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Introduction
[bookmark: _Hlk115189237]In R4#105, we provided preliminary results in [2] for the PC2 FDD Reference sensitivity degradation (RSD) based on 1PA and 2PA measurements. In this contribution, we have gathered new measurements with a lower noise floor and refined further the RSD calculations for all the PC2 FDD bands in the WI [1].
Discussion
Matching previous band n3 Release 17 case 
During the last meeting, it was mentioned that the results in [2] were preliminary as we could not use a bench that included an output duplexer to ensure a good noise floor. For this meeting, we re-ran the measurements using a low band duplexer that provides us with a -89 dBm noise floor for a 5MHz channel. This is 26dB lower than the transmitter noise floor in the same CBW. We also conducted measurements for 1TX PC3 and 1TX PC2, as the low noise bench cannot accommodate a 2PA measurement. We then applied the delta due to RIMD discovered in R4#105 measurements in [2] for cases where the measured noise was sufficiently above the setup noise floor.

The calculation method applied in [1] was a shortcut to avoid trying to match the assumptions, averaging and calculations from different companies at different times, releases depending on the band, the CBW and/or the power class that resulted in the REFSENS and RSD values in 38.101-1. Our approach is to have a common set of assumptions and equations for all the bands, CBW, power class and 1Tx/2Tx. In [1], we used a simple method that calculated the equivalent PC3 TX noise from the de-sense in the 38.101-1 PC# REFSENS, and then applied the difference between 1Tx and 2Tx PC2 measured PA noises versus the measured PC3 PA noise. 

To benchmark the method from [1] and also use the MRC based calculations, in Table 1, we have made the calculations based on measured values for n3 and compared the results in Table 2 with 38.101-1 for:
· REFSENS De-sense after corrections to match 38.101-1 for both methods in [1] and MRC calculations using the same RF front end assumptions
· Based on the corrections, we then calculate the 1Tx PC2 RSD based in [1] and MRC by applying the 1Tx PC2 to PC3 difference in the measurements
· In the same manner, the 1Tx PC2 RSD based in [1] and MRC are calculated by applying the 2Tx PC2 to 1Tx PC2 difference in the measurements in [1].

The MRC calculated values (shown in green) in Table 1 are difficult to read, but match 38.101-1 for the main assumptions (shown in blue):
· 50dB Tx-Rx isolation, 46dB Tx-Ant rejection in DL, 10dB antenna isolation, 4dB pre-LNA losses
· Scaled RX noise from the 5MHz CBW REFSENS value
· For comparison purpose, Table 2 is easier to read
· Tx noises as described above

Table 1: Band n3 MRC calculations for rematched PC3 REFSENS case the PC2 1Tx and 2Tx RSD
[image: ]
Table 2: Comparisons between TS 38-101-1 REFSEN and RSD values and MRC calculation and methods in [1]
	CBW[MHz]
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	PC3 Desense TS 38.101-1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	2.0
	5.3
	5.8
	7.0

	PC3 Desense MRC Calculated
	0.3
	0.4
	0.4
	0.4
	0.4
	0.4
	2.0
	5.3
	5.8
	7.0

	PC2 1Tx RSD TS 38.101-1
	0.5
	0.5
	0.5
	0.5
	0.6
	0.8
	1.1
	1.5
	2.3
	2.8

	PC2 1Tx RSD MRC Calculated
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	1.0
	1.9
	2.0
	2.2

	PC2 1Tx RSD Calculated with [1] 
	0.5
	0.4
	0.5
	0.5
	0.4
	0.4
	1.4
	2.3
	2.4
	2.5

	PC2 2Tx RSD TS 38.101-1
	1.4
	1.5
	1.5
	1.5
	1.6
	1.7
	2.8
	5.0
	5.5
	6.0

	PC2 2Tx RSD MRC Calculated
	1.1
	1.2
	1.2
	1.2
	1.3
	1.4
	3.1
	5.2
	5.4
	5.9

	PC2 2Tx RSD Calculated with [1]
	0.7
	0.7
	0.7
	0.8
	0.7
	0.7
	2.6
	4.0
	4.1
	4.4




