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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] the eMTC shall be defined for the following bands: 1, 2, 3, 4, 5, 7, 8, 12, 13, 18, 19, 20, 21, 26, 27, 28, 31, 39, 41 for normal operation and bands 1, 2, 3, 4, 5, 7, 8, 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

As discussed in previous contributions [3], the sensitivity power   can be calculated as

	
where 
-174dBm is the noise floor at room temperature,

 is the operating bandwidth in Hz, 

 is the Tx/Rx noise figure in dB,

 is implementation margin in dB, 

 is band-dependent relaxation due to the ratio between duplexer distance and band gap in dB, 
and SNR is the operating SNR in dB to meet the 95% of maximum throughput under reference measurement channel (RMC), as specified in 36.101, where 2Rx diversity is used.
For rel-12 MTC cat 0 the implementation margin (IM) when going from 2RX to single RX was debated. Less of controversy was the increased SNR of 3dB for single RX. In the end 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 we propose 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.
Proposal 1	The REFSENS value for rel-13 eMTC shall be based on an RX bandwidth corresponding to 6RB for all applicable system bandwidth.
Relaxation due to IP2 performance
As mentioned earlier it is stated in WI [1] that the UE only needs to support an RF bandwidth of 1.4MHz, regardless of the system BW. The sensitivity is related to the RF BW rather than the system BW. Moreover, due to the IP2 of the receiver, the TX noise, i.e. the noise introduced by the own transmitter, will also degrade the sensitivity. The theory is described in [6] and it is concluded that there will be significant sensitivity degradation only for narrow band transmission such as 6 and 14 RB corresponding to the 1.4MHz and 3MHz TX bandwidths. The REFSENS is compensated by the IP2 relaxation factor which varies between 0.7dB and 1.5dB for FDD bands depending on band. Basically 1 dB is used for bands below 1GHz except for B31 where 0.7dB is used and B12 where 1.5dB is used. For bands above 1GHz an IP2 relaxation factor of 1.5dB is used. Since there is no simultaneously transmission in TDD the IP2 relaxation factor does not apply. 
In rel-13 eMTC a transmission of maximum 6RB apply for all system bandwidths (aka channel bandwidth) and therefore the IP2 relaxation factor related to 6RB transmission (i.e. 1.4MHz system BW) apply to all system bandwidths.  We propose to re-use the IP2 relaxation factor of 1dB for bands below 1GHz (exception for 450MHz band where 0.7dB is used and for B12, 13 and 28 where 1.5dB is proposed). For bands above 1GHz an IP2 relaxation factor of 1.5dB is proposed. 
Proposal 2	For FDD duplex mode an IP2 relaxation factor of 1dB for bands below 1GHz (exception: 0.7dB for B31 and 1.5dB for B12, 13, 28) shall apply for all applicable system BWs.  For bands above 1GHz 1.5dB shall apply for all applicable system BWs.

Proposed REFSENS for eMTC FDD and TDD
Since the principle of 2.5dB relaxation for FDD and TDD is well established we propose to use this principle for rel-13 eMTC.
Proposal 3	Re-use 2.5dB REFSENS relaxation for FDD and TDD, due to single RX, for rel-13 eMTC.
To summarize the proposed REFSENS table 7.3.1X-1A for FDD and TDD eMTC UE category [M] QPSK is shown below. Reference measurement channel for receiver characteristics need to be updated for 6RB for all applicable system bandwidths.
Table 7.3.1x-1A:  Reference sensitivity for FDD and TDD eMTC UE category [M] 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

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

	13
	
	
	[-99.2]
	[-99.2]
	
	
	FDD

	18
	
	
	[-102.7]3
	[-102.7]3
	[-102.7]3
	
	FDD

	19
	
	
	[-102.7]
	[-102.7]
	[-102.7]
	
	FDD

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

	21
	
	
	[-102.2]
	[-102.2]
	[-102.2]
	
	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 x.x.x
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 a UE that support both Band 18/19 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.




