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1. Introduction
This contribution is a text proposal to introduce PC1.5 n77 for DL CA_n25A-n77A, and also to correct the PC2 MSD. 
The initial MSD for harmonic mixing of PC2 n77 into n25 was copied from the harmonic mixing of PC2 n77 into n2. However, this seems to have based on adding 3dB to the PC3 MSD, at least for 10, 15 and 20 MHz channel bandwidths. Since the interference is increased by 3 dB but not the Noise, we think this leads to a pessimistic calculation of MSD. In other PC2 and PC1.5 MSD analysis, T-Mobile USA has been using calculations that increase the Interference by 3dB, but not the noise. This contribution proposes new MSD values for PC2 n77 into n25 and explains the rationale. 
There is no PC3 cross band isolation of n77 into n25, but it was proposed to start with n77 PC2 MSD into n41 and derate to estimate MSD for PC2 n77 into n25. 1.5 dB of cross band isolation MSD is proposed for n77 PC1.5 into n25, and 3 dB of MSD for PC1.5 n77 into n25. 
Table 5.14.1-1 is updated with Note 9 for PC1.5, and also with Note 8 for PC2, which reflects what is in 38.101-1 already. 
Rev1 updates the PC2 cross-band isolation MSD for n77 into n25 from 1.5 dB to 1.0 dB, and the PC1.5 MSD from n77 into n25 from 3.0 dB to 1.8 dB. This revision also adds harmonic mixing MSD for 25, 30 and 40 MHz n25 victim bandwidths, including the missing values for PC3.
Rev2 updates the PC2 harmonic mixing MSD for PC3 for 25, 30 and 40 MHz to match that already agreed in R4-2201094. Then, new harmonic mixing MSD for PC2 and PC1.5 are also calculated for 25, 30 and 40 MHz. 
2. Reference
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3. Text Proposal

<Start of text proposal>
[bookmark: _Toc73361283][bookmark: _Toc64892695]5.15		CA_n25-n77
[bookmark: _Toc64892696][bookmark: _Toc73361284]5.15.1	Configurations
Table 5.15.1-1: NR CA configurations and bandwidth combinations sets for supporting power class 2 
	NR CA configuration
	Uplink CA configuration
	NR Band
	5 MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90 MHz
	100 MHz
	Bandwidth combination set

	CA_n25A-n77A
	n778,9,
CA_n25A-n77A8
	n25
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	
	0

	
	
	n77
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	n25
	5
	10
	15
	20
	25
	30
	40
	
	
	
	
	
	
	1

	
	
	n77
	
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100
	

	NOTE 8: 	Power Class 2 is allowed for this uplink combination or single uplink carrier in this downlink/uplink combination
NOTE 9: 	Power Class 1.5 is allowed for this single uplink carrier in this downlink/uplink combination



[bookmark: _Toc64892697][bookmark: _Toc73361285]5.15.2	Maximum output power
Table 5.15.2-1 UE Power Class 2 for uplink inter-band CA (two bands)
	Uplink CA configuration
	Power class 2 cases for CA_n25A-n77A
	CA power class
	Carrier n25 power class
	Carrier n77 power class

	CA_n25A-n77A
	Case a
	26dBm
	23dBm
	23dBm

	
	Case b
	26dBm
	23dBm
	26dBm


The tolerance +2/-3 dB is applied. Also when the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB.

[bookmark: _Toc64892698][bookmark: _Toc73361286]5.15.3	REFSENS requirements
According to the PC3 CA_n25A-n77A study, the 2nd harmonic mixing products from band 2 may fall into band n77 UL frequency range. And, the 2nd, 4th and 5th order IMD products generated by dual uplink from both band 2 and band n77 may fall into band 2 Rx frequency range. Thus additional MSD should be considered to mitigate the impact of the interference for PC2 CA_n25A-n77A combination.

[bookmark: _Toc64892699][bookmark: _Toc73361287]5.15.3.1	Power class 2 Case A
The MSD due to receiver harmonic mixing for PC2 Case A are same as PC3 CA_n25A-n77A.However, for PC3, the n25 victim bandwidths greater than 20 MHz are missing. The highlighted values for 25, 30 and 40 MHz have been proposed by Qualcomm for 25, 30 and 40 MHz. 
Table 5.15.3.2-0: Reference sensitivity exceptions (MSD) due to receiver harmonic mixing for NR CA  in NR FR1 due to PC3 n77 UL
	
	NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5
MHz (dB)
	10 
MHz (dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	70 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n77
	n25
	6.7
	5.0
	4.0
	3.7
	3.4
	2.4
	1.1
	
	
	
	
	
	



The additional MSD due to intermodulation for PC2 CA_n25A-n77A are defined in table 5.15.3.1-1. These were copied from the PC2 MSD for CA_2A-n77A in 5.5. 
Table 5.15.3.1-1: MSD test points for PCell due to dual uplink operation for PC2 NR CA in NR FR1 (two bands)
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n25-n77
	n25
	1855
	5
	25
	1935
	32.10
	FDD
	IMD2

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n25
	1900885
	5
	25
	198065
	19.10
	FDD
	IMD44

	
	n77
	372690
	10
	50
	372690
	N/A
	TDD
	N/A

	NOTE 4:	This band is subject to IMD5 also which MSD is not specified.



