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Introduction
[bookmark: _Hlk115189237]In R4#104b-e, PC2 FDD REFSENS and A-MPR requirements were discussed in [1] for requested low bands and in [2] for requested mid-bands. The further work required on REFSENS and A-MPR was captured in way forward [3]. In this contribution we provide preliminary results for the low bands for 1Tx and 2Tx PC2 REFSENS based on measured UL interference power in the DL channels and compare it with the PC3 measured UL interference power to directly derive REFSENS.
Discussion
Using the relative UL interference power method for REFSENS
During the release 17 WI on FDD PC2 bands, only two bands (n1 and n3) were investigated and only n3 was required to re-evaluate the REFSEN for the 1Tx and 2Tx PC2 cases and resulted in the two REFSENS degradation tables below.
Table 7.3.2-1c Reference Sensitivity Degradation from PC3 to PC2 for FDD bands for UE not supporting Tx Diversity
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n1
	0
	0
	0
	0
	0
	0
	-
	0
	0
	0

	n3
	0.5
	0.5
	0.5
	0.5
	0.6
	0.8
	1.1
	1.5
	2.3
	2.8

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4


	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n1
	0
	0
	0
	0
	0
	0
	-
	0
	0
	0

	n3
	1.4
	1.5
	1.5
	1.5
	1.6
	1.7
	2.8
	5
	5.5
	6.0

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2G.4



[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK5]Table 7.3.2-1d Reference Sensitivity Degradation from PC3 to PC2 for FDD bands for UE supporting Tx Diversity




With only one band to evaluate, at that time, an effort was made to align assumptions between companies as much as possible, reverse engineer the PC3 REFSENS and then recalculate PC2 REFSENS with a complete RF front end assumption, UL measurements and calculation of the MRC improvements.
However, this time we have many more bands that require revisiting their REFSENS for both 1Tx and 2Tx PC2: 
· Low bands n5, n8, n26, n28, n71 and n85	
· Mid band n25
· And probably more to come.

Given this and the brief amount of time between meetings, detailed below is what we used for all the low bands we measured under the related PC3 REFSENS UL configurations:
· PC3 1Tx interference power in DL channel for 15KHz and all relevant channel bandwidths
· PC2 1Tx interference power in DL channel for 15KHz and all relevant channel bandwidths
· Extrapolated the PC2 2Tx interference power based on comparing 1Tx and 2Tx interference power in our previous band n3 measurements.

Given the lack of time and multiple bands that needed to be covered, the measurement setup we used did not have the optimal noise floor but was good enough to provide preliminary data for the channel bandwidths with large MSD. It also and allowed us to develop a simplified approach to derive PC2 REFSENS from PC3 REFSENS and relative increase in interference power in the DL channel for PC3 and PC2.

One of the critical and cumbersome aspects of the method used in Release 17 was to somehow “rematch” the PC3 REFSENS specification with full filter parameters, MRC combining effect and UL interference power for PC3 to then apply the same parameters to PC2 case with the PC2 UL interference power. However, even with great effort, the results may not be very scientific as the PC3 REFSENS often results from averaging input from multiple companies thus losing the underlying assumptions. Companies which may or may not be the same for PC3 or PC2 REFSENS evaluation and sometimes values are inherited from LTE.

Therefore, we would like to propose a simplified method that does not require to re-engineer the PC3 calculations. The basic approach is to recalculate the UL interfering power by:
· Comparing the REFSENS value in 38.101-1 and the ideally scaled REFSENS from the 5MHz case
· The difference represents the additional noise due to the UL interference which can thus be calculated
· Then we can apply the measured difference between PC2 and PC3 UL interference in the DL channel to PC3 UL interference level calculated from PC3 REFSENS to calculate the equivalent PC2 UL interference under the same assumptions (or averaging mechanism) than used for PC3 REFSENS
· From the equivalent PC2 UL interference the PC2 REFSENS can be calculated.

