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1. Introduction
In last RAN plenary meeting, RAN approved WF on high power UE (power class 2) for one NR FDD band as follow
1. SAR Scheme 
· Agreement: P-MPR is the baseline SAR solution. 
· Companies are encouraged to study and conclude on how to apply duty cycle concept in FDD bands in next meetings.

2. System simulation study 
· Identify the criteria to justify the benefit/performance gain of introducing PC2 on FDD bands
· System performance gain of FDD PC3 vs PC2
· System performance gain of TDD PC3 vs PC2 assuming the same frequency carrier with n1 or n3.

3. Interference & Co-existence issues.
· Interference Issues:
i. Agreement: RAN4 can study receiver sensitivity degradation due to high max. out power and Tx/Rx isolation levels according to RF component performance in both n1 and n3 FDD bands.
ii. Companies are encouraged to bring analyses on receiver sensitivity degradation in next meeting.
· Co-existence Issues:
iii. Agreement: Co-existence results in TR36.886 can be reused for FDD HPUE.
iv. Applicability of the co-existence results for RF component of FDD HPUE can be further evaluated.

4. UE implementation issues.
· Agreement: Both 1Tx and 2Tx architecture need to be studied during SI phase.
· Companies are allowed to make assumptions on 26dBm duty cycle [and other aspects influencing the reliability and thermal aspects for the components]. 23dBm long term average power is assumed.
· Notes: Other aspects influencing the reliability and thermal aspects for the components need further input.
· Companies are encouraged to bring analyses and RF component feasibility evaluations for each UE architecture (i.e. 1Tx and 2Tx).

In this contribution, we propose the initial results for Receiver sensitivity degradation considering with current status of RF component performance for FDD band for n1 and n3 NR UE in Rel-17.
2. Analysis on the receiver sensitivity by PC2 UE in FDD band
In this section, we take a look at the RF component performance in FDD band such as n1/n3. 
To derive sensitivity degradation in n1/n3, we assume the current RFIC characteristics and Duplexer & PA characteristics in each NR band.

In Table 1, we summary the current RF component characterics according to each NR band.
Table 1. RF parameters according to each NR band
	parameters
	NR n1 band
	NR n3 band

	Total NF (dB)
	9.00
	9.00

	RFIC Noise for Rx band (dBm/Hz)
	-153
	-150

	PA Noise for Rx band (dBm/Hz)
	-125
	-122

	PA Gain for Rx band (dB)
	28
	28

	Duplexer Tx/Rx isolation (dB)
	53
	49

	RF Front-End Loss (dB)
	4
	4

	Diversity gain (dB)
	3
	3

	Antenna isolation (dB)
	10
	10



We think the receiver sensitivity will be impacted by duplexer isolation levels and increasing noise level by RFIC and PA for Rx band at antenna connector based on PC3 REFSENS requirements in each FDD bands.
[bookmark: _GoBack]Hence, we derived the receiver sensitivity degradation based on the increasing noise level in Rx band by duplexer isolation and RFIC/PA noise for PC2 transmission in FDD band.
The following REFSENS is for PC3 UE in n3 FDD NR band as reference point.
Table 2. REFSENS reference for PC3 UE in each NR band
	
	NR n1 band
	NR n3 band

	
	Main path
	Diversity path
	Main path
	Diversity path

	C/N requirement (dB)
	-1.00
	-1.00
	-1.00
	-1.00

	Noise floor at Antenna connector(dBm/Hz)
	-165.0
	-165.0
	-165.0
	-165.0

	Total NF(RFFE lL + RF NF)  (dB)
	9.00
	9.00
	9.00
	9.00

	RFIC RX Band Noise level at Antenna connector (dBm/Hz)
	-170.5
	-180.5
	-161.5
	-171.5

	PA RX Band Noise level at Antenna connector (dBm/Hz)
	-170.5
	-180.5
	-161.5
	-171.5

	Total RXBN at Antenna connector (dBm/Hz)
	-163.1
	-164.7
	-157.6
	-163.4

	Sensitivity with RXBN (PC3 max Tx power)(dBm) *10MHz BW
	-94.1
	-95.7
	-88.6
	-94.4

	After MRC
	-98.0 (1.2dB margin)
	-95.4 (1.6dB margin)



2.1 Dorminent factor by Duplexer Tx/Rx isolation in each FDD band
In last RAN4 meeting, we provided that the existing PA for FDD band need to improve the linearity of maximum output power at least 3dB higher than current PA characteristics. Also duplexer aspect, filter vendor need to enhanced the Tx/Rx isolation level to guarantee the existing REFSENS or to relax desense impact. But it is also challenge to filter vendors for small Tx/Rx frequency gap such as Band 3 or NR band n3.

