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1. Introduction
In this document, we evaluate the issues associated with simultaneous RX/TX operation of CA_n78-n104.
2. Discussion
In the last meeting, WF was agreed for CA_n78-n104 [1]. Pursuant to the agreements on test points and procedure, we re-submit contribution with additional information for MSD.
2.1.1.  Filtering and Architecture
This discussion will focus on simultaneous operation. In the last contribution [2], 3 filtering options were presented as shown in Figure 2.1-1. They are as follows:
· Filter option 1 (n46U+n96U): Most economical full band 5.150-7.125G Filter
· Filter option 2 (n96U = n102U+n104L): 5.925-7.125G Filter

· Filter option 3 (n104L only): 6.425-7.125G Filter
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Figure 2.1-1: Filtering Options
For the REFSENS exception analysis, we focus on filtering option 1 since this is the most cost-effective option from the UE standpoint. For the UHB filtering option, we will assume that n77 and n78 will share a common filter for the same reason. Furthermore, allowing the co-banding option 1 for both the UHB and 5-7GHz band groups reduces the need to increase ΔTIB and ΔRIB. The disadvantage of option 1 is the coexistence performance between n102U and n104. Option 3 analysis could also be presented. But option 3 restricts UE operation based on a specific region and would not permit global use of n96U.
Observation 1: The co-banding filtering option 1 for both the UHB and 5-7GHz band groups reduces the need to increase ΔTIB and ΔRIB for simultaneous RX/TX operation if ample MSD is provided. The disadvantage of option 1 is the coexistence performance between n102U and n104.
The architecture for MSD analysis is shown in Figure 2.1-2. So, in this case, due to the co-banding approach, no-diplexer option is chosen due to compromising antenna performance to support both bands on the same antenna. Support of n79 via UHB antenna as well as all bands >5.15GHz via the 6GHz antenna is still possible with this architectural approach as agreed in the WF. To support the mandatory 4RX/CC, a total of 8 antennas is required to support the CA band combination for best radiated performance.
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Figure 2.1-2: Architecture chosen for MSD analysis.
2.1.2.  MSD
For this band combination, there are 3 types of REFSENS exceptions: Cross band noise in both directions, 2nd RXLO Harmonic Mixing, and 2nd TX UL Harmonic.

Cross Band Noise:

There is no change since the last contribution. The only change is that there is no dual filter since the antenna is not shared by both bands. The Filtering assumptions are listed in Table 2.1.2-1 with MSD analysis shown in section 4.1 along with the MSD proposal in Table 2.1.2-2.

	UHB Filter
	Value

	n78 TX OOB rejection at n104 RX
	-25

	n104 TX rejection at n78 RX (shared RX/TX)
	-25

	n104 TX rejection at n78 RX 
	-25

	
	

	5-7GHz Filter
	Value

	n104 TX OOB rejection at n78 RX
	-30

	n78 TX rejection at n104 RX (shared RX/TX)
	-30

	n78 TX rejection at n104 RX 
	-30


Table 2.1.2-1: Filtering Assumptions

Proposal 1: Consider Cross band noise MSD in Table 2-1.2-2
Table 2-1.2-2: Reference sensitivity exceptions (MSD) and uplink/downlink configurations due to cross band isolation from a PC3 aggressor NR UL band for NR CA FR1
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band

Interference

source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n104
	n78
	6475
	100
	30
	270 (RBstart=0)
	3795
	10
	[17.2]
	>ACLR2