Observation: Rather than re-engineering and “re-matching” the PC3 REFSENS assumptions and MRC calculations to derive PC2 REFSENS, a simplified method can be used to estimate the PC3 UL interference level directly from the REFSENS values in 38.101-1 and then apply the measured difference in UL interference in the DL channel using the related REFSENS UL configuration between PC3 and PC2 cases and recalculate the PC2 RFSENS.
REFSENS for n5, n8, n26, n28, n71 and n85
As preliminary and tentative input to the PC2 1Tx and 2Tx REFSENS we used the method described in 22.1 for all requested LB. Since the measurements did not have the optimum noise floor and was only measured in the 15kHz DL channel TXBW, some further measurements will be needed to decide the final value. Still, this first evaluation can be considered as tentative values.
The results of the calculations using the method described in 2.2 can be found in:
· Table 1 for n5 and n8
· Table 2 for n26 and n28
· Table 3 for n71 and n85
· The tables are organized in the same way from top to bottom rows:
· The 38.101-1 REFSENS per SCS per band and per channel bandwidth
· The 5MHz scaled REFSENS and the difference with the 38.101-1 REFSENS
· The UL interference level derived from 38.101-1 REFSENS and the ideally scaled REFSENS
· The measured interference levels at PA output for PC3 and PC2 1Tx
· The extrapolated PC2 2Tx level from earlier 1Tx and 2TX measurements for n3
· The PC3 to PC2 differences related to measurements
· The 1Tx and 2Tx UL interference level derived from 38.101-1 PC3 UL interference and measured difference added
· The resulting PC2 REFSENS and REFSENS degradations
Table 1: Calculations for PC2 1Tx and 2Tx REFSENS for n5 and n8
	
	
	n5
	n8

	 
	SCS kHz
	5
	10
	15
	20
	25
	5
	10
	15
	20
	35

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	PC3 REFSENS 38.101-1
	15
	-98
	-94.8
	-93
	-86.8
	-84.8
	-97
	-93.8
	-91.4
	-85.8
	-78.4

	
	30
	 
	-95.1
	-93.1
	-86.8
	-84.9
	 
	-94.1
	-91.7
	-87.2
	-78.5

	UL config
	15
	25
	25
	20
	20
	N5
	25
	25
	20
	20
	N5

	
	30
	 
	12
	10
	10
	N5
	 
	12
	10
	10
	N5

	PC3 scaled REFSENS 
	15
	-98.0
	-94.8
	-93.0
	-91.7
	-90.7
	-97.0
	-93.8
	-92.0
	-90.7
	-88.2

	
	30
	 
	-95.1
	-93.1
	-91.8
	-90.8
	 
	-94.1
	-92.1
	-90.8
	-88.3

	PC3 scaled vs REFSENS 
	15
	0.0
	0.0
	0.0
	4.9
	5.9
	0.0
	0.0
	0.6
	4.9
	9.8

	
	30
	 
	0.0
	0.0
	5.0
	5.9
	 
	0.0
	0.4
	3.6
	9.8

	PC3 UL interference derived from REFSENS
	15
	-108.5
	-104.8
	-103.4
	-84.4
	-82.0
	-108.5
	-104.7
	-95.5
	-83.4
	-74.9

	
	30
	 
	-105.6
	-103.5
	-84.4
	-82.1
	 
	-105.6
	-97.1
	-85.6
	-75.0

	PC3 UL meas
	15
	-49.7
	-47.8
	-46.0
	-36.1
	-34.4
	-49.7
	-47.8
	-46.0
	-36.1
	-28.1

	PC2 1Tx UL meas
	15
	-46.8
	-45.2
	-44.2
	-31.0
	-29.7
	-46.8
	-45.2
	-44.2
	-31.0
	-24.9

	PC2 2Tx UL
	15
	-46.2
	-44.8
	-43.9
	-30.0
	-28.7
	-46.2
	-44.8
	-43.9
	-30.0
	-23.3

	PC2 1TX vs PC3
	15
	3.0
	2.6
	1.8
	5.1
	4.7
	3.0
	2.6
	1.8
	5.1
	3.2

	PC2 2TX vs PC3
	15
	3.5
	3.0
	2.1
	6.1
	5.7
	3.5
	3.0
	2.1
	6.1
	4.8

	PC2 1Tx UL interference
	15
	-105.5
	-102.2
	-101.6
	-79.3
	-77.3
	-105.5
	-102.1
	-93.7
	-78.3
	-71.7

	PC2 2Tx UL interference
	15
	-105.0
	-101.8
	-101.3
	-78.3
	-76.3
	-105.0
	-101.6
	-93.4
	-77.3
	-70.0

