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Introduction
In the RAN4#110 meeting, a WF [1] for CA_n78-n104 has been approved with the some way forwards for the supports of simultaneous Rx Tx, Antenna and front-end architecture, MSD test point.

	Way Forward: Simultaneous Rx Tx is supported for CA_n78-n104 2DL/2UL
Way Forward: The DeltaT/R and MSD requirements should enable implementions where:
· Use of 4 antennas to support mandatory 4Rx in both bands is not precluded
· FFS the duplexer/diplexer isolation between band n78 and n104 in main path.
· Support of the addition of n79 is is not precluded
· Support for the addition of unlicensed bands >5.15GHz is not precluded
· FFS the trade-off of the potential insertion loss between the addition and non-addition of unlicensed bands >5.15GHz
· NOTE: it doesn’t mean licensed band n104 need to share the same filter with unlicensed band n46/n96.

Way Forward: The following test points are further evaluated considering architecture aspect listed in topic 2:
	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
	FFS
	>ACLR2

	n78
	n104
	3750
	100
	30
	270 (RBstart=3)
	6435
	20
	FFS
	>ACLR2




Way Forward: The following test points are further evaluated and enabling architecture aspect listed in topic 2 and based on the consensus on the MSD value companies can further discuss if it is worth testing and specifying for both the direct hit and near miss cases.
	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
	FFS
	NOTE 2
	UL2/DL1
direct-hit

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



Way Forward: The following test is further evaluated considering architecture aspect listed in topic 2 :
	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
	FFS
	NOTE 7
	UL1/DL2



Way Forward: Delta T/R values shall enable reasonable implementations of CA_n78-n104 with other bands in the 3.3-7.125GHz range and considering architecture aspect listed in Topic 2.




In this paper, we’d like to provide our technical analysis on this band combination.
RF architecture
Since the frequency separation between band n78 (3300~3800MHz) and band n104 (6425~7125 MHz) is more than 2GHz, one possible way is to implement this combo by using separate antenna RF architecture as shown below for CA_n78-n104. If 1T4R/2T4R is supported for each band, the total number of antenna is up to 8.
[image: ]
figure 1 Separate antenna RF architecture 1 for CA_n78-n104
In addition, the diversity chain can be shared between band n78 and n104 as shown in figure 2. This implementation may increase the difficulties of diversity antenna design, but UE can reduce the antenna number for real implementation. If 1T4R is supported for each band, the total number of antenna is up to 5. If 2T4R is supported for each band, the total number of antenna is up to 6.
[image: ]
[bookmark: _Hlk157262968]figure 2 common antenna RF architecture 2 in diversity chain for CA_n78-n104
The third possible way is to share antenna in both main and diversity path for band n78-n104 as shown in figure 3. For non-simultaneous Rx/Tx capability, the challenge is from antenna design, which is similar to common antenna RF architecture 2 in diversity chain. However, if UE has to support simultaneous Rx/Tx capability, that means the duplexer between band n78 and n104 should be designed to achieve good isolation performance. If 1T4R/2T4R is supported for each band, the total number of antenna is up to 4.
[image: ]
figure 3 common antenna RF architecture 3 in both main and diversity chain for CA_n78-n104
[bookmark: _Hlk157271124]Generally, RAN4 assume 10~15 dB antenna isolation among different antennas. As the frequency range for both bands is higher than 3GHz and the frequency separation between two bands is larger than 2GHz, probably 15~20 dB antenna isolation between band n78 and n104 can be assumed. If common antenna RF architecture 3 is considered, the diplexer isolation between band n78 and n104 is not more than 10dB in main path.
Observation 1: Generally, there are three RF architecture for CA_n78-n104 at least. i.e. separate antenna RF architecture, common antenna in diversity path and common antenna in both main and diversity path. The antenna isolation could be assumed as 10~15dB. The diplexer isolation between band n78 and n104 is not more than 10dB in main path. 
Filter assumption
[bookmark: _Hlk156898330]Currently, both band n78 and n77 shared the same full frequency filter (3300~4200MHz) in the real UE implementation. In addition, most of band n77/n78 filter didn’t optimize the attenuation performance at frequency range 6425~7125MHz, so the attenuation performance can be assumed as 20~25dB at frequency range 6425~7125MHz.
Observation 2: for band n77/n78 filter, the attenuation performance can be assumed as 20~25dB at frequency range 6425~7125MHz for standardization.
For band n104, there are three alternatives based on the way forward in last meeting. We list the relative bandwidth as below.
Table 1 relative bandwidth analysis for different filter alternative
	Filter frequency range
	5150-7125 MHz
	5925-7125 MHz
	6425-7125 MHz
	3300~4200MHz

