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Abstract
This document looks how RFSENS is determined and proposes a value for B65. (pCR) 		
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
	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



These results are aligned with minimum specification defined in TS36.101 Table 7.3.1-1 for B1 copied below 

3GPP TS36.101 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

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD




NF observations 
1 LTE defines a total NF requirement of 9 dB for the UE, the same originally specified for UTRA FDD BI in Release 99 as per R4-99012 [1]. This figure is a composite value for all the NF contributions including the RFIC and duplexer as proposed in 1999  
2 A state of art of receiver has a much lower NF in the region of 5-6dB, with typically; 2.0-2.5dB duplexer filter contribution (UMTS/LTE Band 1) insertion loss and a NF for RFIC of about 3dB or less. See 2012 paper for LTE_TDD/FDD/WCDMA/GSM RFIC in [2].  
3 Taking these possible gains we note the RFSENS implementation margin would now be 5.5 to 6dB for a B1 non-CA device which is not currently considered. 


2		 B1 and B65 filter insertion loss
2.1	B1 insertion loss 
In this section we detail the B1 duplexer insertion losses. Data for different B1 filters specifications (worst case) are presented below for a number of different filter vendors.
Table 2.1-1: B1 filter data
	E-UTRA BAND
	Reference 
	Rx Insertion loss
	Tx/Rx Isolation

	
	
	Rx
	Tx
	Rx

	
	
	[dB]
	[dB]
	[dB]

	B1      
	Filter 1
	2.2
	53
	45

	
	Filter 2
	2.4
	55
	55

	
	Filter 3
	2.5
	50
	55

	
	Filter 4
	2.2
	55
	44

	
	Filter 5
	2.2
	54
	55

	
	Filter 6
	2.2
	52
	43

	
	Filter 7
	2.0
	51
	48

	
	Filter 8
	2.0
	53
	43

	
	Filter 9
	2.0
	53
	43

	
	Filter 10
	2.3
	53
	50

	
	Filter 11
	2.2
	44
	44



We note the average is 2.2dB for Rx duplex filter insertion loss which can be used to determine the NF figure contribution in the overall RFSENS calculation. If we only consider Tx/Rx isolation values >50dB than the average insertion loss for B1 filters are much higher 

2.2	B65 insertion loss 
B65 is an extension of B1 and therefore we need to review the insertion loss for this band compared with Band 1. In this section we detail the B65 filter simulation results presented in [2] 
Table 2.2-1: B65 filter data 
	E-UTRA BAND
	Reference 
	Rx Insertion loss
	Tx/Rx Isolation

	
	
	Rx
	Tx
	Rx

	
	
	[dB]
	[dB]
	[dB]

	B65
	Filter 12
	3.9
	52
	43

	
	Filter 13
	2.8
	55
	52

	
	Filter 14
	2.0
	55
	55



Filter data (worst case) 12, 13 and 14 is provided by three different filter vendors.  Taking into account the need to account from multiple filter vendors sourcing, we propose that the RFSENS requirements are based on filter 13 and 14 to support the need for multi-sourcing filters and the improved performance in particularly the Tx/Rx isolation.  In this case the delta increase in Rx filter losses would -0.2dB to +0.6dB compared with the average value for B1 (2.2 dB/Table 2.1-1)
3		Summary
Proposal 1	RAN4 reconsiders the NF used to determine RFSENS.  In order to avoid a long discussion on the NF improvement we suggest a modest improvement in this regard and only applicable to new bands to avoid legacy issues. We would, of-course welcome vendor feedback on a more realistic NF value for other new bands currently being specified in RAN4.
Proposal 2 	RFSENS for B65 should take into account the differences between the B1 and B65 Rx filter insertions loss.  For B65 we would like to align with [3] which proposed the same RFSENS as a current B1 terminal. This proposal aligns with the filter data have received and does not take into account a NF improvement. We therefore propose the RFSENS requirements for B65 should be; 
	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex 
Mode

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

	65
	 
	 
	[-100]
	[-97]
	[95.2]
	[-94]
	FDD


4		Reference 
[1] 	R4-99012: MS Receiver sensitivity in UTRA FDD mode, Nokia
[2]	 http://www.fujitsu.com/downloads/MAG/vol48-1/paper06.pdf 
[3] 	R4-154817: TP for 36.862: Filter data and simulations; Dish Networks 
[4] 	R4-153093: TP to TR 36.862: 8.1.2 UE REFSENS 36.862 v0.3.0, Nokia Networks