	PC2 1Tx REFSENS
	15
	-97.7
	-94.5
	-92.8
	-82.7
	-80.8
	-96.8
	-93.6
	-91.0
	-81.7
	-75.5

	PC2 2Tx REFSENS
	15
	-96.9
	-93.7
	-92.0
	-81.8
	-79.9
	-96.0
	-92.8
	-90.3
	-80.8
	-73.8

	PC2 1Tx vs PC3 REFSENS
	15
	0.3
	0.3
	0.2
	4.1
	4.0
	0.2
	0.2
	0.4
	4.1
	2.9

	PC2 2Tx vs PC3 REFSENS
	15
	1.1
	1.1
	1.0
	5.0
	4.9
	1.0
	1.0
	1.1
	5.0
	4.6


Table 2: Calculations for PC2 1Tx and 2Tx REFSENS for n26 and n28
	
	
	n26
	n28

	 
	SCS kHz
	5
	10
	15
	20
	25
	30
	5
	10
	15
	20
	25
	30

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	PC3 REFSENS 38.101-1
	15
	-97.5
	-94.3
	-92.5
	-87.6
	-84.5
	-81.7
	-98.5
	-95.3
	-93.5
	-90.8
	-84.2
	-78.5

	
	30
	 
	-94.8
	-92.7
	-87.7
	-84.6
	-81.8
	 
	-95.6
	-93.6
	-91
	-84.2
	-78.6

	UL config
	15
	25
	25
	25
	25
	N5
	N5
	25
	25
	25
	25
	25
	25

	
	30
	 
	12
	10
	10
	N5
	N5
	 
	10
	10
	10
	10
	10

	PC3 scaled REFSENS 
	15
	-97.5
	-94.3
	-92.5
	-91.2
	-90.2
	-89.4
	-98.5
	-95.3
	-93.5
	-92.2
	-91.2
	-90.4

	
	30
	 
	-94.8
	-92.8
	-91.5
	-90.5
	-89.7
	 
	-95.6
	-93.6
	-92.3
	-91.3
	-90.5

	PC3 scaled vs REFSENS 
	15
	0.0
	0.0
	0.0
	3.6
	5.7
	7.7
	0.0
	0.0
	0.0
	1.4
	7.0
	11.9

	
	30
	 
	0.0
	0.1
	3.8
	5.9
	7.9
	 
	0.0
	0.0
	1.3
	7.1
	11.9

	PC3 UL interference derived from REFSENS
	15
	-108.5
	-104.7
	-103.4
	-86.0
	-81.8
	-78.5
	-108.5
	-104.8
	-103.4
	-91.9
	-81.1
	-74.8

	
	30
	 
	-105.6
	-101.2
	-85.9
	-81.9
	-78.5
	 
	-105.6
	-103.5
	-92.3
	-81.1
	-74.9

	PC3 UL meas
	15
	-49.7
	-47.8
	-46.7
	-37.0
	-34.8
	-31.7
	-49.7
	-48.7
	-48.3
	-45.5
	-35.0
	-23.3

	PC2 1Tx UL meas
	15
	-46.8
	-45.2
	-43.8
	-32.3
	-30.6
	-28.2
	-46.9
	-46.0
	-45.4
	-41.9
	-30.7
	-20.4

	PC2 2Tx UL meas
	15
	-46.2
	-44.8
	-43.5
	-31.4
	-29.7
	-27.3
	-46.4
	-45.8
	-45.4
	-41.5
	-29.8
	-19.4

	PC2 1TX vs PC3
	15
	3.0
	2.6
	2.9
	4.6
	4.2
	3.5
	2.8
	2.7
	2.9
	3.6
	4.2
	2.9

	PC2 2TX vs PC3
	15
	3.5
	3.0
	3.3
	5.6
	5.1
	4.5
	3.3
	2.9
	2.9
	4.0
	5.2
	3.9

	PC2 1Tx UL interference
	15
	-105.5
	-102.1
	-100.5
	-81.3
	-77.6
	-74.9
	-105.7
	-102.2
	-100.5
	-88.3
	-76.9
	-71.9

	PC2 2Tx UL interference
	15
	-105.0
	-101.7
	-100.1
	-80.4
	-76.7
	-74.0
	-105.1
	-101.9
	-100.5
	-87.9
	-75.9
	-70.9

	PC2 1Tx REFSENS
	15
	-97.2
	-94.0
	-92.2
	-84.3
	-81.1
	-78.6
	-98.2
	-95.0
	-93.2
	-89.3
	-80.5
	-75.7

	PC2 2Tx REFSENS
	15
	-96.4
	-93.3
	-91.5
	-83.4
	-80.1
	-77.6
	-97.4
	-94.2
	-92.4
	-88.6
	-79.6
	-74.7

	PC2 1Tx vs PC3 REFSENS
	15
	0.3
	0.3
	0.3
	3.3
	3.4
	3.1
	0.3
	0.3
	0.3
	1.5
	3.7
	2.8