So, we just asumed 2dB Tx/Rx isolation levels by 3dB Transmission power increasing would be impacted the sensitivity degradation compare to PC3 duplexer in n3.
In Table 3, we shown the expected sensitivity degradation levels by decreasing 2dB isolation level in duplexer characteristics.

Table 3. Sensitivity degradation by duplexer isolation 2dB relaxation
	
	NR n1 band
	NR n3 band

	
	Main path
	Diversity path
	Main path
	Diversity path

	C/N requirement (dB)
	-1.00
	-1.00
	-1.00
	-1.00

	Noise floor at Antenna connector(dBm/Hz)
	-165.0
	-165.0
	-165.0
	-165.0

	Total NF(RFFE lL + RF NF)  (dB)
	9.00
	9.00
	9.00
	9.00

	RFIC RX Band Noise level at Antenna connector (dBm/Hz)
	-168.5
	-178.5
	-159.5
	-169.5

	PA RX Band Noise level at Antenna connector (dBm/Hz)
	-168.5
	-178.5
	-159.5
	-169.5

	Total RXBN at Antenna connector (dBm/Hz)
	-162.2
	-164.6
	-155.9
	-162.6

	Sensitivity with RXBN (PC3 max Tx power)(dBm) *10MHz BW
	-93.2
	-95.6
	-86.9
	-93.6

	After MRC
	-97.6 dBm  0.4dB MSD is needed
	-94.5 dBm  0.9dB MSD is needed



Observation 1: In n3 FDD band, the 0.9 dB MSD is needed when Duplexer isolation charateristic is decreased 2dB compare to current filter characteristics.
Observation 2: In n1 FDD band, the 0.4dB MSD is needed when Duplexer isolation charateristic is decreased 2dB compare to current filter characteristics.

2.2 Dorminent factor by RFIC/PA noise levles in Rx band
In this section, we consider the increased noise level in Rx band by RFIC/PA operation in FDD band. Eventhough filter vendor try to keep or enhance the the current Tx/Rx isolation level in duplexer for each FDD band, the raised leakage problem in Rx band also shall be considered.
Observation 3: Eventhough duplexer isolation level keep or enhance the Tx/Rx isolation level, the raised leakage problem in Rx band by RFIC/PA operation in FDD band will be impacted to the sensitivity degradation in FDD band.

When we consider 3dB Tx power boosting, the noise level could be increased by RFIC/PA operation in Rx band. So we assumed about 1.5dB noise level increasing in Rx band to derive the expected MSD level according to each FDD band.

Table 4. Sensitivity degradation by increasing noise level (1.5dB) by RFIC/PA in Rx band
	
	NR n1 band
	NR n3 band

	
	Main path
	Diversity path
	Main path
	Diversity path

	C/N requirement (dB)
	-1.00
	-1.00
	-1.00
	-1.00

	Noise floor at Antenna connector(dBm/Hz)
	-165.0
	-165.0
	-165.0
	-165.0

	Total NF(RFFE lL + RF NF)  (dB)
	9.00
	9.00
	9.00
	9.00

	RFIC RX Band Noise level at Antenna connector (dBm/Hz)
	-169.0
	-179.0
	-160.0
	-170.0

	PA RX Band Noise level at Antenna connector (dBm/Hz)
	-169.0
	-179.0
	-160.0
	-170.0

	Total RXBN at Antenna connector (dBm/Hz)
	-162.4
	-164.7
	-156.4
	-162.9

	Sensitivity with RXBN (PC3 max Tx power)(dBm) *10MHz BW
	-93.4
	-95.7
	-87.4
	-93.9

	After MRC
	-97.7 dBm  0.3dB MSD is needed
	-94.7 dBm  0.7dB MSD is needed



The expected MSD degradations are almost same as Duplexer isolation degradation as shown in Table 4.
Observation 4: In n3 FDD band, the 0.7 dB MSD is needed when assume noise level might be increased about 1.5dB in Rx band by RFIC/PA operation.
Observation 5: In n1 FDD band, the 0.3dB MSD is needed when assume noise level might be increased about 1.5dB in Rx band by RFIC/PA operation.