Observations:
· For low de-sense values of 5 to 30MHz CBW the MRC or the method in [1] calculations shows a little difference in the values, but this is because de-sense < 0.5dB is ignored in the specification (these are related to the transmitter noise floor)
· Following corrections, the de-sense deducted from TS 38.101-1 is matched
· 1TX PC2 RSD calculated from [1] or MRC are very close to the values from 38.101-1 despite the fact that these values are the results of multiple company averages
· 2TX PC2 RSD calculated from MRC are very close to the values from 38.101-1 despite these values are the results of multiple company’s average
· Although these observations show a promising trend, 2TX PC2 RSD calculated from [1] are optimistic compared to the values from 38.101-1. This is because the calculation does not account for the addition of the TX noise from the direct and coupled path and MRC improvments.

Although the method in [1] performs very well for 1Tx PC2 RSD calculation and it should be feasible to compensate for the errors of the 2TX PC2 case by further adding a proportion or the TX noise (6-7dB lower). For this contribution we have chosen to rely on the more robust MRC calculation method. This is the method used for the other band results described in the following chapters.
Measurements and calculated RSD for PC2 FDD bands
Reusing the MRC methodology described in chapter 2.1, together with new mid-band measurement performed on a bench with a low noise floor, the PC2 FDD mid band calculated results are provided in Table 3 and Table 4 for the low bands. Note that n66 is not provided as its inherently wide duplex gap guarantees that the Tx noise is always very low at the DL frequency. For each band, the rows provide:
1. The PC3 de-sense deducted from 38.101-1 REFSENS
2. The matched MRC result for PC3
3. The calculated 1TX PC2 MRC result
4. The calculated 2TX PC2 MRC result
Note that for n71 and n105, an 5dB improved duplexer isolation and rejection is accounted for as was agreed upon for the REFSENS evaluation.
Table 3: results for PC2 FDD mid bands.
	band
	CBW
	[MHz]
	5
	10
	15
	20
	25
	30
	35
	40
	45

	n2
	PC3 Desense TS 38.101-1
	[dB]
	0.0
	0.0
	0.0
	0.0

	0.0
	5.8
	5.6
	7.1
	 

	
	PC3 Desense Calculated
	[dB]
	0.4
	0.5
	0.6
	0.6
	0.7
	5.8
	5.6
	7.1
	 

	
	PC2 1Tx RSD
	[dB]
	0.8
	0.8
	0.8
	0.1
	0.0
	2.0
	2.0
	2.2
	 

	
	PC2 2Tx RSD
	[dB]
	1.4
	1.7
	1.8
	1.3
	1.5
	5.4
	5.4
	5.9
	 

	n25
	PC3 Desense TS 38.101-2
	[dB]
	0.0
	0.0
	0.0
	0.0
	0.0
	6.2
	6.0
	7.6
	9.0

	
	PC3 Desense Calculated
	[dB]
	0.3
	0.4
	0.4
	0.5
	0.5
	6.2
	6.0
	7.6
	9.0

	
	PC2 1Tx RSD
	[dB]
	0.6
	0.6
	0.6
	0.6
	0.6
	2.1
	2.1
	2.3
	2.5

	
	PC2 2Tx RSD
	[dB]
	1.0
	1.3
	1.4
	1.5
	1.7
	5.6
	5.5
	6.1
	6.4


Table 4: results for PC2 FDD low bands.
	band
	CBW
	[MHz]
	5
	10
	15
	20
	25
	30
	35

	n5
	PC3 Desense TS 38.101-1
	[dB]
	0.0
	0.0
	0.0
	4.9
	5.9
	
	

	
	PC3 Desense Calculated
	[dB]
	0.3
	0.4
	0.6
	4.9
	5.9
	
	

