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1
Introduction
Since the RAN4 #70 meeting in Feb 2014, the REFSENS requirements for low-cost MTC UE (WID in [1]) have been actively discussed in 5 meetings with many contributions as [2]~[15] from companies.  Although there are some progress with agreed TP, the core requirements on specific REFSENS values have not yet reached agreement.
In order to close the core requirements for Rel-12 low-cost MTC, the REFSENS specification is needed for this meeting RAN4 #73.  In order to facilitate fruitful discussion during the meeting, this contribution provides a summary on the two competitive views on the REFSENS specification.  Besides, our preference is also provided in the paper.

2
Summary of competitive views on REFSENS
The two major views on low-cost MTC REFSENS in RAN4 are summarized in Table 1.
Table 1    Comparison of Two views on REFSENS

	LC-MTC REFSENS
	Companies (vendors)
	Companies (operators)

	Full duplex
	Overall relaxation to Rel-8
	3dB
	2dB

	
	MTC UE IM
	2.5dB
	2.0dB

	
	"technology improvements"
	0dB
	0.5dB

	Half duplex
	Specific REFSENS for HD-FDD
	No
	Yes

	
	Improvement over full-duplex
	n/a
	3dB


The views from vendors are captured based on these contributions [13][14][15] of last meeting.  The views from operators are captured based on [12].

2.1
Full duplex MTC UE

It can be shown that there is only 1dB difference between the two views on REFSENS.  The REFSENS of Rel-12 low-cost MTC will be relaxed from LTE Rel-8’s REFSENS requirements by either 3dB or 2dB.  The 2dB relaxation, proposed by [12], is the combination of 0.5dB difference in UE implementation margin (2.0dB vs LTE IM 2.5dB), and an extra 0.5dB, “to reflect technology improvements” [12].  Apparently, there are different views on 
· LC-MTC UE implementation margin: 2.5dB or 2.0dB?

· The extra 0.5dB margin proposed in [12] “to reflect technology improvements.” 
· In our view potential technology improvements on REFSENS are not LC-MTC UE specific and such proposals should be proposed and discussed in more general manner in RAN4. If there is interest and need to improve UE REFSENS, wider studies on such general improvements should be done in RAN4 for all UE types and categories and not only specific for LC-MTC UE, which is intended to be cost and complexity optimized rather than performance optimized like most of the other UE types and categories. Thus, we see that generic technology improvements for UE REFSENS should not be considered under this work item and instead generic performance improvements studies are considered in RAN4, e.g. in Rel-13. 

2.2
Half duplex FDD MTC UE
On half duplex FDD MTC, there are two opinions on whether the REFSENS should be split into full-duplex and half-duplex.  Based on [12], it is proposed to have a separate half-duplex FDD REFSENS requirements, and the REFSENS of HD-FDD will be 3dB better than that of full-duplex FDD UE.  Alternatively, it is proposed not to separate REFSENS requirements for full duplex and half duplex FDD UE [13][14][15], because implementation margin is still needed for UL/DL switch for half-duplex MTC UE even though there is no UL/DL duplexer. 
Besides, a half duplex FDD operation with 2Rx is proposed to include REFSENS requirements in [12], although it is not quite clear whether this is related to Rel-12 low-cost MTC UE.
3
Discussions

Based on the discussion and our previous contribution [13], our proposals are listed here.

Proposal 1:
The implementation margin of Rel-12 low-cost MTC UE shall reuse LTE UE’s IM, as 2.5dB. 
Proposal 2:
There is no need to include “technology improvements” for the REFSENS requirements of Rel-12 low-cost MTC UE.

Proposal 3:
A single set of FDD REFSENS requirements shall be specified to include both full duplex and half duplex operations.
With these proposals, similar to the proposal in [13], we can propose the new REFSENS values for low-cost MTC UE for Band 3, 8, 20, 40, 41.  The proposed REFSENS for Category 0 UE (low cost MTC UE) is listed here as a candidate update to Table 7.3.1-1 of TS 36.101:

Table 2    Reference sensitivity QPSK PREFSENS for Category-0 UE
	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

	3
	-98.7
	-95.7
	-94
	-91
	-89.2
	-88
	FD-FDD, HD-FDD

	8
	-99.2
	-96.2
	-94
	-91
	 
	 
	FD-FDD, HD-FDD

	20
	 
	 
	-94
	-91
	-88.2
	-87
	FD-FDD, HD-FDD

	40
	 
	 
	-97
	-94
	-92.2
	-91
	TDD

	41
	 
	 
	-95
	-92
	-90.2
	-89
	TDD

	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:
The signal power is specified per port

NOTE 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

NOTE 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.

NOTE 6:
6 indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 7:
For a UE that support both Band 18 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.
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