---------------- Start of TP -----------------------

8.1.2	UE REFSENS
The lower duplexer is assumed to be a Band 1 duplexer. This will ensure Band 1 performance within 1920-1980/2110-2170 MHz, including UE REFSENS
The upper duplexer is 2x90MHz. In this design, the duplexer has been for optimized in the non-overlapping frequencies 2170-2200 MHz as shown in Figure 1. The plots are at room temperature and also include a reference to the performance expected including temperature variation (manufacturing process variation is not included). It can be seen that the IL for the 2x90 MHz filter is not worse than for Band 1 for frequencies above 2160 MHz Thus, UE REFSENS for carriers including allocation above 2170MHz can be as Band 1 assuming such filter. Additional relaxations are needed in case of supporting intra-band CA.
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Figure 8.1.2-1: B1 (blue), B1+MSS (navy) and B1+MSS RX with optimized performance at the highest frequencies (green)
8.1.2.1		RFSENS 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
	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



These results are aligned with minimum specification defined in TS36.101 Table 7.3.1-1 for B1 copied below 

3GPP TS36.101 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

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD




NF observations 
1. LTE defines a total NF requirement of 9 dB for the UE, the same originally specified for UTRA FDD BI in Release 99 as per R4-99012 [1]. This figure is a composite value for all the NF contributions including the RFIC and duplexer as proposed in 1999  
2. A state of art of receiver has a much lower NF in the region of 5-6dB, with typically; 2.0-2.5dB duplexer filter contribution (UMTS/LTE Band 1) insertion loss and a NF for RFIC of about 3dB or less. See 2012 paper for LTE_TDD/FDD/WCDMA/GSM RFIC in [http://www.fujitsu.com/downloads/MAG/vol48-1/paper06.pdf ].  
3. Taking these possible gains we note the RFSENS implementation margin would now be 5.5 to 6dB for a B1 non-CA device which is not currently considered. 

Insertion loss 
In this section we detail the B1 duplexer insertion losses. Data for different B1 filters specifications (worst case) are presented below for a number of different filter vendors.

Table 8.1.2 -2: B1 filter data
	E-UTRA BAND
	Reference 
	Rx Insertion loss
	Tx/Rx Isolation

	
	
	Rx
	Tx
	Rx

	
	
	[dB]
	[dB]
	[dB]

	B1      
	Filter 1
	2.2
	53
	45

	
	Filter 2
	2.4
	55
	55

	
	Filter 3
	2.5
	50
	55

	
	Filter 4
	2.2
	55
	44

	
	Filter 5
	2.2
	54
	55

	
	Filter 6
	2.2
	52
	43

	
	Filter 7
	2.0
	51
	48

	
	Filter 8
	2.0
	53
	43

	
	Filter 9
	2.0
	53
	43

	
	Filter 10
	2.3
	53
	50

	
	Filter 11
	2.2
	44
	44



We note the average is 2.2dB for Rx duplex filter insertion loss which can be used to determine the NF figure contribution in the overall RFSENS calculation 

B65 insertion loss 
B65 is an extension of B1 and therefore we need to review the insertion loss for this band compared with Band 1. In this section we detail the B65 filter simulation results presented in [2] 
Table 8.1.2.1-3: B65 filter data 
	E-UTRA BAND
	Reference 
	Rx Insertion loss
	Tx/Rx Isolation

	
	
	Rx
	Tx
	Rx

	
	
	[dB]
	[dB]
	[dB]

	B65
	Filter 12
	3.9
	52
	43

	
	Filter 13
	2.8
	55
	52

	
	Filter 14
	2.0
	55
	55



Filter data (worst case) 12, 13 and 14 is provided by three different filter vendors.  Taking into account the need to account from multiple filter vendors sourcing, we propose that the RFSENS requirements are based on filter 13 and 14 to support the need for multi-sourcing components and the improved performance in particularly the Tx/Rx isolation.  In this case the delta increase in Rx filter losses would -0.2dB to +0.6dB compared with the average value for B1 (Table 8.1.2.1-1)
Summary
Proposal 1	RAN4 reconsiders the NF used to determine RFSENS.  In order to avoid a long discussion on the NF improvement we suggest a modest improvement in this regard and only applicable to new bands to avoid legacy issues. We would, of-course welcome vendor feedback on a more realistic NF value for other new bands currently being specified in RAN4.
Proposal 2 	RFSENS for B65 should take into account the differences between the B1 and B65 Rx filter insertions loss.  For B65 we would like to align with [3] which proposed the same RFSENS as a current B1 terminal. This proposal aligns with the filter data have received and does not take into account a NF improvement. We therefore propose the RFSENS requirements for B65 should be; 
	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex 
Mode

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

	65
	 
	 
	[-100]
	[-97]
	[95.2]
	[-94]
	FDD



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