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1. Introduction
During RAN#59 (Vienna), the study item titled “Expansion of LTE_FDD_1670_US to include 1670-1680 MHz Band for LTE in the US” was approved [1].  The downlink spectrum covered by this study item is 1670 to 1680 MHz, and the uplink band coincides with band 24 UL from 1626.5 to 1660.5 MHz. In this contribution, we address the UE REFSENS for the two pairing alternatives for this proposed band.

2. Discussion
The two proposed pairing options between the 1670-1680 MHz downlink band and the Band 24 UL carriers are shown in Figure 1 below [2].
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Figure 1: Proposed pairing options between the 1670-1680 MHz downlink band and the band 24 UL carriers
The frequency separations between the uplink and downlink of the proposed pairing options are given in Table 1 below.

Table 1: Frequency Separation for Proposed UL Pairings 
	Pairing option
	Uplink (MHz)
	Downlink (MHz)
	Frequency separation between the uplink and downlink (MHz)

	1
	1646.7 - 1656.7
	1670 - 1680
	13.3

	2
	1627.5 - 1637.5
	1670 - 1680
	32.5


3. UE REFSENS for Band 24
The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

For the Band 24 UE, PREFSENS = -100 dBm for 5 MHz and PREFSENS = -97 dBm for 10 MHz channel bandwidths. These values are obtained by assuming NF (noise figure) = 9 dB, combined SNR (for QPSK1/3) = - 1 dB before considering implementation margin, DG (Rx diversity gain) = 3 dB, and IM (implementation margin) = 2 dB.  The reference measurement channel for which the reference receive sensitivity requirement must be met is assumed to be full allocation with number of allocated uplink resource blocks of 25 for 5MHz and 50 for 10MHz channel. 
3 Maximum Sensitivity Degradation (MSD) and UE REFSENS with Small Duplexing Gap
For calculating the REFSENS, the method described in [2] is used when two-branch Rx antenna along with MRC receiver processing, and a certain coupling between the Rx antennas are assumed at the UE receiver. 

The Reference sensitivity is calculated using 
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Where Vn is the receive noise power per branch and is   
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The term  is the additional margin for excessive transmitter noise and is considered to be  (dB) = 0.5 dB applicable for most operating band and bandwidth combinations. 

If we assume that the UE transmitter causes an emission of POOB in its own receive band, the corresponding transmitter noise power per branch is 
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Where Lrx is the duplexer Rx filter insertion loss, and atx-rx is the duplexer isolation. One way to calculate the POOB, is to assume a certain transmit power (say 23dBm) and using POOB = Tx Power / ACLR. Another approach is to integrate the PA output emission graph (similar to Fig. 2) over the receive bandwidth. 
[image: image7.emf]
Figure 2: Band 24 OOB noise at PA output for LTE 1627.5-1637.5 MHz; 50 RBs; Tx power 23dBm.
With these values, and assuming that |c|2 is the inverse of Lcoupling, the coupling between the two Rx antenna branches, the Maximum Sensitivity Degradation (MSD) could be calculated according to the following rules:

1. If the transmitter noise, Vt and the receiver noise, Vn satisfy (3.4), which means that the receive noise is dominant, then the MSD can be estimated from the usual MRC expression (3.5). 
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2. If the transmitter noise is dominating at both branches, 
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3. if  
[image: image13.wmf]n

t

V

V

»

 then (3.6) is not a reasonable approximation, and (3.7) can be used to calculate the MSD
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4 MSD and UE REFSENS for upper UL pairing with Small Duplexing Gap
Assuming 
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, and the same parameters as in section 3, the reference sensitivity power for 5 and 10 MHz channel bandwidths could be calculated to be -100 dBm and -97 dBm, respectively. If we borrow the UE duplexer Rx insertion loss and Tx-Rx isolation loss from [3], Table 4.1 enlists the parameters required for calculating the MSD and UE REFSENS for both 5 and 10 MHz channel bandwidths, when the upper UL carrier pairing is used (Fig. 1.b). It is assumed that the coupling between the two Rx antennas is 10 dB, the noise figure is 9 dB.
Table 4.1: Calculation of MSD for upper UL pairing

