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The WI “Further LTE Physical Layer Enhancements for MTC” was decided in RANP-65, September 2014.  The WI description [1] was updated at RANP-67 and is referenced to below:
The general objective is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption, with the following detailed objectives:
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Bandwidth reduced UEs should be able to operate within any system bandwidth. The work should target high commonality between different system bandwidths.
· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 
· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.
· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.
It is understood that the legacy system bandwidths shall be re-used. However, it is also stated that the UE only needs to support an RF bandwidth of 1.4MHz, which is a clear difference to rel-12 MTC (cat 0) where the RF BW need to be equal to the system BW.
So far it is decided [2] [3] the eMTC shall be defined for the following bands: 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 18, 19, 20, 21, 26, 27, 28, 31, 39, 41 for normal operation and bands 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 18, 19, 20, 21, 26, 27, 28, 31 for half duplex FDD.
In this contribution we will discuss REFSENS for rel-13 eMTC for the defined bands for normal coverage mode. A pragmatic approach to obtain values for REFSENS for rel-13 eMTC is proposed.
Discussion
For rel-12 MTC cat 0 there was a consensus of 2.5dB total relaxation for FDD and TDD for single RX with exception for Band 20 for 15, 20MHz BW [4]. For HD-FDD a relaxation of 1.7dB was concluded for single RX. The same principle was used when more bands were added to cat 0 with an exception for band 13, where a relaxation of 3dB for FDD was used [5].
In order not to get stuck in lengthy discussions it has been proposed in several contributions to re-use the same REFSENS relaxation principle for rel-13 eMTC FDD and TDD due to single RX,  as used in rel-12 cat 0 MTC. 

RX Bandwidth and System Bandwidth
Since the noise level depends on the RX bandwidth and the UE only needs to support 1.4MHz RF bandwidth the same REFSENS will apply for all system bandwidths. This REFSENS value shall be based on an RX  BW corresponding to 6 RB for all applicable system bandwidths.
Observation 1	The REFSENS value for rel-13 eMTC shall be based on an RX bandwidth corresponding to 6RB for all applicable system bandwidth.
REFSENS for Full Duplex FDD and TDD
To obtain a eMTC REFSENS value for bands where 1.4MHz BW is defined the cat≥1 REFSENS value for 1.4MHz is relaxed by 2.5dB (to account for the single receiver) and then used for all applicable system BWs.
Observation 2	A REFSENS relaxation of 2.5dB for FDD, due to single RX, can be re-used for rel-13 eMTC for bands where 1.4 MHz system BW is defined
For bands where 1.4MHz BW is not defined the eMTC value can be calculated from the 5 MHz REFSENS value according to Equation 1
[bookmark: _Ref434854895]Equation 1

Where 6RB respectively 25RB comes from TS 36.101 Table A.2.2.1.1-1 Reference Channels for QPSK with full RB allocation, R1RX is the relaxation due to single RX as agreed in [4] and CFIP2 is a correction factor due to transmitter noise as described in [6], [7], [8]. This transmitter noise only applies to 1.4 MHz and 3MHz BWs. From [8] it can be seen that CFIP2 is 1dB for bands below 1GHz and 1.5dB for bands above 1GHz.
Observation 3	For FDD bands not defined for 1.4MHz BW the eMTC REFSENS value can be calculated from the cat≥1 REFSENS value for 5MHz, the narrower BW, relaxation for single RX and a correction factor due to transmitter noise.
Equation 1 can also be used for eMTC TDD bands. Since the transmitter is not simultaneously to the receiver the correction factor due to TX noise is 0dB.
Observation 4	For TDD bands not defined for 1.4MHz BW the eMTC REFSENS value can be calculated from the cat≥1 REFSENS value for 5MHz, the narrower BW and a relaxation for single RX.
From the above the following table for eMTC REFSENS for FDD and TDD can be calculated:
Table 7.3.1F-1A:  Reference sensitivity for FDD and TDD UE category [M1] QPSK PREFSENS 
	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
	
	
	[-102.2]
	[-102.2]
	[-102.2]
	[-102.2]
	FDD

	2
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	FDD

	3
	[-99.2]
	[-99.2]
	[-99.2]
	[-99.2]
	[-99.2]
	[-99.2]
	FDD

	4
	[-102.2]
	[-102.2]
	[-102.2]
	[-102.2]
	[-102.2]
	[-102.2]
	FDD

	5
	[-100.7]
	[-100.7]
	[-100.7]
	[-100.7]
	
	
	FDD

	7
	
	
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	FDD

	8
	[-99.7]
	[-99.7]
	[-99.7]
	[-99.7]
	
	
	FDD

	11
	
	
	[-102.23]
	[-102.23]
	
	
	FDD

	12
	[-99.2]
	[-99.2]
	[-99.2]
	[-99.2]
	
	
	FDD

	13
	
	
	[-99.2]
	[-99.2]
	
	
	FDD

	18
	
	
	[-102.74]
	[-102.74]
	[-102.74]
	
	FDD

	19
	
	
	[-102.74]
	[-102.74]
	[-102.74]
	
	FDD

	20
	
	
	[-99.7]
	[-99.7]
	[-99.7]
	[-99.7]
	FDD

	21
	
	
	[-102.23]
	[-102.23]
	[-102.23]
	
	FDD

	26
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	
	FDD

	27
	[-100.7]
	[-100.7]
	[-100.7]
	[-100.7]
	
	
	FDD

	28
	
	[-100.7]
	[-100.7]
	[-100.7]
	[-100.7]
	[-100.7]
	FDD

	31
	[-96.5]
	[-96.5]
	[-96.5]
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	39
	
	
	[-103.7]
	[-103.7]
	[-103.7]
	[-103.7]
	TDD

	41
	
	
	[-101.7]
	[-101.7]
	[-101.7]
	[-101.7]
	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:	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 18/19 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.