	Relative bandwidth
	32%
	18.3%
	10.3%
	24%



It can be observed that Alt.1 (5150-7125 MHz) is the most difficult implementation for filter due to 32% relative bandwidth. Although the relative bandwidth of Alt.2 (5925-7125 MHz) are less than band n77/n78 filter (3300~4200MHz), quality factor (Q) values of filters for 6GHz are lower than 3GHz. It’s very hard to say that the filter implementation of Alt.2 (5925-7125 MHz) is easier than band n77/n78 filter (3300~4200MHz). However, it’s obvious that Alt.3 (6425-7125 MHz) is the easiest implementation for band n104 and good performance can be achieved more easily.
Observation 3: it’s obvious that Alt.3 (6425-7125 MHz) is the easiest implementation for band n104 and good performance can be achieved more easily than Alt 1 and Alt 2.
[bookmark: _Hlk162361912]Currently, 3GPP specified band n104 (6425-7125 MHz) for IMT licensed service and band n96/n102 for unlicensed service. However, the maximum output power for band n104 and n96 are different. Generally, 20dBm/23dBm maximum output power for unlicensed band was specified (for indoor scenario). But for band n104, at least 26dBm will be implemented same as band n78/n77, which will become the basic capability for the industry (licensed bands are used for wide area). Considering larger path loss due to higher frequency range, it’s not precluded to implement 29dBm using single PA for band n104 in the future.
Based on the analysis above, the difference of MOP between licensed and unlicensed service will result the difference of power tolerance in the whole RF chain. Thus, it’s very hard to share the same filter between licensed band n104 and unlicensed band n96.
So it seems very hard to coordinate these differences in the standard. One example is that 2.4GHz unlicensed band is never shared with either band n40 or band n41 due to different performance demands.
Observation 4: due to the RF specification difference of band licensed band n104 and unlicensed band n96, it’s very hard to share the same filter between them.
Observation 5: for band n104 filter, the attenuation performance can be assumed as 20~25dB at frequency range 3300~3800MHz for standardization.
MSD issues
From network perspective, it’s very hard to guarantee non-simultaneous Rx/Tx operation for CA_n78-n104 due to the uncertainty of colocation deployment and TDD UL/DL pattern for both band n78 and n104. Based on the way forward, it has agreed that the simultaneous Rx/Tx operation will be considered and supported when CA_n78-n104 is specified. As a result, the MSD issues should be analysed based on simultaneous Rx/Tx operation for CA_n78-n104.
Observation 6: the MSD issues should be analysed based on simultaneous Rx/Tx operation for CA_n78-n104.
[bookmark: _Hlk156904506]The harmonic/harmonic mixing analysis is listed in table 2.
Table 2 harmonic/harmonic mixing analysis for CA_n78-n104
	UE UL/DL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL/DL frequency (MHz)
	3300
	3800
	6425
	7125

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	6600
	7600
	12850
	14250

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	9900
	11400
	19275
	21375

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	13200
	15200
	25700
	28500

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5* fy_low
	5* fy_high

	5th harmonics frequency limits (MHz)
	16500
	19000
	32125
	35625



Observation 7: due to the 2nd harmonic frequency of band n78 UL overlapping with DL band n104, the MSD due to 2nd harmonic interference should be investigated for band n104 DL.
Observation 8: due to the 2nd harmonic frequency of band n78 DL overlapping with UL band n104, the MSD due to 2nd harmonic mixing interference should be investigated for band n78 DL.
In addition, since the filter isolation (25dB) between band n78 and n104 is not enough, the MSD due to cross band isolation for DL band n78 and DL band n104 should be investigated considering both filter isolation and antenna isolation.
The following diagram shows the relationship between n78 frequency range and n104 frequency range.
[image: ]
Figure 4 The frequency range relationship between n78 and n104
If the carriers are deployed in region A for band n78 and region D for band n104, the harmonic/harmonic mixing interference could happen. However, if one carrier is deployed in region B or region C, the harmonic/harmonic mixing interference will not exist.
MSD due to cross band isolation
1) For common antenna RF architecture 2 in diversity chain, the calculations for both n78 UL ---> n104 DL and n104 UL ---> n78 DL are listed below.
Table 3 MSD calculation due to cross band isolation for n78 UL ---> n104 DL (common antenna RF architecture 2 in diversity chain)
	　
	parameters
	n104 main path
	n104 diversity path