	n78
	n104
	3750
	100
	30
	270(RBstart=3)
	6435
	20
	[10.3]
	>ACLR2


2nd TX UL Harmonic:
In the last contribution, it was decided that H2 should not be tested due to potentially large level, lower PCB isolation levels, and lack of adequate TX OOB filtering.  In the WF, it was decided to first evaluate the H2 before deciding whether to specify the MSD. The H2 direct hit and near miss is calculated as shown in the diagram. The procedure for H2 direct hit and near miss is shown in Figure 2.1.2-1. The figure shows the H2 effect without the thermal and cross-band noise. The analysis is shown in section 4.2. The near miss contribution due to the 2nd harmonic adds to the cross-band noise.
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Figure 2.1.2-1: H2 Direct Hit and Near Miss Procedure
Observation 2: Near Miss H2 MSD is negligible compared to the cross-band noise MSD. It maybe preferred not to specify the near-miss MSD or include the cross-band noise MSD in the near miss H2 calculation. The latter is chosen in this contribution.
Proposal 2: Define H2 direct hit and near miss MSD as shown in Table 2.1.2-3.
Table 2.1.2-3: Reference sensitivity exceptions and uplink/downlink configurations due to UL harmonic from a PC3 aggressor NR UL band for NR DL CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	n78
	n104
	10
	[15]
	[50 (RBstart=0)]
	20
	[38.7]
	NOTE 2
	UL2/DL1

direct-hit

	n78
	n104
	10
	[15]
	[50 (RBstart=0)]
	20
	[10.6]
	NOTE 6
	UL2/DL1

Near-miss


2nd RXLO Harmonic Mixing:

There are no changes in the harmonic mixing MSD compared to the last contribution. The analysis is shown in section 4.3 and includes the effect of the cross-band noise which is more significant compared to the cross-band noise. As with the near-miss 2nd harmonic, it is preferred to add the cross-band noise MSD to the harmonic mixing MSD.
Observation 3: Harmonic Mixing MSD includes the effect of the Cross Band noise.

Proposal 3: Consider 2nd harmonic mixing MSD in Table 2.1.2-4.
Table 2.1.2-4: Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC3 aggressor NR UL band for DL NR CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	n104
	n78
	5
	15
	25 (RBstart=0)
	10
	[17.6]
	NOTE 7
	UL1/DL2

	n104
	n78
	20
	15
	100 (RBstart=0)
	100
	[9.9]
	NOTE 7
	UL1/DL2

	NOTE 7:
The requirements should be verified for UL NR-ARFCN of the aggressor (higher) band (superscript HB) such that 
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3. Conclusion
Observation 1: The co-banding filtering option 1 for both the UHB and 5-7GHz band groups reduces the need to increase ΔTIB and ΔRIB for simultaneous RX/TX operation if ample MSD is provided. The disadvantage of option 1 is the coexistence performance between n102U and n104.

Proposal 1: Consider Cross band noise MSD in Table 2-1.2-3
Observation 2: Near Miss H2 MSD is negligible compared to the cross-band noise MSD. It maybe preferred not to specify the near-miss MSD or include the cross-band noise MSD in the near miss H2 calculation. The latter is chosen in this contribution.
Proposal 2: Define H2 direct hit and near miss MSD as shown in Table 2.1.2-3.

Observation 3: Harmonic Mixing MSD includes the effect of the Cross Band noise.

Proposal 3: Consider 2nd harmonic mixing MSD in Table 2.1.2-4.
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4. Appendix
4.1.  Cross Band Noise Analysis
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TX_IM2 -78.0 -78.0 -84.0 -84.0

Tx_noise -90.0 -90.0 -82.0 -82.0

TX_total -77.7 -77.7 -79.9 -79.9

Thermal Noise -91.8 -91.8 -86.7 -86.7

Composite -77.6 -77.6 -79.1 -79.1

MRC -78.65 -80.4406

REFSENS_ideal -95.8 -90.7

MSD

17.2 10.3

n104 TX -> n78 RX n78 TX -> n104 RX

CrossBand Noise


Table 4-1: MSD Analysis

4.2.  UL Harmonic Analysis
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I TX 0OB and IM2 noise, dBm 799 799
H2-comp, dBm 510 7510 | 900 000 | 795 795
| Thermal, dBm 867 867 | -867 867 | 867 867
|Comp, dBm 510 510 | 850 850 | 787 787
MRC, dBm 520 878 -80.1
REFSENS, dBm 007 007 007
MsD, dB 387 29 106





Table 4-2: Analysis for Direct Hit and Near Miss with and without Cross-band noise

4.3.  Harmonic Mixing Analysis
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Table 4-3: MSD Analysis with Harmonic Mixing
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