity requirements for Rel-13 MTC

Proposal 3: The Rel-12 REFSENS numbers for Cat 0 with 1.4MHz system BW should be used as REFSENS requirements for all bandwidths in Rel-13
Proposal 4: REFSENS requirements for Rel-13 MTC UE can be applied for both normal coverage and enhanced coverage mode
Proposal 5: The approach is the same for both full duplex and half duplex mode, i.e., re-use the 1.7dB relaxation due to single RX for HD-FDD used in rel-12 for bands defined for 1.4MHz BW.

2.3  CAT-M2
The REFSENS value for Rel-14 CAT-M2 feMTC shall be based on the same principles as used in Rel-12 CAT-0 and Rel-13 CAT-M1 eMTC in [3] with scaling factor considered below. 

Proposal-1: For FDD and TDD, we take the same approach as the Rel-12, to specify reference sensitivity requirements for Rel-14 feMTC.

· Re-use the 2.5dB relaxation due to single RX for FD-FDD and TDD used in rel-12 for 1.4MHz and 3MHz BW

· Use 2.3dB (2.5dB +10 * log10(24 PRB/25 PRB) scaling) relaxation factor for 5MHz BW. 
· For 10, 15 and 20MHz BW same as 5MHz  
2.3.1 CAT-M2 REFSENS
According to above proposal, the updated REFSENS table is showed below.

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	1
	 
	 
	-100 + 2.3
	-97.7
	-97.7
	-97.7
	FDD

	2
	-100.2
	-97.2
	-95.5 -0.2
	-95.7
	-95.7
	-95.7
	FDD

	3
	-99.2
	-96.2
	-94.5-0.2
	-94.7
	-94.7
	-94.7
	FDD

	4
	-102.2
	-99.2
	-97.5-0.2
	-97.7
	-97.7
	-97.7
	FDD

	5
	-100.7
	-97.7
	-95.5-0.2
	-95.7
	 
	 
	FDD

	7
	 
	 
	-98+ 2.3
	-95.7
	-95.7
	-95.7
	FDD

	8
	-99.7
	-96.7
	-94.5-0.2
	-94.7
	 
	 
	FDD

	11
	 
	 
	-100+ 2.3
	-97.7
	 
	 
	 

	12
	-101.7 + 2.5
	-98.7+ 2.5
	-97+ 2.3
	-94.7
	 
	 
	FDD

	13
	 
	 
	-94-0.2
	-94.2
	 
	 
	FDD

	18
	 
	 
	-100+ 2.3
	-97.7
	-97.7
	 
	FDD

	19
	 
	 
	-100+ 2.3
	-97.7
	-97.7
	 
	FDD

	20
	 
	 
	-94.5-0.2
	-94.7
	-94.7
	-94.7
	FDD

	21
	 
	 
	-100+ 2.3
	-97.7
	-97.7
	 
	FDD

	25
	-98.7
	-95.7
	-94-0.2
	-94.2
	-94.2
	-94.2
	FDD

	26
	-100.2
	-97.2
	-95-0.2
	-95.2
	-95.2
	 
	FDD

	27
	-103.2+ 2.5
	-100.2+ 2.5
	-98+ 2.3
	-95.7
	 
	 
	FDD

	28
	 
	-100.2+ 2.5
	-98.5+ 2.3
	-96.2
	-96.2
	-96.2
	FDD

	31
	-99.0+ 2.5
	-95.7+ 2.5
	-93.5+ 2.3
	 
	 
	 
	FDD

	…
	 
	 
	 
	 
	 
	 
	FDD 

	39
	 
	 
	-97.5-0.2
	-97.7
	-97.7
	-97.7
	TDD

	40
	 
	 
	-100+ 2.3
	-97.7
	-97.7
	-97.7
	TDD

	41
	 
	 
	-95.5 -0.2
	-95.7
	-95.7
	-95.7
	TDD

	66
	-104.2+ 2.5
	-101.2+ 2.5
	-99.5+ 2.3
	-97.2
	-97.2
	-97.2
	FDD

	NOTE 1:    The transmitter shall be set to PUMAX as defined in subclause 6.2.5
NOTE 2:    Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
NOTE 3:    For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.
NOTE 4:    For a UE that support both Band 18 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.
NOTE 5:    The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth.


2.4 Further comparison
To check the REFSENS value difference between the above proposed value and CR [2], the table below is showed by comparing each REFSENS value.
Table 1: REFSENS difference between CR[2] and new proposed value in chapter 2.3  for FDD/TDD
	band
	1.4MHz
	3MHZ
	5MHz

	1
	 
	 
	1.5

	2
	0
	1
	1.5

	3
	0
	1
	1.5

	4
	0
	1
	1.5

	5
	0
	1
	1

	7
	 
	 
	1.5

	8
	0
	1
	1

	11
	 
	 
	1.5

	12
	0
	1
	1.5

	13
	 
	 
	1.5

	18
	 
	 
	1.5

	19
	 
	 
	1.5

	20
	 
	 
	1

	21
	 
	 
	1.5

	25
	0
	1
	1.5

	26
	0
	1
	1

	27
	0
	1
	1

	28
	 
	1
	1.5

	31
	0
	0.7
	0.7

	…
	0
	0
	0

	39
	 
	 
	0

	40
	 
	 
	0

	41
	 
	 
	0


Observation-1: for 5Mhz the REFSENS for some bands in CR[2] is relaxed with 1 - 1.5 dB which inherited from 1.4 MHz originally for IIP2. 

Observation-2: for 3Mhz the REFSENS for some bands in CR[2] is relaxed with 1 dB which inherited from 1.4 MHz originally for IIP2. 

Propsal-2: for 5Mhz the REFSENS for CAT-M2 for FDD/TDD for some bands shall be tightened with1 - 1.5 dB according to Proposal-1. 
3 Propsal-3: for 3Mhz the REFSENS for CAT-M2 for FDD/TDD shall be tightened with 1 dB according to Proposal-1. Conclusions

Proposal-1: For FDD and TDD, we take the same approach as the Rel-12, to specify reference sensitivity requirements for Rel-14 feMTC.

· Re-use the 2.5dB relaxation due to single RX for FD-FDD and TDD used in rel-12 for 1.4MHz and 3MHz BW

· Use 2.3dB (2.5dB +10 * log10(24 PRB/25 PRB)scaling) relaxation factor for 5MHz BW. 
· For 10, 15 and 20MHz BW same as 5MHz  
Observation-1: for 5Mhz the REFSENS for some bands in CR[2] is relaxed with 1 - 1.5 dB which inherited from 1.4 MHz originally for IIP2. 

Observation-2: for 3Mhz the REFSENS for some bands in CR[2] is relaxed with 1 dB which inherited from 1.4 MHz originally for IIP2.
Propsal-2: for 5Mhz the REFSENS for CAT-M2 for FDD/TDD for some bands shall be tightened with 1 - 1.5 dB according to Proposal-1. 

Propsal-3: for 3Mhz the REFSENS s for CAT-M2 for FDD/TDD for some bands shall be tightened with 1 dB according to Proposal-1.
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