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1 Introduction
Reference sensitivity calculations have been discussed in [1], [2] [4] and a way forward in [3] which resulted out of the discussions.
In previous contributions references sensitivity has been discussed with no success. In order to finalize the work, a WF has been proposed in [5] that proposes implementation margin of 2dB instead of 2.5dB considered for MTC, separate requirements for half duplex and half duplex requirements being about 2 to 3dB better than full duplex implementation, with [3]dB being proposed.

2 Discussion
Single RX

Sensitivity power  
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where 

-174dBm is the noise floor at room temperature,
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 is the operating bandwidth in Hz, 
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 is the Tx/Rx noise figure in dB,
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 is implementation margin in dB, 
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R

 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.. 
During the LTE Rel-8 specification process, several factors were considered for REFSENS specification: 

i) band dependent relaxation due to FDD duplexer; 
ii) relaxation due to IP2 for narrow band (1.4MHz); and

iii) Rx front-end nonlinearity

The band-dependent relaxation factor Rb , as discussed in the last meeting, shall take a value from 0dB to 3dB, depending on the ratio of duplexer distance to band gap.  Following the similar approach in Rel-8, the relaxation
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 can be determined in Table 1.

Table 4.3.1-1: Band-dependent relaxation Rb
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distance/Band gapRb (dB)

<=1.5 0

<=2 1

<=4 2

>4 3


For 1.4MHz, the Rel-8 specification introduces a further 1dB relaxation due IP2.  Besides, Rx front-end nonlinearity for 1.4Mhz is also taken into account for REFSENS.  The Rx front-end relaxation is 0.5dB for Band 3, while there will not be further relaxation for Band 8.

The above aspects were considered for Rel-8 devices without assuming single Rx nor half duplex operation.
For sensitivity performance for single RX and full duplex operation, IM is considered 2dB instead of 2.5dB. As a result 2.5dB relaxation is expected across all bands in order to simplify specification work and avoid per band SNR simulations.

As a result, reference sensitivity for single-RX MTC LTE device is calculated as follows:

Table 4.3.1-2: Reference Sensitivity calculations for Single RX
	single RX
	 
	low cost FDD UE (BW 1.4MHz)

	 
	 
	Band 3
	Band 8
	

	Noise floor
	dBm
	-174
	-174
	

	Number of PRB
	 
	6
	6
	

	Effective PRB bandwidth
	MHz
	1.08
	1.08
	

	Noise figure
	dB
	9
	9
	

	Implementation margin
	dB
	2.5
	2.5
	

	Band dependent relaxation: Rb
	dB
	3
	3
	

	SNR (2Rx)
	dB
	-4
	-4
	

	Relaxation due to IP2
	dB
	1
	1
	

	Rx front-end nonlinearity
	dB
	0,5
	0
	

	Rel-8 REFSENS (2Rx)
	dBm
	-101.7
	-102.2
	

	Implementation margin
	 
	2
	2
	

	SNR (1Rx)
	dB
	-1
	-1
	

	REFSENS (1Rx)
	dBm
	-99.2
	-99.7
	


Specifications changes for 36.101 are:

Table 4.3.1-3: Modified for Single Rx - Table 7.3.1-1: Reference sensitivity 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

	3
	-99.2
	-96.2
	-94.5
	-91.5
	-89.7
	-88.5
	FDD

	8
	-99.7
	-96.7
	-94.5
	-91.5
	
	
	FDD

	20
	
	
	-94.5
	-91.5
	-88.7
	-87.5
	FDD


For half duplex:

For Single RX and half duplex devices, the reference sensitivity values are taken from single Rx reference sensitivity considering that band dependent factor is assumed to be:

Band 20: duplex distance/band gap= 41MHz/11MHz=3.7
(Rb=2

Band 8: duplex distance/band gap= 45MHz/10MHz=4.5
(Rb=3

Band 3: duplex distance/band gap= 95MHz/20MHz=4.75
(Rb=3

Band 7: duplex distance/band gap= 120MHz/50MHz=2.4
(Rb=2

Band 1: duplex distance/band gap= 190MHz/130MHz=1.4
(Rb=0

Band 28: duplex distance/band gap= 55MHz/10MHz=5.5 
(Rb=? Band 28 WI concluded non realizable

Band 28 dual duplex: duplex dist/gap= 55MHz/25MHz=2.2
(Rb=2
Additionally, by looking at some examples we can see how Rb has been taken into account when deriving refsens
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So for half duplex, ref sensitivity improvement is band dependent. For easy FDD bands (low Rb) the implementation of half duplex will not bring much gain since the UL leakage is already small and filtering of UL is easy, so insertion losses are small. This is the case of Band 1 for example. For difficult bands, like Band 3 and Band 8, FDD duplexer is complicated, and the use of no duplexer, and instead a simple filtering, with low insertion losses, will imply a much greater net improvement, accounted for Rb, i.e. 3dB. For Band 20, Rb=2, thus 2dB improvement.

Specifications changes for 36.101 are:

Table 4.3.1-3: Modified for Single Rx and HD-FDD - Table 7.3.1-1: Reference sensitivity 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

	3
	-102.2
	-99.2
	-97.5
	-94.5
	-92.7
	-91.5
	HD-FDD

	8
	-102.7
	-99.7
	-97.5
	-94.5
	
	
	HD-FDD

	20
	
	
	-96.5
	-93.5
	-90.7
	-89.5
	HD-FDD


3 Conclusions
It is proposed that reference sensitivity is specified as follows
Modified for single Rx - Table 7.3.1-1: Reference sensitivity 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

	3
	-99.2
	-96.2
	-94.5
	-91.5
	-89.7
	-88.5
	FDD

	8
	-99.7
	-96.7
	-94.5
	-91.5
	
	
	FDD

	20
	
	
	-94.5
	-91.5
	-88.7
	-87.5
	FDD


Modified for Single Rx and Half duplex- Table 7.3.1-1: Reference sensitivity 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

	3
	-102.2
	-99.2
	-97.5
	-94.5
	-92.7
	-91.5
	HD-FDD

	8
	-102.7
	-99.7
	-97.5
	-94.5
	
	
	HD-FDD

	20
	
	
	-96.5
	-93.5
	-90.7
	-89.5
	HD-FDD


A text proposal is also provided in section 5.
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5 Text proposal to Low Cost MTC TR
------- Start of TP -----
4.3
UE single receive antenna support
4.3.1

Reference sensitivity
Sensitivity power  
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,
where 

-174dBm is the noise floor at room temperature,
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 is the operating bandwidth in Hz, 
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N

 is the Tx/Rx noise figure in dB,
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I

 is implementation margin in dB, 
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R

 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.. 
During the LTE Rel-8 specification process, several factors were considered for REFSENS specification: 

iv) band dependent relaxation due to FDD duplexer; 
v) relaxation due to IP2 for narrow band (1.4MHz); and

vi) Rx front-end nonlinearity

The band-dependent relaxation factor Rb , as discussed in the last meeting, shall take a value from 0dB to 3dB, depending on the ratio of duplexer distance to band gap.  Following the similar approach in Rel-8, the relaxation
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 can be determined in Table 1.

Table 4.3.1-1: Band-dependent relaxation Rb
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For 1.4MHz, the Rel-8 specification introduces a further 1dB relaxation due IP2.  Besides, Rx front-end nonlinearity for 1.4Mhz is also taken into account for REFSENS.  The Rx front-end relaxation is 0.5dB for Band 3, while there will not be further relaxation for Band 8.
The above aspects were considered for Rel-8 devices without assuming single Rx nor half duplex operation.
For sensitivity performance for single RX and full duplex operation, IM is considered 2dB instead of 2.5dB. As a result 2.5dB relaxation is expected across all bands in order to simplify specification work and avoid per band SNR simulations.