	BW 
(MHz)
	Lcoupling
(dB)
	
(dB)
	PA output OOB Density (dBm/Hz)
	Lrx
(dB)
	atx-rx
(dB)
	B
(MHz)
	NF
(dB)
	POOB
(dBm)
	Vn
(dBm)
	Vt
(dBm)
	MSD
(dB)

	5
	10
	0.5
	-128
	3
	50
	4.5
	9
	-61.47
	-98.5
	-108.47
	-0.28

	10
	10
	0.5
	-98.00
	3
	50
	9
	9
	-28.46
	-95.5
	-75.46
	12.92


It is evident from Table 4.1 that the sensitivity degradation for the 5 MHz channel BW is not significant, while the maximum sensitivity degradation for 10 MHz channel in the range of 12.92 dB. This degradation is due to small duplexing gap between the UL and DL carrier (13.3 MHz), and the fact that the UE PA output OOB density in the Rx channel is significant. Please note that in [3], we have assumed the duplexer is implemented using FBAR filter technology, and therefore 3 dB insertion loss is feasible with 50 dB Tx-Rx isolation. To reduce the sensitivity degradation, the Tx-Rx isolation must be significantly increased. In [4], the required additional isolation to achieve maximum 3 dB desensitization in Rx noise floor per antenna branch is calculated to be 23 dB. This means that atx-rx must be increased to 73 dB. With this value, the MSD calculated above would reduce to 0.4 dB. It is stated in [4] that one solution to achieve such isolation is to use an additional post PA band rejection filter in the transmit chain. However, this requires dealing with potential insertion loss of this additional filter. 
Detailed simulation of transmit and receive chains are required to validate the calculated reference sensitivity and maximum sensitivity degradation.

5 UE REFSENS for Lower UL pairing 
The Tx-Rx separation in this case is 32.5 MHz (Fig 1.a), and the PA output OOB density in Rx band is much lower than the case where the upper UL carrier is paired. As a result, we expect that the MSD in this case is insignificant, and therefore the reference sensitivity are the same as band 24 values expressed in Section 3. 
As stated in [4], the coexistence with UEs transmitting in 1646.7-1656.7 MHz could cause blocking for receiver UEs in this band. Therefore, coexistence studies must be performed to guarantee achieving the same REFSENS values for this band.
6 Conclusion 
The reference sensitivity values for 5 and 10 MHz channel bandwidths, when lower UL carrier (1627.5-1637.5 MHz) is paired with the DL carrier are calculated to be -100 dBm and -97 dBm, respectively. However, when the upper UL carrier (1646.7 – 1656.7 MHz ) is paired with the DL carrier, due to small duplexing gap and high PA output OOB emission in the receive band increases the transmit noise, and therefore the 50 dB duplexer Tx-Rx rejection is not enough to compensate for this high level of noise. The maximum sensitivity degradation (MSD) for 5 MHz case is calculated to be insignificant, while the MSD for 10 MHz channel bandwidth is calculated to be in the range of 12.92 dB. As a result, the reference sensitivity for 5 MHz case could be considered -100 dBm as in band 24, while for 10 MHz case we need to use post PA band rejection filters to provide the additional rejection required. Detailed simulation of transmit and receive chains are required to validate these values. 
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8.3

UE REFSENS


The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

For the Band 24 UE, PREFSENS = -100 dBm for 5 MHz and PREFSENS = -97 dBm for 10 MHz channel bandwidths. These values are obtained by assuming NF (noise figure) = 9 dB, combined SNR (for QPSK1/3) = - 1 dB before considering implementation margin, DG (Rx diversity gain) = 3 dB, and IM (implementation margin) = 2 dB.  The reference measurement channel for which the reference receive sensitivity requirement must be met is assumed to be full allocation with number of allocated uplink resource blocks of 25 for 5MHz and 50 for 10MHz channel. 

8.3.1
Maximum Sensitivity Degradation (MSD) 
For calculating the REFSENS, the method described in [12] is used when two-branch Rx antenna along with MRC receiver processing, and a certain coupling between the Rx antennas are assumed at the UE receiver. 