REFSENS for HD-FDD 

For HD-FDD a relaxation of 1.7dB was used in rel-12 cat 0 MTC 4. This value can be re-used in rel-13 eMTC for bands where 1.4MHz BW is defined.

Observation 5	A REFSENS relaxation of 1.7dB for HD-FDD, due to single RX, can be re-used for rel-13 eMTC for bands where 1.4 MHz system BW is defined.

For bands not defined for 1.4MHz BW the rel-13 eMTC REFSENS again has to be calculated.  The 1.7dB relaxation, agreed for rel-12 cat o MTC, accounted for the single RX chain as well as the omitted correction factor due to transmitter noise. From [8] it was seen that the correction factor was is 1dB for bands below 1GHz and 1.5dB for bands above 1GHz. A pragmatic approach is to use the more aggressive value of 1dB (tighter requirement) for all bands which will lead to the following pragmatic way forward: Base the eMTC REFSENS value on the legacy (cat ≥ 1) REFSENS value for 5MHz channel bandwidth, correct for the narrower RX BW (10log10(6RB/25RB) and add a 2.7dB relaxation due to single RX. 

Observation 6	For HD-FDD bands not defined for 1.4MHz BW the eMTC REFSENS value can be calculated from the cat≥1 REFSENS value for 5MHz, the narrower BW and a relaxation of 2.7dB for single RX. 
From the above the following table for eMTC REFSENS for HD-TDD can be calculated:
Table 7.3.1F-1B:  Reference sensitivity for HD-FDD UE category [M1] QPSK PREFSENS 
	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
	
	
	[-103.5]
	[-103.5]
	[-103.5]
	[-103.5]
	HD-FDD

	2
	[-101]
	[-101]
	[-101]
	[-101]
	[-101]
	[-101]
	HD-FDD

	3
	[-100]
	[-100]
	[-100]
	[-100]
	[-100]
	[-100]
	HD-FDD

	4
	[-103]
	[-103]
	[-103]
	[-103]
	[-103]
	[-103]
	HD-FDD

	5
	[-101.5]
	[-101.5]
	[-101.5]
	[-101.5]
	
	
	HD-FDD

	7
	
	
	[-101.5]
	[-101.5]
	[-101.5]
	[-101.5]
	HD-FDD

	8
	[-100.5]
	[-100.5]
	[-100.5]
	[-100.5]
	
	
	HD-FDD

	11
	
	
	[-103.53]
	[-103.53]
	
	
	HD-FDD

	12
	[-100]
	[-100]
	[-100]
	[-100]
	
	
	HD-FDD

	13
	
	
	[-100.5]
	[-100.5]
	
	
	HD-FDD

	18
	
	
	[-103.54]
	[-103.54]
	[-103.54]
	
	HD-FDD

	19
	
	
	[-103.54]
	[-103.54]
	[-103.54]
	
	HD-FDD

	20
	
	
	[-100.5]
	[-100.5]
	[-100.5]
	[-100.5]
	HD-FDD

	21
	
	
	[-103.53]
	[-103.53]
	[-103.53]
	
	HD-FDD

	26
	[-101]
	[-101]
	[-101]
	[-101]
	[-101]
	
	HD-FDD

	27
	[-101.5]
	[-101.5]
	[-101.5]
	[-101.5]
	
	
	HD-FDD

	28
	
	[-102]
	[-102]
	[-102]
	[-102]
	[-102]
	HD-FDD

	31
	[-97.3]
	[-97.3]
	[-97.3]
	
	
	
	HD-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 18/19 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.








Conclusion
In this contribution we have discussed REFSENS for rel-13 eMTC and made the following observations:

Observation 1	The REFSENS value for rel-13 eMTC shall be based on an RX bandwidth corresponding to 6RB for all applicable system bandwidth.
Observation 2	A REFSENS relaxation of 2.5dB for FDD, due to single RX, can be re-used for rel-13 eMTC for bands where 1.4 MHz system BW is defined
Observation 3	For FDD bands not defined for 1.4MHz BW the eMTC REFSENS value can be calculated from the cat≥1 REFSENS value for 5MHz, the narrower BW, relaxation for single RX and a correction factor due to transmitter noise.
Observation 4	For TDD bands not defined for 1.4MHz BW the eMTC REFSENS value can be calculated from the cat≥1 REFSENS value for 5MHz, the narrower BW and a relaxation for single RX.
Observation 5	A REFSENS relaxation of 1.7dB for HD-FDD, due to single RX, can be re-used for rel-13 eMTC for bands where 1.4 MHz system BW is defined.
Observation 6	For HD-FDD bands not defined for 1.4MHz BW the eMTC REFSENS value can be calculated from the cat≥1 REFSENS value for 5MHz, the narrower BW and a relaxation of 2.7dB for single RX. 
Values for rel-13 eMTC REFSENS are proposed in [9].
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