As a result, reference sensitivity for single-RX MTC LTE device is calculated as follows:

Table 4.3.1-2: Reference Sensitivity calculations for Single RX
	single RX
	 
	low cost FDD UE (BW 1,4MHz)

	 
	 
	Band 3
	Band 8
	

	Noise floor
	dBm
	-174
	-174
	

	Number of PRB
	 
	6
	6
	

	Effective PRB bandwidth
	MHz
	1.08
	1.08
	

	Noise figure
	dB
	9
	9
	

	Implementation margin
	dB
	2.5
	2.5
	

	Band dependent relaxation: Rb
	dB
	3
	3
	

	SNR (2Rx)
	dB
	-4
	-4
	

	Relaxation due to IP2
	dB
	1
	1
	

	Rx front-end nonlinearity
	dB
	0,5
	0
	

	Rel-8 REFSENS (2Rx)
	dBm
	-101.7
	-102.2
	

	Implementation margin
	 
	2
	2
	

	SNR (1Rx)
	dB
	-1
	-1
	

	REFSENS (1Rx)
	dBm
	-99.2
	-99.7
	


Specifications changes for 36.101 are:

Table 4.3.1-3: Modified for Single Rx - Table 7.3.1-1: Reference sensitivity 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

	3
	-99.2
	-96.2
	-94.5
	-91.5
	-89.7
	-88.5
	FDD

	8
	-99.7
	-96.7
	-94.5
	-91.5
	
	
	FDD

	20
	
	
	-94.5
	-91.5
	-88.7
	-87.5
	FDD


4.4
Half Duplex FDD operation
4.4.1

Reference sensitivity
Specifications changes for 36.101 are:

Table 4.4.1-2: Modified for HD - Table 7.3.1-1: Reference sensitivity 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

	3
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	FDD

	8
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	
	
	FDD

	20
	
	
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	FDD


4.5
Single RX and Half Duplex FDD operation

4.5.1

Reference sensitivity
For Single RX and half duplex devices, the reference sensitivity values are taken from single Rx reference sensitivity considering that band dependent factor is assumed to be:
Band 20: duplex distance/band gap= 41MHz/11MHz=3.7
(Rb=2

Band 8: duplex distance/band gap= 45MHz/10MHz=4.5
(Rb=3

Band 3: duplex distance/band gap= 95MHz/20MHz=4.75
(Rb=3

Band 7: duplex distance/band gap= 120MHz/50MHz=2.4
(Rb=2

Band 1: duplex distance/band gap= 190MHz/130MHz=1.4
(Rb=0

Band 28: duplex distance/band gap= 55MHz/10MHz=5.5 
(Rb=? Band 28 WI concluded non realizable

Band 28 dual duplex: duplex dist/gap= 55MHz/25MHz=2.2
(Rb=2
Additionally, by looking at some examples we can see how Rb has been taken into account when deriving refsens
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So for half duplex, ref sensitivity improvement is band dependent. For easy FDD bands (low Rb) the implementation of half duplex will not bring much gain since the UL leakage is already small and filtering of UL is easy, so insertion losses are small. This is the case of Band 1 for example. For difficult bands, like Band 3 and Band 8, FDD duplexer is complicated, and the use of no duplexer, and instead a simple filtering, with low insertion losses, will imply a much greater net improvement, accounted for Rb, i.e. 3dB. For Band 20, Rb=2, thus 2dB improvement.

Specifications changes for 36.101 are:

Table 4.3.1-3: Modified for Single Rx and HD-FDD - Table 7.3.1-1: Reference sensitivity 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

	3
	-102.2
	-99.2
	-97.5
	-94.5
	-92.7
	-91.5
	HD-FDD

	8
	-102.7
	-99.7
	-97.5
	-94.5
	
	
	HD-FDD

	20
	
	
	-96.5
	-93.5
	-90.7
	-89.5
	HD-FDD
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