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Abstract
This document looks how RFSENS is determined and proposes a value for B70.	
1		Background 
The UE reference sensitivity is the minimum mean power applied to both antenna ports at which there is sufficient SNR for the specified modulation scheme to meet the minimum throughput requirements of 95% of the maximum possible throughput. It is measured with the transmitter at full power.  This can be derived as follows;

REFSENS [dBm] = 	kTB + NF + SNR + IM – 3 

Where 
· kTB is the thermal noise introduced above in units of dBm in the specified bandwidth B
· NF is the maximum noise figure of the receiver at the antenna port. This is a measure of the degradation of SNR caused by components in the RF Rx chain. This is mainly determined by the front end noise figure; which includes antenna filter losses, the noise introduced by the RFIC and other noise sources.
·  SNR is signal to interference plus noise requirements for the chosen modulation and coding scheme which is assumed to be  –1dB for QPSK rate 1/3
· IM is the implementation margin allowed 
· -3 dB represent the Rx diversity gain 

Table 1.1: REFSENS calculations
	System
	Modulation
Test case
	Ch. BW
(MHz)
	KTB
(dBm)
	NF
(dB)
	SNR
(dB)
	IM
(dB)
	REFSENS
(dBm)

	UE 
(B4)
	QPSK rate 1/3
	5
	-107.5
	9
	-1.0
	2.5
	-100.0

	
	QPSK  rate 1/3
	20
	-101.4
	9
	-1.0
	2.5
	-94.0



Therefore the RFSENS for a B70 device compared to a B4 device would mainly be due to delta difference between the B70 and B4 duplexer or antenna filter losses 


2		 B70 and B4 filter insertion loss
Filter data for the Band [70] (1695-1710 MHz UL/1195-2020 MHz DL) is shown in Table 8.1-1. The data provided is all under extreme temperature condition (ETC). Note we have provided additional data for vendor C
Table 8.1-1: Simulated filter data for AWS extension band
	
	TX IL Max
(dB)
	RX IL Max
(dB)
	TX Isolation Min
(dB)
	RX Isolation Min
(dB)

	Vendor A
	1.3
	1.3
	60
	60

	Vendor B
	2.0
	2.8
	55
	55

	Vendor C
	1.8
	2.0
	55
	50

	Vendor D
	
	
	
	

	Average
	1.7
	2.1
	56
	55



First, as reference, data for Band 4 duplexer performance is provided. This data is reproduced from Table 8.1-4 of [3GPP TR 36.849].
Table 8.1-2: Band 4 filter performance reference
	Tx IL
	Rx IL
	Tx Isolation
	Rx Isolation
	Source

	1.7
	2,2
	54
	50
	Vendor A, Table 8.1-4 of [3GPP TR 36.849]

	1.8
	2,2
	55
	50
	Vendor B, Table 8.1-4 of [3GPP TR 36.849]

	2.0
	2,5
	55
	47
	Vendor C, Table 8.1-4 of [3GPP TR 36.849]

	1.8
	1,8
	60
	60
	Vendor D, Table 8.1-4 of [3GPP TR 36.849]

	1.8
	2,2
	56
	52
	Average



3		RFSENS FOR B70 
Filter data (worst case) are provided by three different filter vendors.  In this case the average delta in Rx filter loss would -0.1dB to compared with the average value for B4 (2.1 dB/Table 8.1-2) Therefore using the same methodology to determine RFSENS as B4, the RFSENS for B70 would be -0.1 dB relative to B4 . We therefore propose the RFSENS requirements for B70 should be the same a B4 as indicated below; 
	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex 
Mode

	
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	

	70
	 
	 
	[-100]
	[-97]
	[95.2]
	[-94]
	FDD




---------------- Start of TP -----------------------
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This section is designed to capture the key aspect of the duplex filter to support Band [70]. It proposed that results of filter date is captured and compared to the reference band (B4). This data can then be used to consider the impact on TX maximum power and RFSENS. 
Filter data for the Band [70] (1695-1710 MHz UL/1195-2020 MHz DL) is shown in Table 8.1-1. The data provided is all under extreme temperature condition (ETC).
Table 8.1-1: Simulated filter data for AWS extension band
	
	TX IL Max
(dB)
	RX IL Max
(dB)
	TX Isolation Min
(dB)
	RX Isolation Min
(dB)

	Vendor A
	1.3
	1.3
	60
	60

	Vendor B
	2.0
	2.8
	55
	55

	Vendor C
	1.8
	2.0
	55
	50

	Vendor D
	
	
	
	

	Average
	1.7
	2.1
	56
	55



First, as reference, data for Band 4 duplexer performance is provided. This data is reproduced from Table 8.1-4 of [3GPP TR 36.849].
Table 8.1-2: Band 4 filter performance reference
	Tx IL
	Rx IL
	Tx Isolation
	Rx Isolation
	Source

	1.7
	2,2
	54
	50
	Vendor A, Table 8.1-4 of [3GPP TR 36.849]

	1.8
	2,2
	55
	50
	Vendor B, Table 8.1-4 of [3GPP TR 36.849]

	2.0
	2,5
	55
	47
	Vendor C, Table 8.1-4 of [3GPP TR 36.849]

	1.8
	1,8
	60
	60
	Vendor D, Table 8.1-4 of [3GPP TR 36.849]

	1.8
	2,2
	56
	52
	Average



[bookmark: _Toc450575943]8.1.2	RFSENS 
The RFSENS for a B70 device compared to a B4 device would mainly be due to delta difference between the B70 and B4 duplexer or antenna filter losses 

Filter data (worst case) are provided by three different filter vendors.  In this case the average delta in a B70 Rx filter would -0.1dB to compared with the average value for B4 (2.1 dB/Table 8.1-2) B1 (and NOT taking in account a more realistic value for the RFIC NF contribution).  Therefore using the same methodology to determine RFSENS as B4 the RFSENS for B70 would be -0.1 dB relative to B4. We therefore propose the RFSENS requirements for B70 should be the same a B4 as indicated below; 

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex 
Mode

	
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	

	70
	 
	 
	[-100]
	[-97]
	[95.2]
	[-94]
	FDD



8.1.2	UE TX requirements

---------------- End of TP -----------------------
