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Introduction
MSD analysis for Harmonic, Harmonic mixing, and Cross-band interference for CA_n78A-n104A is provided in this contribution.
1. WF from RAN4#109
WF for this combination was agreed in RAN4#110 [1]:
TX/RX concurrency
<Way forward>: 
· Companies are encouraged to provide analysis for Harmonic MSD, Harmonic Mixing MSD, and Cross-band MSD for simultaneous TX/RX
· Companies are encouraged to evaluate ΔTIB and ΔRIB impacts using different RF filtering attenuation assumptions and the ΔTIB and ΔRIB difference between Simultaneous and non-simultaneous TX/RX

RF filter frequency ranges
<Way forward>:
· n78 RF filter frequency range is 3300-4200 MHz in this analysis
· n104 RF filter frequency range has three alternatives in this analysis
o	5150-7125 MHz
o	5925-7125 MHz
o	6425-7125 MHz
· Companies are encouraged to also discuss potential limitations in features and use cases related to antenna and RF front end architectures

2. Discussion
RF architecture:
n78 UE is equipped with 4RX antennas as baseline, and same holds for n104 with some TBD conditions according to current TS38.101-1. MSD requirements (RF Exceptions) are specified for 2RX, and then the REFSENS is scaled for the 4RX case.
To keep figures a bit simpler, we discuss just the case for which the MSD requirements are specified. 
[image: ]
[bookmark: _Ref158979497][bookmark: _Ref158979482]Figure 1 RF Architecture examples

In Figure 1 above we show three different cases from RF antenna perspective for deriving MSD requirements: 4-antenna, 3-antenna, and 2-antenna. We note that there is no “One solution fit’s all” -type of architecture as OEM’s each have their own preferences. We also want to point out that figures above only contain two antennas for n78 and two antennas for n104; In real UE’s 78 has four antennas and n104 may have four antennas as well. Hence there is almost infinite number of options how to implement CA n78-n104 using 4RX for both n78 and n104. 
WF included three different frequency ranges for n104 RF filter;
 o	5150-7125 MHz
o	5925-7125 MHz
o	6425-7125 MHz
Uppermost would include n46, 5GHz/6GHz WiFi, n96, and n104. Middle-one would include n102, 6GHz WiFi, n96 and n102. Lowermost would include Part of 6GHz WiFi and n104. Even the frequency ranges vary quite significantly, the attenuations at n78 range are estimated to be roughly similar. The IL at low edge of the pass-band is probably impacted the more wider the filter is, however the IL impact within n104 frequency range is quite limited.
We evaluated four different MSD cases with each RF Architecture shown in Figure 1.
1) Harmonic interference with n78 UL H2 hitting n104DL
2) Harmonic mixing interference with n104 UL hitting 2x 78DL
3) Cross-band interference with n78 UL interfering n104 DL
4) Cross-band interference with n104 UL interfering n78 DL

Table 1 Parameters used in the analysis
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[bookmark: _Ref158980007]Table 2 MSD evaluation results
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The MSD results in Table 2 for each MSD type vary quite a bit between different RF architectures. In case 1, there is no additional multiplexing attenuation in addition to n78 and n104 bandpass filters and antenna isolation. Even that represents “worst case” from MSD perspective it might not be the best alternative to be used in MSD specification because it would, in 4RX environment, mean total of 8 antennas for n78-n104 which is not typical in smartphones. Like at least some of the antennas are shared, meaning there is antenna multiplexing attenuation available for at least one of the antennas for both n78 and n104.
At high frequencies (n78, n104), the actual transmission power at the antenna connector is clearly one of the most important parameters, to maximize the coverage. Insertion loss for n78-n104 diplexer is roughly 0.6dB for n78 and roughly 1dB for n104. Insertion loss for n78 H2 trap could be 0.3…0.5dB. It would be preferable to avoid “mandatory” antenna multiplexing and/or H2 trap in the antennas used for TX in 3GPP specifications. Of course, having such additional filtering would help to drive 3GPP MSD into lower level, however it might also force to use those in real designs causing negative impact to TX power. It should also be recognized that the Harmonic MSD would be very high from practical point of view no matter it is 31.1dB or 44.9dB. If the direct-hit H2 MSD is 44.9dB, the respective near-miss case assuming 30dBc ACLR would be 16.2dB.
We suggest specifying CA_n78A-n104A MSD requirements using Case 2 – architecture. In our view this option represents good middle ground MSD-wise. In addition, importantly, this case also represents rather likely antenna architecture in real devices with 4RX antennas for both bands in the sense that it is unlikely there would be total of eight antennas for 3.5GHz and 6GHz bands – mostly likely at least some of those antennas are shared.
For simultaneous TX/RX we estimate 0.8dB ΔTIB and ΔRIB for n78 and 1.0dB ΔTIB and ΔRIB for n104. For RX paths, this is aligned with multiplexing loss as well as potential other loss due to antenna placement issues as n78 and n104 may be in different RFFE modules causing routing losses, potential losses to exceed assumed RX filter attenuations at aggressor TX frequency, and lastly for n104 to account possible larger IL if n104 filter covers even 5GHz WiFi starting at 5150. For TX paths, this proposal gives allowance for antenna multiplexing to e.g. share TX antenna with lower frequency cellular bands or with WiFi, and/or for TX H2 trap at n78 antenna.
Non-simultaneous TX/RX is a lot more restrictive and, in our view, should not be specified. For non-simultaneous TX/RX we estimate 0.5dB ΔTIB and ΔRIB for n78 and 0.8dB ΔTIB and ΔRIB for n104. For RX paths, this is aligned with multiplexing loss as well as potential other loss due to antenna placement issues as n78 and n104 may be in different RFFE modules causing routing losses, and for n104 to account possible larger IL if n104 filter covers even 5GHz WiFi starting at 5150. For TX paths, this proposal gives allowance for antenna multiplexing to e.g. share TX antenna with lower frequency cellular bands or with WiFi.
3. Conclusion
MSD analysis using different RF architecture options for CA_n78A-n104A was provided with the following proposals.
Proposal 1: Use the following MSD exceptions for CA_n78A-n104A
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
	44.9
	NOTE 2
	UL2/DL1
direct-hit

	n78
	n104
	10
	15
	50 (RBstart=0)
	20
	16.2
	NOTE 6
	UL2/DL1
Near-miss



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
	20
	15
	50 (RBstart=0)
	10
	24.5
	NOTE 7
	UL1/DL2



Reference sensitivity exceptions and uplink/downlink configurations due to cross-band isolation from a PC3 aggressor NR UL band for DL 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
	4.3
	>ACLR2

	n78
	n104
	3750
	100
	20
	270 (RBstart=3)
	6435
	20
	4.8
	>ACLR2



Proposal 2: Specify CA_n78A-n104A assuming simultaneous TX/RX
Proposal 3: Use the following ΔTIB and ΔRIB for CA_n78A-n104A
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n78A-n104A
	n78
	0.8
	0.8

	
	n104
	1.0
	1.0



4. Reference
[1] R4-2321930, “WF on CA_n78A-n104A”, Qualcomm France

5. Appendix
Case 1 calculations:
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Case 2 calculations:
[image: ]
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Case 3 calculations:
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