	transmit power for n78, dBm
	　
	23
	23

	Tx band n78 BW(MHz, Lcrb@30kHz)
	100
	　
	　

	RFFE loss, dB
	4
	　
	　

	Diplexer isolation at n78 uplink freq，dB
	0
	　
	　

	antenna isolation, dB
	10
	　
	　

	n104 receival singal at ANT port, dBm
	　
	13
	13

	　
	　
	　
	　

	n104 filter rejection at 3300~3800MHz, dB
	25
	　
	　

	signal After n104 filter, dBm
	　
	-16
	-16

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-82
	-82

	front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-78
	-78

	　
	　
	　
	　

	noise figure dB
	12
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-162
	　
	　

	Rx band n104 BW(MHz, NRB)
	19.08
	　
	　

	Thermal noise, dBm
	　
	-89.19 
	-89.19 

	　
	　
	　
	　

	ACLR1, dB
	30
	　
	　

	ACLR2, dB
	43
	　
	　

	n78 PA leakage PSD at PA output port at 1st adjacent channel, dBm/MHz
	　
	-27.00 
	　

	n78 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-40.00 
	　

	n78 PA noise PSD at PA output port, dBm/Hz
	-120
	　
	　

	n78 PA noise PSD at PA output port, dBm/RxBW
	　
	-47.19 
	　

	n78 Tx filter rejection at 6425~7125MHz, dB
	25
	　
	　

	n78 PA noise power at Rx n104 ant port at 6425~7125MHz, dBm
	　
	-82.19 
	-82.19 

	　
	　
	　
	　

	Total noise level at ANT port
	　
	-76.37 
	-76.37 

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(20MHz BW)
	　
	-77.37 
	-77.37 

	Implementation Margin, dB
	2.5
	　
	　

	combined REFSENS(20MHz BW), dBm
	-77.88 
	　
	　

	MSD
	12.82 
	　
	　



Table 4 MSD calculation due to cross band isolation for n104 UL ---> n78 DL (common antenna RF architecture 2 in diversity chain)
	　
	parameters
	n78 main path
	n78 diversity path

	transmit power for n104, dBm
	　
	23
	23

	Tx band n104 BW(MHz, Lcrb@30kHz)
	100
	　
	　

	RFFE loss, dB
	4
	　
	　

	Diplexer isolation at n104 uplink freq，dB
	0
	　
	　

	antenna isolation, dB
	10
	　
	　

	n78 receival singal at ANT port, dBm
	　
	13
	13

	　
	　
	　
	　

	n78 filter rejection at 6425~7125MHz, dB
	25
	　
	　

	signal After n78 filter, dBm
	　
	-16
	-16

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-82
	-82

	front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-78
	-78

	　
	　
	　
	　

	noise figure dB
	10
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-164
	　
	　

	Rx band n78 BW(MHz, NRB)
	9.36
	　
	　

	Thermal noise, dBm
	　
	-94.29 
	-94.29 

	　
	　
	　
	　

	ACLR1, dB
	30
	　
	　

	ACLR2, dB
	43
	　
	　

	n104 PA leakage PSD at PA output port at 1st adjacent channel, dBm/MHz
	　
	-27.00 
	　

	n104 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-40.00 
	　

	n104 PA noise PSD at PA output port, dBm/Hz
	-120
	　
	　

	n104 PA noise PSD at PA output port, dBm/RxBW
	　
	-50.29 
	　

	n104 Tx filter rejection at 3300~3800MHz, dB
	25
	　
	　

	n104 PA noise power at Rx n78 ant port at 3300~3800MHz, dBm
	　
	-85.29 
	-85.29 

	　
	　
	　
	　

	Total noise level at ANT port
	　
	-77.17 
	-77.17 

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(10MHz BW)
	　
	-78.17 
	-78.17 

	Implementation Margin, dB
	2.5
	　
	　

	combined REFSENS(10MHz BW), dBm
	-78.68 
	　
	　

	MSD
	17.12 
	　
	　



2) For common antenna RF architecture 3 in both main and diversity chain, the calculations for both n78 UL ---> n104 DL and n104 UL ---> n78 DL are listed below.