[bookmark: _Toc64892700][bookmark: _Toc73361288]5.15.3.2	Power class 2 Case B
The additional MSD due to receiver harmonic mixing for Case B are defined in table 5.15.3.2-1. Initially, the MSD due to harmonic mixing for Case B was copied from n2:
Table 5.15.3.2-1: Reference sensitivity exceptions (MSD) due to receiver harmonic mixing for NR CA  in NR FR1 (based on n77UL, n2DL)
	
	NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5
MHz (dB)
	10 
MHz (dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	70 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n77
	n25
	9.1
	8.0
	7.0
	6.7
	
	
	
	
	
	
	
	
	



However, for 10, 15 and 20 MHz it appears as if the PC2 MSDs were calculated by adding 3dB to the PC3 MSDs. The problem with that approach is that is that the sensitivity after MSD is based not only on I, but on N+I, where initial sensitivity is based on N alone. For PC3 MSD we have N+IPC3. For PC2 MSD we have N+IPC2. So for PC2 compared to PC3, I increases by 3 dB; I+N does not increase by 3dB. For our other PC2 and PC1.5 MSD analysis we have been using the following approach:
MSD due to interference power I is given by:
[image: ]
where N is the noise spectral density and BW is the bandwidth of the carrier. If the initial MSD is known,
then we have:
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If I is increased by X dB, then MSD(X) is given by
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Using that approach, the following is proposed as a revision for PC2 harmonic Mixing MSD:
Table 5.15.3.2-2: Reference sensitivity exceptions (MSD) due to receiver harmonic mixing for NR CA  in NR FR1 with PC2 n77 (revised)
	
	NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5
MHz (dB)
	10 
MHz (dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	70 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n77
	n25
	9.2
	7.3
	6.0
	5.7
	5.3
	3.9
	2.0
	
	
	
	
	
	



The additional MSD due to intermodulation for PC2 Case B CA_n25A-n77A are same as the Case A defined in table 5.15.3.1-1. 
Although no cross-band isolation MSD was identified for PC3 n77 into n25, it was suggested that for PC2 n77 cross band isolation into n41 be considered and de-rated. 
PC3 n77 into n41: MSD=4.5dB (note that there is 4.5dB for n78 into n40 too) => UL noise ~3dB above REFSENS
PC3 n77 into n25: MSD<1dB = “no MSD” => UL noise <-6dB below REFSENS => 9 dB below noise in n41 

PC2 n77 into n41: MSD=6.5dB => UL noise ~5.5dB above REFSENS
PC2 n77 into n25 => UL noise at 5.5-9=-3.5dB => ~1dB MSD
Table 5.15.3.2-3: Reference sensitivity exceptions (MSD) due to cross band isolation for PC2 n77 single band uplink into n25
	NR Band / Channel bandwidth of the affected DL band

	UL band
	DL band
	5
MHz (dB)
	10
MHz (dB)
	15
MHz (dB)
	20
MHz (dB)
	25
MHz (dB)
	30 MHz (dB)
	40 MHz (dB)
	50 MHz (dB)
	60 MHz (dB)
	70
MHz
(dB)
	80 MHz (dB)
	90 MHz (dB)
	100 MHz (dB)

	n77
	n25
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	
	
	
	
	
	



5.15.3.3	Single uplink power Class 1.5 
Comparing with PC2 CA_25A-n77A, additional MSD is expected for PC1.5 n77A single uplink due to higher Tx power in n77. The MSD was calculated by starting with MSD for PC3 and calculating the PC1.5 MSD using this equation, where X is set to 6 due to the 6dB increase in interference. 
[image: ]
The additional MSD due to receiver harmonic mixing for single uplink PC1.5 n77 are defined in table 5.15.3.3-1. 
Table 5.15.3.3-1: Reference sensitivity exceptions (MSD) due to receiver harmonic mixing for NR CA  in NR FR1 with PC1.5 single band UL
	
	NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5
MHz (dB)
	10 
MHz (dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	70 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n77
	n25
	11.9
	9.8
	8.5
	8.0
	7.6
	6.0
	3.3
	
	
	
	
	
	



Although no cross-band isolation MSD was identified for PC3 n77 into n25, it was suggested that for PC2 and PC1.5 n77 cross band isolation into n41 be considered and de-rated. The PC1.5 cross-band isolation MSD was calculated by starting with the 1.0 dB cross-band isolation MSD for PC2 from 5.15.3.2 and calculating the PC1.5 MSD using this equation, where X is set to 3 due to the 3dB increase in interference. 
[image: ]
The result is 1.8 dB.
Therefore, the following is proposed
Table 5.13.3.3-2: Reference sensitivity exceptions (MSD) due to cross band isolation for PC1.5 n77 single band uplink into n25
	NR Band / Channel bandwidth of the affected DL band

	UL band
	DL band
	5
MHz (dB)
	10
MHz (dB)
	15
MHz (dB)
	20
MHz (dB)
	25
MHz (dB)
	30 MHz (dB)
	40 MHz (dB)
	50 MHz (dB)
	60 MHz (dB)
	70
MHz
(dB)
	80 MHz (dB)
	90 MHz (dB)
	100 MHz (dB)

	n77
	n25
	1.8
	1.8
	1.8
	1.8
	1.8
	1.8
	1.8
	
	
	
	
	
	




[bookmark: _Toc47701541][bookmark: _Toc519110869][bookmark: _Toc69978630][bookmark: _Toc70600122][bookmark: _Toc70600206][bookmark: _Toc523749795][bookmark: _Toc523750860][bookmark: _Toc527979873][bookmark: _Toc531769356][bookmark: _Toc39585265][bookmark: _Toc39586608]
<End of text proposal>
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