Proposed REFSENS for eMTC HD-FDD

For HD-FDD a relaxation of 1.7dB was used in rel-12 cat 0 MTC. The 1.7dB accounted for the single RX chain as well as the omitted IP2 relaxation factor. Since the IP2 relaxation is band dependant and we now are adding more bands it is proposed to calculate the REFSENS value. A pragmatic approach is to base the eMTC REFSENS value on the legacy (cat ≥ 1) REFSENS value for 5MHz channel bandwidth (because here is no IP2 relaxation), reduce for the narrower RX BW (10log10(6RB/25RB) and add a 3dB relaxation due to single RX. 

Proposal 4	Rel-13 eMTC REFSENS for HD-FDD shall be based on an RF bandwidth applicable to 6 RB, 3dB relaxation due to single RX and no IP2 relaxation factor, for all applicable system bandwidths.

Table 7.3.1x-1B will then be (note that reference measurement channel for receiver characteristics need to be updated for 6RB for all applicable system bandwidths):



Table 7.3.1x-1B:  Reference sensitivity for HD-FDD eMTC UE category [M] 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
	
	
	[-103.2]
	[-103.2]
	[-103.2]
	[-103.2]
	HD-FDD

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

	3
	[-100,2]
	[-100,2]
	[-100,2]
	[-100,2]
	[-100,2]
	[-100,2]
	HD-FDD

	4
	[-103,2]
	[-103,2]
	[-103,2]
	[-103,2]
	[-103,2]
	[-103,2]
	HD-FDD

	5
	[-101.2]
	[-101.2]
	[-101.2]
	[-101.2]
	
	
	HD-FDD

	7
	
	
	[-101.2]
	[-101.2]
	[-101.2]
	[-101.2]
	HD-FDD

	8
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	
	
	HD-FDD

	12
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	
	
	HD-FDD

	13
	
	
	[-100.2]
	[-100.2]
	
	
	HD-FDD

	18
	
	
	[-103.2]3
	[-103.2]3
	[-103.2]3
	
	HD-FDD

	19
	
	
	[-103.2]3
	[-103.2]3
	[-103.2]3
	
	HD-FDD

	20
	
	
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	HD-FDD

	21
	
	
	[-103,2]
	[-103,2]
	[-103,2]
	
	HD-FDD

	26
	[-100.7]
	[-100.7]
	[-100.7]
	[-100.7]
	[-100.7]
	
	HD-FDD

	27
	[-101.2]
	[-101.2]
	[-101.2]
	[-101.2]
	
	
	HD-FDD

	28
	
	[-101.7]
	[-101.7]
	[-101.7]
	[-101.7]
	[-101.7]
	HD-FDD

	31
	[-96.7]
	[-96.7]
	[-96.7]
	
	
	
	HD-FDD

	NOTE 1:	The transmitter shall be set to PUMAX as defined in subclause x.x.x
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 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 as a way forward we propose the following:

Proposal 1	The REFSENS value for rel-13 eMTC shall be based on an RX bandwidth corresponding to 6RB for all applicable system bandwidth.
Proposal 2	For FDD duplex mode an IP2 relaxation factor of 1dB for bands below 1GHz (exception: 0.7dB for B31 and 1.5dB for B12, 13, 28) shall apply for all applicable system BWs.  For bands above 1GHz 1.5dB shall apply for all applicable system BWs.
Proposal 3	Re-use 2.5dB REFSENS relaxation for FDD and TDD, due to single RX, for rel-13 eMTC.
Proposal 4	Rel-13 eMTC REFSENS for HD-FDD shall be based on an RF bandwidth applicable to 6 RB, 3dB relaxation due to single RX and no IP2 relaxation factor, for all applicable system bandwidths.
Values for rel-13 eMTC REFSENS according to above way forward are proposed.
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