Table 5 MSD calculation due to cross band isolation for n78 UL ---> n104 DL (common antenna RF architecture 3 in both main and diversity chain)
	　
	parameters
	n104 main path
	n104 diversity path

	transmit power for n78, dBm
	　
	23
	23

	Tx band n78 BW(MHz, Lcrb@30kHz)
	100
	　
	　

	RFFE loss, dB
	4
	　
	　

	Diplexer isolation at n78 uplink freq，dB
	10
	　
	　

	antenna isolation, dB
	10
	　
	　

	n104 receival singal at ANT port, dBm
	　
	13
	3

	　
	　
	　
	　

	n104 filter rejection at 3300~3800MHz, dB
	25
	　
	　

	signal After n104 filter, dBm
	　
	-16
	-26

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-82
	-102

	front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-78
	-98

	　
	　
	　
	　

	noise figure dB
	12
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-162
	　
	　

	Rx band n104 BW(MHz, NRB)
	19.08
	　
	　

	Thermal noise, dBm
	　
	-89.19 
	-89.19 

	　
	　
	　
	　

	ACLR1, dB
	30
	　
	　

	ACLR2, dB
	43
	　
	　

	n78 PA leakage PSD at PA output port at 1st adjacent channel, dBm/MHz
	　
	-27.00 
	　

	n78 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-40.00 
	　

	n78 PA noise PSD at PA output port, dBm/Hz
	-120
	　
	　

	n78 PA noise PSD at PA output port, dBm/RxBW
	　
	-47.19 
	　

	n78 Tx filter rejection at 6425~7125MHz, dB
	25
	　
	　

	n78 PA noise power at Rx n104 ant port at 6425~7125MHz, dBm
	　
	-82.19 
	-92.19 

	　
	　
	　
	　

	Total noise level at ANT port
	　
	-76.37 
	-87.06 

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(20MHz BW)
	　
	-77.37 
	-88.06 

	Implementation Margin, dB
	2.5
	　
	　

	combined REFSENS(20MHz BW), dBm
	-85.92 
	　
	　

	MSD
	4.78 
	　
	　



Table 6 MSD calculation due to cross band isolation for n104 UL ---> n78 DL (common antenna RF architecture 3 in both main and diversity chain)
	　
	parameters
	n78 main path
	n78 diversity path

	transmit power for n104, dBm
	　
	23
	23

	Tx band n104 BW(MHz, Lcrb@30kHz)
	100
	　
	　

	RFFE loss, dB
	4
	　
	　

	Diplexer isolation at n104 uplink freq，dB
	10
	　
	　

	antenna isolation, dB
	10
	　
	　

	n78 receival singal at ANT port, dBm
	　
	13
	3

	　
	　
	　
	　

	n78 filter rejection at 6425~7125MHz, dB
	25
	　
	　

	signal After n78 filter, dBm
	　
	-16
	-26

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-82
	-102

	front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-78
	-98

	　
	　
	　
	　

	noise figure dB
	10
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-164
	　
	　

	Rx band n78 BW(MHz, NRB)
	9.36
	　
	　

	Thermal noise, dBm
	　
	-94.29 
	-94.29 

	　
	　
	　
	　

	ACLR1, dB
	30
	　
	　

	ACLR2, dB
	43
	　
	　

	n104 PA leakage PSD at PA output port at 1st adjacent channel, dBm/MHz
	　
	-27.00 
	　

	n104 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-40.00 
	　

	n104 PA noise PSD at PA output port, dBm/Hz
	-120
	　
	　

	n104 PA noise PSD at PA output port, dBm/RxBW
	　
	-50.29 
	　

	n104 Tx filter rejection at 3300~3800MHz, dB
	25
	　
	　

	n104 PA noise power at Rx n78 ant port at 3300~3800MHz, dBm
	　
	-85.29 
	-95.29 

	　
	　
	　
	　