	PC2 2Tx vs PC3 REFSENS
	15
	1.1
	1.0
	1.0
	4.2
	4.4
	4.1
	1.1
	1.1
	1.1
	2.2
	4.6
	3.8


Table 3: Calculations for PC2 1Tx and 2Tx REFSENS for n71 and n85
	
	
	n71
	n85

	 
	SCS kHz
	5
	10
	15
	20
	25
	30
	35
	5
	10
	15

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	PC3 REFSENS 38.101-1
	15
	-97.2
	-94
	-91.6
	-86
	-84.1
	-82.5
	-80.7
	-97
	-93.8
	-84

	
	30
	
	-94.3
	-91.9
	-87.4
	-84.2
	-82.6
	-80.8
	
	-94.1
	-84.1

	UL config
	15
	25
	25
	20
	20
	N5
	N5
	N5
	20
	20
	20

	
	30
	
	12
	10
	10
	N5
	N5
	N5
	
	10
	10

	PC3 scaled  REFSENS 
	15
	-97.2
	-94.0
	-92.2
	-90.9
	-89.9
	-89.1
	-88.4
	-97.0
	-93.8
	-92.0

	
	30
	
	-94.3
	-92.3
	-91.0
	-90.0
	-89.2
	-88.5
	
	-94.1
	-92.1

	PC3 scaled  vs REFSENS 
	15
	0.0
	0.0
	0.6
	4.9
	5.8
	6.6
	7.7
	0.0
	0.0
	8.0

	
	30
	
	0.0
	0.4
	3.6
	5.8
	6.6
	7.7
	
	0.0
	8.0

	PC3 UL interference derived from REFSENS
	15
	-108.5
	-104.7
	-95.7
	-83.6
	-81.4
	-79.5
	-77.5
	-108.5
	-104.7
	-80.7

	
	30
	
	-105.6
	-97.3
	-85.8
	-81.5
	-79.6
	-77.6
	
	-105.6
	-80.8

	PC3 UL meas
	15
	-49.1
	-43.8
	-44.8
	-38.6
	-37.0
	-34.9
	-31.8
	-49.2
	-45.2
	-31.6

	PC2 1Tx UL meas
	15
	-47.1
	-40.8
	-43.9
	-34.6
	-33.2
	-31.1
	-28.9
	-46.0
	-42.5
	-28.4

	PC2 2Tx UL meas
	15
	-46.6
	-40.0
	-43.5
	-33.6
	-32.3
	-30.1
	-27.3
	-45.4
	-41.8
	-27.4

	PC2 1TX vs PC3
	15
	2.0
	3.0
	1.0
	4.1
	3.7
	3.8
	2.9
	3.2
	2.7
	3.1

	PC2 2TX vs PC3
	15
	2.5
	3.8
	1.3
	5.0
	4.6
	4.8
	4.5
	3.8
	3.4
	4.1

	PC2 1Tx UL interference
	15
	-106.4
	-101.7
	-94.7
	-79.5
	-77.6
	-75.7
	-74.6
	-105.3
	-101.9
	-77.6

	PC2 2Tx UL interference
	15
	-105.9
	-100.9
	-94.4
	-78.6
	-76.7
	-74.7
	-73.0
	-104.7
	-101.2
	-76.6

	PC2 1Tx REFSENS
	15
	-97.0
	-93.7
	-91.3
	-82.8
	-81.0
	-79.2
	-78.1
	-96.8
	-93.6
	-81.2

	PC2 2Tx REFSENS
	15
	-96.2
	-92.9
	-90.6
	-81.9
	-80.1
	-78.3
	-76.6
	-96.0
	-92.8
	-80.3

	PC2 1Tx vs PC3 REFSENS
	15
	0.2
	0.3
	0.3
	3.2
	3.1
	3.3
	2.6
	0.2
	0.2
	2.8

	PC2 2Tx vs PC3 REFSENS
	15
	1.0
	1.1
	1.0
	4.1
	4.0
	4.2
	4.1
	1.0
	1.0
	3.7



It can be observed that the REFSENS degradation values for 1Tx and 2Tx are comparable to the values found for n3 in Release 17, but some further refinement may be needed for the lower bandwidths (noise floor limitation in the measurement) and 30kHz case (measurements done with 15kHz TXBW).
Proposal: Based on the above measurements and calculations, below we propose the tentative values for 1Tx PC2 REFSENS degradation in Table 4 and 1Tx PC2 REFSENS degradation in Table 5.
Table 4: REFSENS degradation for 1Tx PC2 versus PC3
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n5
	[0.3]
	[0.3]
	[0.2]
	[4.1]
	[4.0]
	