	
	PC2 1Tx RSD
	[dB]
	0.4
	0.5
	0.9
	1.9
	2.1
	
	

	
	PC2 2Tx RSD
	[dB]
	1.0
	1.3
	1.8
	5.1
	5.5
	
	

	n8
	PC3 Desense TS 38.101-1
	[dB]
	0.0
	0.0
	0.6
	4.9
	
	
	9.8

	
	PC3 Desense Calculated
	[dB]
	0.3
	0.3
	0.5
	4.9
	
	
	9.8

	
	PC2 1Tx RSD
	[dB]
	0.3
	0.4
	0.7
	1.9
	
	
	2.6

	
	PC2 2Tx RSD
	[dB]
	0.8
	1.0
	1.5
	5.1
	
	
	6.6

	n13
	PC3 Desense TS 38.101-1
	[dB]
	0.0
	0.0
	
	
	
	
	

	
	PC3 Desense Calculated
	[dB]
	0.5
	0.5
	
	
	
	
	

	
	PC2 1Tx RSD
	[dB]
	0.8
	0.8
	
	
	
	
	

	
	PC2 2Tx RSD
	[dB]
	1.7
	1.6
	
	
	
	
	

	n26
	PC3 Desense TS 38.101-1
	[dB]
	0.0
	0.0
	0.2
	3.7
	5.8
	7.8
	

	
	PC3 Desense Calculated
	[dB]
	0.3
	0.4
	0.6
	3.7
	5.8
	7.8
	

	
	PC2 1Tx RSD
	[dB]
	0.3
	0.5
	0.8
	1.7
	2.1
	2.4
	

	
	PC2 2Tx RSD
	[dB]
	0.9
	1.2
	1.7
	4.4
	5.5
	6.2
	

	n28
	PC3 Desense TS 38.101-1
	[dB]
	0.0
	0.0
	0.0
	1.4
	7.0
	11.9
	

	
	PC3 Desense Calculated
	[dB]
	0.2
	0.3
	0.3
	1.4
	7.0
	11.9
	

	
	PC2 1Tx RSD
	[dB]
	0.3
	0.3
	0.3
	0.8
	2.3
	2.7
	

	
	PC2 2Tx RSD
	[dB]
	0.8
	0.9
	1.0
	2.3
	5.9
	6.9
	

	n71
	PC3 Desense TS 38.101-1
	[dB]
	0.0
	0.0
	0.6
	4.9
	5.8
	6.6
	7.7

	
	PC3 Desense Calculated
	[dB]
	0.1
	0.1
	0.5
	4.9
	5.8
	6.6
	7.7

	
	PC2 1Tx RSD
	[dB]
	0.1
	0.1
	0.9
	2.0
	2.2
	2.3
	2.4

	
	PC2 2Tx RSD
	[dB]
	0.3
	0.4
	1.5
	4.7
	5.1
	5.3
	5.6

	n85
	PC3 Desense TS 38.101-1
	[dB]
	0.0
	0.0
	8.0
	
	
	
	

	
	PC3 Desense Calculated
	[dB]
	0.4
	0.4
	8.0
	
	
	
	

	
	PC2 1Tx RSD
	[dB]
	0.6
	0.6
	2.4
	
	
	
	

	
	PC2 2Tx RSD
	[dB]
	1.3
	1.3
	6.2
	
	
	