The Reference sensitivity is calculated using 
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Where Vn is the receive noise power per branch and is   
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The term  is the additional margin for excessive transmitter noise and is considered to be  (dB) = 0.5 dB applicable for most operating band and bandwidth combinations. 

If we assume that the UE transmitter causes an emission of POOB in its own receive band, the corresponding transmitter noise power per branch is 
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Where Lrx is the duplexer Rx filter insertion loss, and atx-rx is the duplexer isolation. One way to calculate the POOB, is to assume a certain transmit power (say 23dBm) and using POOB = Tx Power / ACLR. Another approach is to integrate the PA output emission graph over the receive bandwidth.
With these values, and assuming that |c|2 is the inverse of Lcoupling, the coupling between the two Rx antenna branches, the Maximum Sensitivity Degradation (MSD) could be calculated according to the following rules:

1. If the transmitter noise, Vt and the receiver noise, Vn satisfy (8.3.1-4), which means that the receive noise is dominant, then the MSD can be estimated from the usual MRC expression (8.3.1-5). 
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2. If the transmitter noise is dominating at both branches, 
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3. if  
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 then (8.3.1-6) is not a reasonable approximation, and (8.3.1-7) can be used to calculate the MSD
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8.3.2
MSD and UE REFSENS for Upper UL pairing (Option 1)
Assuming 
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, and the same parameters used for band 24, the reference sensitivity power for 5 and 10 MHz channel bandwidths could be calculated to be -100 dBm and -97 dBm, respectively. Using the UE duplexer Rx insertion loss and Tx-Rx isolation loss in Table 8.1-1, we have enlisted the parameters required for calculating the MSD and UE REFSENS for both 5 and 10 MHz channel bandwidths of option 1 in Table 8.3.2-1. Here, it is assumed that the coupling between the two Rx antennas is 10 dB, and the noise figure is 9 dB.

Table 8.3.2-1: Calculation of MSD for option 1 UL pairing

	BW 
(MHz)
	Lcoupling
(dB)
	
(dB)
	PA output OOB Density (dBm/Hz)
	Lrx
(dB)
	atx-rx
(dB)
	B
(MHz)
	NF
(dB)
	POOB
(dBm)
	Vn
(dBm)
	Vt
(dBm)
	MSD
(dB)

	5
	10
	0.5
	-128
	3
	50
	4.5
	9
	-61.47
	-98.5
	-108.47
	-0.28

	10
	10
	0.5
	-98.00
	3
	50
	9
	9
	-28.46
	-95.5
	-75.46
	12.92


As evident from this table, the sensitivity degradation for the 5 MHz channel BW is not significant, while the maximum sensitivity degradation for 10 MHz channel in the range of 12.92 dB. This degradation is due to small duplexing gap between the UL and DL carrier (13.3 MHz), and the fact that the UE PA output OOB density in the Rx channel is significant. To reduce the sensitivity degradation, the Tx-Rx isolation must be significantly increased from 50 dB value captured in Table 8.1-1. From Table 8.1.1-1, the required additional isolation to achieve maximum 3 dB desensitization in Rx noise floor per antenna branch is calculated to be 23 dB. This means that atx-rx must be increased to 73 dB. With this value, the MSD calculated above would reduce to 0.4 dB. One solution to achieve such isolation is to use an additional post PA band rejection filter in the transmit chain. However, this requires dealing with potential insertion loss of this additional filter. 

8.3.3
UE REFSENS for Lower UL pairing (Option 2)

The Tx-Rx separation for option 2 pairing is 32.5 MHz, and the PA output OOB density in Rx band is lower than the case for where the upper UL carrier is paired. As a result, we expect that the MSD in this case is insignificant, and therefore the reference sensitivities are the same as band 24 values (-100 dBm for 5 MHz and -97 dBm for 10 MHz channel bandwidth).
With option 2 UL pairing, the coexistence with UEs transmitting in 1646.7-1656.7 MHz could cause blocking for receiver UEs in 1670-1680 MHz. Therefore, coexistence studies must be performed to guarantee achieving the same REFSENS values for this band. 
<End of modifications>
------------- End of TP ------------------
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