	
	
	
	

	n8
	[0.2]
	[0.2]
	[0.4]
	[4.1]
	-
	-
	[2.9]
	
	
	

	n26
	[0.3]
	[0.3]
	[0.3]
	[3.3]
	[3.4]
	[3.1]
	
	
	
	

	n28
	[0.3]
	[0.3]
	[0.3]
	[1.5]
	[3.7]
	[2.8]
	
	
	
	

	n71
	[0.2]
	[0.3]
	[0.3]
	[3.2]
	[3.1]
	[3.3]
	[2.6]
	
	
	

	n85
	[0.2]
	[0.2]
	[2.8]
	
	
	
	
	
	
	


Table 5: REFSENS degradation for 2Tx PC2 versus PC3
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n5
	[1.1]
	[1.1]
	[1.0]
	[5.0]
	[4.9]
	
	
	
	
	

	n8
	[1.0]
	[1.0]
	[1.1]
	[5.0]
	-
	-
	[4.6]
	
	
	

	n26
	[1.1]
	[1.0]
	[1.0]
	[4.2]
	[4.4]
	[4.1]
	
	
	
	

	n28
	[1.1]
	[1.1]
	[1.1]
	[2.2]
	[4.6]
	[3.8]
	
	
	
	

	n71
	[1.0]
	[1.1]
	[1.0]
	[4.1]
	[4.0]
	[4.2]
	[4.1]
	
	
	

	n85
	[1.0]
	[1.0]
	[3.7]
	
	
	
	
	
	
	


Conclusions
In this contribution provide the evaluation of the REFSENS degradation for all requested low bands based on a simplified calculation method and measured PC3 and PC2 UL interference in the related DL channels under the PC3 related UL configurations and make the following tentative proposals.

Observation: Rather than re-engineering and “re-matching” the PC3 REFSENS assumptions and MRC calculations to derive PC2 REFSENS, a simplified method can be used to estimate the PC3 UL interference level directly from the REFSENS values in 38.101-1 and then apply the measured difference in UL interference in the DL channel using the related REFSENS UL configuration between PC3 and PC2 cases and recalculate the PC2 RFSENS.

Proposal: Based on the above measurements and calculations, below we propose the tentative values for 1Tx PC2 REFSENS degradation in Table 4 and 1Tx PC2 REFSENS degradation in Table 5.
Table 4: REFSENS degradation for 1Tx PC2 versus PC3
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n5
	[0.3]
	[0.3]
	[0.2]
	[4.1]
	[4.0]
	
	
	
	
	

	n8
	[0.2]
	[0.2]
	[0.4]
	[4.1]
	-
	-
	[2.9]
	
	
	

	n26
	[0.3]
	[0.3]
	[0.3]
	[3.3]
	[3.4]
	[3.1]
	
	
	
	

	n28
	[0.3]
	[0.3]
	[0.3]
	[1.5]
	[3.7]
	[2.8]
	
	
	
	

	n71
	[0.2]
	[0.3]
	[0.3]
	[3.2]
	[3.1]
	[3.3]
	[2.6]
	
	
	

	n85
	[0.2]
	[0.2]
	[2.8]
	
	
	
	
	
	
	


Table 5: REFSENS degradation for 2Tx PC2 versus PC3
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n5
	[1.1]
	[1.1]
	[1.0]
	[5.0]
	[4.9]
	
	
	
	
	

	n8
	[1.0]
	[1.0]
	[1.1]
	[5.0]
	-
	-
	[4.6]
	
	
	

	n26
	[1.1]
	[1.0]
	[1.0]
	[4.2]
	[4.4]
	[4.1]
	
	
	
	

	n28
	[1.1]
	[1.1]
	[1.1]
	[2.2]
	[4.6]
	[3.8]
	
	
	
	

	n71
	[1.0]
	[1.1]
	[1.0]
	[4.1]
	[4.0]
	[4.2]
	[4.1]
	
	
	

	n85
	[1.0]
	[1.0]
	[3.7]
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