	

	n105
	PC3 Desense TS 38.101-1
	[dB]
	0.0
	0.0
	0.6
	4.0
	4.8
	5.3
	5.9

	
	PC3 Desense Calculated
	[dB]
	0.1
	0.1
	0.4
	4.0
	4.8
	5.3
	5.9

	
	PC2 1Tx RSD
	[dB]
	0.1
	0.1
	0.8
	1.8
	2.0
	2.1
	2.2

	
	PC2 2Tx RSD
	[dB]
	0.2
	0.3
	1.4
	4.3
	4.6
	4.9
	5.1



Since the results are very consistent, they form the basis for our RSD proposals in chapters 2.3 and 2.4
proposed RSD for 1Tx PC2 FDD bands
Based on results in chapter 2.2:
Proposal 1 on 1Tx PC2 RSD: values in Table 5 and 6 are used to capture the PC2 FDD bands 1Tx PC2 RSD in 38.101-1
Table 5: proposed RSD values for mid-bands
	CBW[MHz]
	5
	10
	15
	20
	25
	30
	35
	40
	45

	n2
	0.8
	0.8
	0.8
	0.8
	0.8
	2.0
	2.0
	2.2
	 

	n25
	0.6
	0.6
	0.6
	0.6
	0.6
	2.1
	2.1
	2.3
	2.5

	n66
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0


Table 6: proposed RSD values for low-bands
	CBW[MHz]
	5
	10
	15
	20
	25
	30
	35

	n5
	0.4
	0.5
	0.9
	1.9
	2.1
	 
	 

	n8
	0.3
	0.4
	0.7
	1.9
	 
	 
	2.6

	n13
	0.8
	0.8
	 
	 
	 
	 
	 

	n26
	0.3
	0.5
	0.8
	1.7
	2.1
	2.4
	 

	n28
	0.3
	0.3
	0.3
	0.8
	2.3
	2.7
	 

	n71*
	0.1
	0.1
	0.9
	2.0
	2.2
	2.3
	2.4

	n85
	0.6
	0.6
	2.4
	 
	 
	 
	 

	n105*
	0.1
	0.1
	0.8
	1.8
	2.0
	2.1
	2.2


*For n71 and n105 a 5dB improved duplexer isolation and rejection is accounted for as was agreed for the REFSENS evaluation.
proposed RSD for 2Tx PC2 FDD bands
Based on results in chapter 2.2:
Proposal 2 on 1Tx PC2 RSD: values in Table 7 and 8 are used to capture the PC2 FDD bands 2Tx PC2 RSD in 38.101-1
Table 7: proposed RSD values for mid-bands
	CBW[MHz]
	5
	10
	15
	20
	25
	30
	35
	40
	45

	n2
	1.4
	1.7
	1.8
	1.3
	1.5
	5.4
	5.4
	5.9
	 

	n25
	1.0
	1.3
	1.4
	1.5
	1.7
	5.6
	5.5
	6.1
	6.4

	n66
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0


Table 8: proposed RSD values for mid-bands
	CBW[MHz]
	5
	10
	15
	20
	25
	30
	35

	n5
	1.0
	1.3
	1.8
	5.1
	5.5
	 
	 

	n8
	0.8
	1.0
	1.5
	5.1
	 
	 
	6.6

	n13
	1.7
	1.7
	 
	 
	 
	 
	 

	n26
	0.9
	1.2
	1.7
	4.4
	5.5
	6.2
	 

	n28
	0.8
	0.9
	1.0
	2.3
	5.9
	6.9
	 

	n71*
	0.3
	0.4
	1.5
	4.7
	5.1
	5.3
	5.6

	n85
	1.3
	1.3
	6.2
	 
	 
	 
	 

	n105*
	0.2
	0.3
	1.4
	4.3
	4.6
	4.9
	5.1


*For n71 and n105 a 5dB improved duplexer isolation and rejection is accounted for as was agreed for the REFSENS evaluation.
Needed A-MPR work for PC2 FDD bands
In addition to the RSD values, the PC2 FDD bands should be checked for potential NS related A-MPR. In Table 9, we describe the related NS and potential A-MPR evaluations needed to complete the bands.
Table 9: applicable NS requirement and A-MPR for PC2 FDD bands
	band
	NS
	BW [MHz]/Fc
	Requirement
	38.101-1 A-MPR
	Checks for PC2

	n2
n25
n66
	3(U)
	all, outer only
	SEM
-13dBm/M for 1-6 5MCH 
and 1-CBW >5MCH
	PC3 SEM 2dB outer
	 need to check SEM for edge/outer

