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1 Introduction
Reference sensitivity calculations have been discussed in [1] and [2] and a way forward in [3] which resulted out of the discussions.
This paper proposes based on the agreements made in the WF a reference sensitivity calculations for single RX and single RX+Half Duplex LTE low cost MTC devices.

2 Discussion
The way forward agreed is reproduced here:
1. Process to derive ref sens can be based on R4-141533
2. All factors that are accounted for into the calculation are not agreeable currently. Particularly:
a) Implementation margin [2 or 2.5] dB
b) Rel8 margin -[0-7]dB
The Following proposal is approved:
· The reference sensitivity for 1RX MTC UE can be adapted from the reference sensitivity value in Table 7.3.1-1 of TS 36.101 taking into account bullet 1 and 2 above
In this contribution the two contending factors above will be discussed and a proposal will be presented.

Implementation margin

Both single RX and Half duplex implementation of the device brings significant cost reductions due to the physical simplification of the terminal and less devices to be incorporated and integrated into the device. It is understood and agreed by some companies both operators and vendors that implementation margin should be improved as a result of the cost reduction. This way performance degradation is minimized while cost reduction is still maintained in a comparable level to a Rel8 terminal with two Rx chains and full duplex capabilities.

As a result of the above and as proposed in [2], implementation margin should be 2 dB for a device with simplified reference architecture.

Rel-8 margin

It is well known that LTE current devices outperform significantly Rel 8 ref sens requirements. This is natural due to technology evolution and already existing requirements being over conservative as it has been proved by measurements of real devices.

Defining new requirements for LTE devices considering the natural technology evolution is reasonable, and it should be done both for Rel8 and any new LTE device/category type.

It is noted that the reconsideration of current Rel-8 reference sensitivity requirements is out of the scope of this WI and so of this document. However it is undoubtedly true that for a new device some improvements based on this fact should be taken into account in a way that do not contradict with current rel8 requirements if these are not to be modified.

According to [3], margins can go up to around 7dB and according to some companies typical value is around 5dB, however this may be device dependant, and one company did not agree to 5dB typical value. Based on this it is proposed that a 2dB improvement can be considered due to ref sens improvement.

As a result, for single Rx MTC:

	based on [1]
	 
	low cost FDD UE (BW 1.4MHz)

	 
	 
	Band 3
	Band 8
	Band 20

	Noise floor
	dBm
	-174
	-174
	-174

	Number of PRB
	 
	6
	6
	6

	Effective PRB bandwidth
	MHz
	1,08
	1,08
	1,08

	Noise figure
	dB
	9
	9
	9

	Implementation margin
	dB
	2,5
	2,5
	2,5

	Band dependent relaxation: Rb
	dB
	3
	3
	3

	SNR (2Rx)
	dB
	-4
	-4
	-4

	Relaxation due to IP2
	dB
	1
	1
	1

	Rx front-end nonlinearity
	dB
	0,5
	0
	0

	Rel-8 REFSENS (2Rx)
	dBm
	-101,7
	-102,2
	-102,2

	Rel-8 margin
	 
	-2
	-2
	-2

	SNR (1Rx)
	dB
	-1
	-1
	-1

	REFSENS (1Rx)
	dBm
	-100,7
	-101,2
	-101,2


As a result, for HD MTC:
	based on [1]
	 
	low cost FDD UE (BW 1,4MHz)

	 
	 
	Band 3
	Band 8
	Band 20

	Noise floor
	dBm
	-174
	-174
	-174

	Number of PRB
	 
	6
	6
	6

	Effective PRB bandwidth
	MHz
	1,08
	1,08
	1,08

	Noise figure
	dB
	9
	9
	9

	Implementation margin
	dB
	2,5
	2,5
	2,5

	Band dependent relaxation: Rb
	dB
	3
	3
	3

	SNR (2Rx)
	dB
	-4
	-4
	-4

	Relaxation due to IP2
	dB
	1
	1
	1

	Rx front-end nonlinearity
	dB
	0,5
	0
	0

	Rel-8 REFSENS (2Rx)
	dBm
	-101,7
	-102,2
	-102,2

	Rel-8 margin
	 
	-2
	-2
	-2

	Implementation margin
	 
	2
	2
	2

	Band dependent relaxation: Rb
	dB
	0
	0
	0

	REFSENS (HD)
	dBm
	-107,2
	-107,7
	-107,7


As a result, for Single RX + HD MTC:
	based on [1]
	 
	low cost FDD UE (BW 1,4MHz)