2.3 Dorminent factor by Duplexer and RFIC/PA noise levles in Rx band
In here we consider worst case for MSD analysis that means the duplexer isolation could not keep and enhanced such as in n3 FDD band due to small Tx/Rx frequency gap.
Then, above Duplexer performance decreasing and the noise level in Rx band will be increased in RFIC by 3dB Tx power increasing for PC2 UE in FDD band. So, the above two factor will be impacted in the receiver sensitivity degradation in FDD band.
In Table 5, we provided the expected sensitivity degradation by considering the duplexer characteristics and incresed noise level in Rx band by RFIC/PA operation.
Table 5. Sensitivity degradation by duplexer isolation (2dB relaxation) & incresed noise level (1.5dB) in Rx band by RFIC/PA operation
	
	NR n1 band
	NR n3 band

	
	Main path
	Diversity path
	Main path
	Diversity path

	C/N requirement (dB)
	-1.00
	-1.00
	-1.00
	-1.00

	Noise floor at Antenna connector(dBm/Hz)
	-165.0
	-165.0
	-165.0
	-165.0

	Total NF(RFFE lL + RF NF)  (dB)
	9.00
	9.00
	9.00
	9.00

	RFIC RX Band Noise level at Antenna connector (dBm/Hz)
	-167.0
	-177.0
	-158.0
	-168.0

	PA RX Band Noise level at Antenna connector (dBm/Hz)
	-167.0
	-177.0
	-158.0
	-168.0

	Total RXBN at Antenna connector (dBm/Hz)
	-161.5
	-164.5
	-154.6
	-162.0

	Sensitivity with RXBN (PC3 max Tx power)(dBm) *10MHz BW
	-92.5
	-95.5
	-85.6
	-93.0

	After MRC
	-97.2 dBm  0.8dB MSD is needed
	-93.7 dBm  1.7dB MSD is needed



Based on the expected RF component degradation, we share our observation and proposal as follow
Observation 6: In n3 FDD band, the 1.7 dB MSD is needed when both Duplexer isolation charateristic (2dB relaxation) and increased noise level (1.5dB) in Rx band by RFIC/PA operation for PC2 FDD UE.
Observation 7: In n1 FDD band, the 0.8dB MSD is needed when both duplexer isolation charateristic (2dB relaxation) and increased noise level (1.5dB) in Rx band by RFFIC/PA operation for PC2 FDD UE.

Proposal 1: To reduce the sensitivity degradation in n3/n1 band, filter vendor shall keep or enhance the duplexer Tx/Rx isolation level.
Proposal 2: RAN4 need to hear of RF component vendor’s opinions when they can support the enhanced RF component performance such as RFIC, duplexer and PAs to support PC2 UE in FDD band.
Proposal 3: RAN4 can further study for sensitivity degradation requirements when RF component vendor provide these commercial Duplexer, PAs and RFICs for PC2 UE in FDD band. The above MSD results can be considered as baseline to derive MSD requirements in WI phase.

3. Conclusion
Based on the analysis of receiver sensitivity degradation for PC2 UE in FDD band, we share our observation and proposal as follow
Observation 1: In n3 FDD band, the 0.9 dB MSD is needed when Duplexer isolation charateristic is decreased 2dB compare to current filter characteristics.
Observation 2: In n1 FDD band, the 0.4dB MSD is needed when Duplexer isolation charateristic is decreased 2dB compare to current filter characteristics.
Observation 3: Eventhough duplexer isolation level keep or enhance the Tx/Rx isolation level, the raised leakage problem in Rx band by RFIC/PA operation in FDD band will be impacted to the sensitivity degradation in FDD band.
Observation 4: In n3 FDD band, the 0.7 dB MSD is needed when assume noise level might be increased about 1.5dB in Rx band by RFIC/PA operation.
Observation 5: In n1 FDD band, the 0.3dB MSD is needed when assume noise level might be increased about 1.5dB in Rx band by RFIC/PA operation.
Observation 6: In n3 FDD band, the 1.7 dB MSD is needed when both Duplexer isolation charateristic (2dB relaxation) and increased noise level (1.5dB) in Rx band by RFIC/PA operation for PC2 FDD UE.
Observation 7: In n1 FDD band, the 0.8dB MSD is needed when both duplexer isolation charateristic (2dB relaxation) and increased noise level (1.5dB) in Rx band by RFFIC/PA operation for PC2 FDD UE.

Proposal 1: To reduce the sensitivity degradation in n3/n1 band, filter vendor shall keep or enhance the duplexer Tx/Rx isolation level.
Proposal 2: RAN4 need to hear of RF component vendor’s opinions when they can support the enhanced RF component performance such as RFIC, duplexer and PAs to support PC2 UE in FDD band.
Proposal 3: RAN4 can further study for sensitivity degradation requirements when RF component vendor provide these commercial Duplexer, PAs and RFICs for PC2 UE in FDD band. The above MSD results can be considered as baseline to derive MSD requirements in WI phase.
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