	n85
	6
	5/10/15
	SEM 0-0.1 -15/-18/-20dBm/30k, 
0.1-1 -13dBm/100k, 
1-6/CBW -13dBm/M
	PC1 SEM edge 8.5dB
	 need to check SEM for edge/outer

	n13
	7
	5/10
	SEM 0-0.1 -15/-18/-20dBm/30k, 
0.1-1 -13dBm/100k, 
1-6/CBW -13dBm/M 
>6/CBW -25dBm/M
OOB -57dBm/6.25kHz 769-775M
	PC3 OOB 12dB@5M
	need to check SEM for edge/outer
PC2 A-MPR for OOB

	n26
	12
	5/10 CC >814MHz
	OOB -42dBm/6.25kHz 806-813.5M
	PC3 5dB@5M
	 PC2 AMPR for OOB ?CBW>10MHz

	n26
	13
	5 CC >817MHz
	OOB -42dBm/6.25kHz 806-816M CC above 817
	PC3 4.5dB@5M
	 PC2 AMPR for OOB ?CBW>5MHz

	n26
	14
	10/15/20 CC >824MHz
	OOB -42dBm/6.25kHz 806-816M CC above 824
	PC3 3dB@5M
	 PC2 AMPR for OOB

	n26
	15
	5/10/15/20
	OOB -57dBm/6.25kHz 851-859MHz
	PC3 9dB@5M
	  PC2 AMPR for OOB

	n28
	17
	5/10
	OOB -26.2dBm/6MHz 470-710 for CC in 718-748M
	NA PC3
	 PC2 AMPR for OOB ?CBW>10MHz

	n28
	18
	5/10/15/25/20/30
	OOB -26.2dBm/6MHz 692-698MHz
	PC3 8dB@25M
	PC2 AMPR for OOB
Check 20MHz A-MPR

	n71
	35
	5/10/15
	SEM 0-0.1 -15/-18/-20/-21dBm/30k, 
0.1-6/CBW -13dB /100k, 
>6/CBW -25 dBm
	PC1 SEM edge 8.5dB
	 

	n8
	43(U)
	5/15 within 900-925MHz
10 within 905-915MHz
	OOB -40/MHz 860-890MHz
	PC3 9dB@15M
	PC2 AMPR for OOB
CBW >15MHz?



From the above requirement table, there are a significant number of NS and A-MPR to be studied for almost all PC2 FDD bands.

Proposal 3:
· Proponent of PC2 FDD bands need to confirm which NS applies and for which channel bandwidths. Especially when CBW is larger than the current specification supports for PC3.
· An FDD PC2 band cannot be considered complete if the A-MPR specification is not finalized.

Conclusions
In this contribution, we have made RSD calculations for all PC2 FDD bands based on a new set of measurements and MRC combining. Based on these evaluations, we make the following 1Tx and 2Tx PC2 RSD requirement proposals.

Proposal 1 on 1Tx PC2 RSD: values in Table 5 and 6 are used to capture the PC2 FDD bands 1Tx PC2 RSD in 38.101-1
Table 5: proposed RSD values for mid-bands
	CBW[MHz]
	5
	10
	15
	20
	25
	30
	35
	40
	45

	n2
	0.8
	0.8
	0.8
	0.8
	0.8
	2.0
	2.0
	2.2
	 

	n25
	0.6
	0.6
	0.6
	0.6
	0.6
	2.1
	2.1
	2.3
	2.5

	n66
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0


Table 6: proposed RSD values for low-bands
	CBW[MHz]
	5
	10
	15
	20
	25
	30
	35

	n5
	0.4
	0.5
	0.9
	1.9
	2.1
	 
	 

	n8
	0.3
	0.4
	0.7
	1.9
	 
	 
	2.6

	n13
	0.8
	0.8
	 
	 
	 