	 
	 
	Band 3
	Band 8
	Band 20

	Noise floor
	dBm
	-174
	-174
	-174

	Number of PRB
	 
	6
	6
	6

	Effective PRB bandwidth
	MHz
	1,08
	1,08
	1,08

	Noise figure
	dB
	9
	9
	9

	Implementation margin
	dB
	2,5
	2,5
	2,5

	Band dependent relaxation: Rb
	dB
	3
	3
	3

	SNR (2Rx)
	dB
	-4
	-4
	-4

	Relaxation due to IP2
	dB
	1
	1
	1

	Rx front-end nonlinearity
	dB
	0,5
	0
	0

	Rel-8 REFSENS (2Rx)
	dBm
	-101,7
	-102,2
	-102,2

	Rel-8 margin
	 
	-2
	-2
	-2

	Implementation margin
	 
	2
	2
	2

	Band dependent relaxation: Rb
	dB
	0
	0
	0

	SNR (1Rx)
	dB
	-1
	-1
	-1

	REFSENS (1Rx+HD)
	dBm
	-104,2
	-104,7
	-104,7


3 Conclusions
It is proposed that reference sensitivity is specified as follows
	
	 
	low cost FDD UE (BW 1,4MHz)

	 
	 
	Band 3
	Band 8
	Band 20

	REFSENS (1Rx)
	dBm
	-100,7
	-101,2
	-101,2

	REFSENS (HD)
	dBm
	-107,2
	-107,7
	-107,7

	REFSENS (1Rx+HD)
	dBm
	-104,2
	-104,7
	-104,7
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UE single receive antenna support
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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 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 [5]; 
ii) relaxation due to IP2 for narrow band (1.4MHz) [6]; and

iii) Rx front-end nonlinearity [7].

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: 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, 1Rx receiver will need 3dB more SNR than a 2Rx diversity receiver in general.  Given that the current sensitivity performance of all bands is based on a 2Rx diversity UE receiver, there will be 3 dB relaxations of RENSENS from current 36.101 sensitivity specification, if 1Rx is used with the same FRC and RMC tables.  With this consideration, there is no need to simulate 1Rx sensitivity performance
Both single RX and Half duplex implementation of the device bring significant cost reductions due to the physical simplification of the terminal and less devices to be incorporated and integrated into the device. It is understood and agreed that implementation margin should be improved as a result of the terminal simplification. This way performance degradation is minimized while cost reduction is still maintained in a comparable level to a Rel8 terminal with two Rx chains and full duplex capabilities.

As a result of the above implementation margin should be 2 dB for a device with simplified reference architecture (1Rx).
Additionally, it is well known that LTE current devices outperform significantly Rel 8 ref sens requirements. This is natural due to technology evolution and already existing requirements being over conservative as it has been proved by measurements of real devices.

Defining new requirements for LTE devices considering the natural technology evolution is reasonable, and it should be done both for Rel8 and any new LTE device/category type.

It is noted that the reconsideration of current Rel-8 reference sensitivity requirements is out of the scope of this WI and so of this document. However it is undoubtedly true that for a new device some improvements based on this fact should be taken into account in a way that do not contradict with current rel8 requirements if these are not to be modified.

It is agreed that margins can go up to around 7dB and according to some companies typical value is around 5dB, however this may be device dependant, and one company did not agree to 5dB typical value. Based on this it is agreed that a 2dB improvement can be considered due to ref sens improvement compared to Rel-8.
As a result, reference sensitivity for single-RX MTC LTE device is calculated as follows:

Table 4.3-1: Reference Sensitivity calculations for Single RX
	based on [1]
	 
	low cost FDD UE (BW 1.4MHz)

	 
	 
	Band 3
	Band 8
	Band 20

	Noise floor
	dBm
	-174
	-174
	-174

	Number of PRB
	 
	6
	6
	6

	Effective PRB bandwidth
	MHz
	1,08
	1,08
	1,08

	Noise figure
	dB
	9
	9
	9

	Implementation margin
	dB
	2,5
	2,5
	2,5

	Band dependent relaxation: Rb
	dB
	3
	3
	3

	SNR (2Rx)
	dB
	-4
	-4
	-4

	Relaxation due to IP2
	dB
	1
	1
	1

	Rx front-end nonlinearity
	dB
	0,5
	0
	0

	Rel-8 REFSENS (2Rx)
	dBm
	-101,7
	-102,2
	-102,2

	Rel-8 margin
	 
	-2
	-2
	-2

	SNR (1Rx)
	dB
	-1
	-1
	-1

	REFSENS (1Rx)
	dBm
	-100,7
	-101,2
	-101,2


4.4
Half Duplex FDD operation
The new low-cost MTC UE will support half-duplex FDD (HD-FDD) operation.  A HD-FDD UE will not have simultaneous UL and DL operations, and the UE has no Tx/Rx duplexer in its RF chain.  There will be no UL interference to DL for HD-FDD UE.  Therefore, the band dependent relaxation Rb, which is the ratio between band duplexer distance and band gap, shall be 0 dB for the sensitivity performance of HD-FDD. 

For Band 3, 8, and 20, Rb = 3dB for full FDD operation.  The HD-FDD UE under the same conditions will use Rb = 0 dB, resulting in improved REFSENS performance for HD-FDD.  The calculation of HD-FDD UE of Band 3, 8 and 20 is shown for BW=1.4Mhz.
Additionally, taking into account the additional factors based on implementation margin improvement and rel-8 improvement, the reference sensitivity for low cost MTC supporting half duplex is calculated as follows:
Table 4.4-1: Reference Sensitivity calculations for HD MTC
	based on [1]
	 
	low cost FDD UE (BW 1,4MHz)

	 
	 
	Band 3
	Band 8
	Band 20

	Noise floor
	dBm
	-174
	-174
	-174

	Number of PRB
	 
	6
	6
	6

	Effective PRB bandwidth
	MHz
	1,08
	1,08
	1,08

	Noise figure
	dB
	9
	9
	9

	Implementation margin
	dB
	2,5
	2,5
	2,5

	Band dependent relaxation: Rb
	dB
	3
	3
	3

	SNR (2Rx)
	dB
	-4
	-4
	-4

	Relaxation due to IP2
	dB
	1
	1
	1

	Rx front-end nonlinearity
	dB
	0,5
	0
	0

	Rel-8 REFSENS (2Rx)
	dBm
	-101,7
	-102,2
	-102,2

	Rel-8 margin
	 
	-2
	-2
	-2

	Implementation margin
	 
	2
	2
	2

	Band dependent relaxation: Rb
	dB
	0
	0
	0

	REFSENS (HD)
	dBm
	-107,2
	-107,7
	-107,7


4.5
Single RX and Half Duplex FDD operation

For simultaneous operation of single RX and half duplex FDD mode, reference sensitivity is calculated as follows:

Table 4.5-1: Reference Sensitivity calculations for single RX+HD MTC
	based on [1]
	 
	low cost FDD UE (BW 1,4MHz)

	 
	 
	Band 3
	Band 8
	Band 20

	Noise floor
	dBm
	-174
	-174
	-174

	Number of PRB
	 
	6
	6
	6

	Effective PRB bandwidth
	MHz
	1,08
	1,08
	1,08

	Noise figure
	dB
	9
	9
	9

	Implementation margin
	dB
	2,5
	2,5
	2,5

	Band dependent relaxation: Rb
	dB
	3
	3
	3

	SNR (2Rx)
	dB
	-4
	-4
	-4

	Relaxation due to IP2
	dB
	1
	1
	1

	Rx front-end nonlinearity
	dB
	0,5
	0
	0

	Rel-8 REFSENS (2Rx)
	dBm
	-101,7
	-102,2
	-102,2

	Rel-8 margin
	 
	-2
	-2
	-2

	Implementation margin
	 
	2
	2
	2

	Band dependent relaxation: Rb
	dB
	0
	0
	0

	SNR (1Rx)
	dB
	-1
	-1
	-1

	REFSENS (1Rx+HD)
	dBm
	-104,2
	-104,7
	-104,7
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