	 
	 

	n26
	0.3
	0.5
	0.8
	1.7
	2.1
	2.4
	 

	n28
	0.3
	0.6
	0.8
	0.8
	2.3
	2.7
	 

	n71*
	0.1
	0.1
	0.9
	2.0
	2.2
	2.3
	2.4

	n85
	0.8
	0.8
	2.4
	 
	 
	 
	 

	n105*
	0.1
	0.1
	0.8
	1.8
	2.0
	2.1
	2.2


*For n71 and n105, a 5dB improved duplexer isolation and rejection is accounted for as was agreed upon for the REFSENS evaluation.
proposed RSD for 2Tx PC2 FDD bands
Based on results in chapter 2.2:
Proposal 2 on 1Tx PC2 RSD: values in Table 7 and 8 are used to capture the PC2 FDD bands 2Tx PC2 RSD in 38.101-1
Table 7: proposed RSD values for mid-bands
	CBW[MHz]
	5
	10
	15
	20
	25
	30
	35
	40
	45

	n2
	1.4
	1.7
	1.8
	1.3
	1.5
	5.4
	5.4
	5.9
	 

	n25
	1.0
	1.3
	1.4
	1.5
	1.7
	5.6
	5.5
	6.1
	6.4

	n66
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0


Table 8: proposed RSD values for mid-bands
	CBW[MHz]
	5
	10
	15
	20
	25
	30
	35

	n5
	1.0
	1.3
	1.8
	5.1
	5.5
	 
	 

	n8
	0.8
	1.0
	1.5
	5.1
	 
	 
	6.6

	n13
	1.7
	1.7
	 
	 
	 
	 
	 

	n26
	0.9
	1.2
	1.7
	4.4
	5.5
	6.2
	 

	n28
	1.0
	1.4
	1.8
	2.4
	5.9
	6.9
	 

	n71*
	0.3
	0.4
	1.5
	4.7
	5.1
	5.3
	5.6

	n85
	1.7
	1.7
	6.2
	 
	 
	 
	 

	n105*
	0.2
	0.3
	1.4
	4.3
	4.6
	4.9
	5.1


* For n71 and n105, a 5dB improved duplexer isolation and rejection is accounted for as was agreed upon for the REFSENS evaluation.

Beyond the RSD evaluation we also studied the NS and A-MPR requirements applicable to the PC2 FDD bands and make the following proposal.

Proposal 3:
· Proponent of PC2 FDD bands need to confirm which NS applies and for which channel bandwidths. Especially when CBW is larger than the current specification supports for PC3.
· An FDD PC2 band cannot be considered complete if the A-MPR specification is not finalized.
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noise degradation due to Tx noise: Main/Div [dB] 0.6 0.2 0.6 0.2 0.6 0.2 0.6 0.2 0.6 0.2 0.6 0.2 3.0 1.0 7.8 3.5 8.4 4.0 10.1 5.2

noise degradation due to Tx noise: Main/Div [lin] 1.1 1.0 1.1 1.0 1.1 1.0 1.1 1.0 1.1 1.0 1.1 1.0 2.0 1.2 6.0 2.3 7.0 2.5 10.3 3.3

REFSENS degradation after MRCuncor [dB]

REFSENS degradation after MRC cor [dB]

PC2 2Tx interference levels: direct/coupled [dBm] -101.3-101.3 -98.0 -98.0 -96.1 -96.1 -94.7 -94.7 -93.4 -93.4 -92.2 -92.2 -83.8 -83.8 -76.5 -76.5 -75.3 -75.3 -73.0 -73.0

noise degradation due to Tx noise: Main/Div [dB] 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.7 3.3 3.3 7.9 7.9 8.5 8.5 10.2 10.2

noise degradation due to Tx noise: Main/Div [lin] 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 2.1 2.1 6.1 6.1 7.1 7.1 10.4 10.4

REFSENS degradation after MRCuncor [dB]

REFSENS degradation after MRC cor [dB]
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