	　
	　
	　
	　

	　
	　
	　
	　

	Total noise level at ANT port
	　
	-77.17 
	-90.82 

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(10MHz BW)
	　
	-78.17 
	-91.82 

	Implementation Margin, dB
	2.5
	　
	　

	combined REFSENS(10MHz BW), dBm
	-89.51 
	　
	　

	MSD
	6.29 
	　
	　



We summarized these calculations for MSD due to cross band isolation in the following table.
Table 7 calculation summary for CA_n78-n104 MSD due to cross band isolation
	RF architecture
	common antenna RF architecture 2 in diversity chain
	common antenna RF architecture 3 in both main and diversity chain

	MSD types
	n78 UL ---> n104 DL
	n104 UL ---> n78 DL
	n78 UL ---> n104 DL
	n104 UL ---> n78 DL

	TX band IM2 noise level (dBm)
	-78/-78
	-78/-78
	-78/-98
	-78/-98

	Tx band PA noise power at Rx band (dBm)
	-82.19/-82.19
	-85.29/-85.29
	-82.19/-92.19
	-85.29/-95.29

	Thermal noise (dBm)
	-89.19/-89.19
	-94.29/-94.29
	-89.19/-89.19
	-94.29/-94.29

	MSD level (dB)
	12.82 dB
	17.12 dB
	4.78 dB
	6.29 dB



Based on the calculation summary in table 7, the Tx band IM2 noise will dominate the MSD level, which may have more impacts comparing to Tx band output PA noise level. For common antenna RF architecture 3 in both main and diversity chain, since the main path between band n78 and n104 is shared, more attenuation would be expected especially for diversity path. Thus, better performance can be achieved in diversity path.

MSD due to harmonic interference
For this kind of MSD, the key point is the PA linearity, i.e. PA output H2 attenuation. Generally, 30dB is assumed in 3GPP. If it’s expected to achieve a good performance, the value may need to be more than 30dB. The following table shows the calculations with different assumed PA H2 attenuation (30dB vs 40dB) below.
Table 8 MSD calculation due to harmonic interference for n78 UL ---> n104 DL (30dB PA H2 attenuation)
	　
	primary n78
	DL primary n104
	DL diversity n104

	parameter
	value
	H2 level
	value
	H2 level
	value
	H2 level

	n78 PA output power, dBm
	27
	　
	　
	　
	　
	　

	n78 Post PA Filter IL, dB
	2.5
	　
	　
	　
	　
	　

	antenna switch IL, dB
	0.7
	　
	　
	　
	　
	　

	Diplexer IL,dB
	0.8
	　
	　
	　
	　
	　

	n78 PA H2, Attenuation,dBc
	30
	　
	　
	　
	　
	　

	n78 PA H2, dBm
	　
	-3
	　
	　
	　
	　

	n78 Post PA Filter,dB
	30
	　
	　
	　
	　
	　

	n78 H2 output at Post PA Filter,dBm
	　
	-33
	　
	　
	　
	　

	n78 H2 output at antenna switch,dBm
	　
	-33.7
	　
	　
	　
	　

	Diplexer Rejection&isolation,dB
	10
	-43.7
	　
	　
	　
	　

	Antenna isolation, dB
	　
	　
	10
	-53.7
	10
	-53.7

	antenna switch IL, dB
	　
	　
	0.7
	-54.4
	0.7
	-54.4

	n104 filter IL, dB
	　
	　
	2
	-56.4
	2
	-56.4

	PA to LNA PCB isolation, dB
	　
	　
	70
	-73
	70
	-73

	Composite H2 at LNA port,dBm
	　
	　
	　
	-56.3060111
	　
	-56.30601

	SNR requirement for QPSK(dB)
	-1
	　
	　
	　
	　
	　

	REFSENSE (referred to antenna)(20MHz BW)
	　
	　
	　
	-57.3060111
	　
	-57.30601

	combined REFSENS(20MHz BW), dBm
	　
	-60.3163111
	　
	　
	　
	　

	Margin,dB
	　
	2.5
	　
	　
	　
	　

	combined REFSENS(20MHz BW)after considering Margin, dBm
	　
	-57.8163111
	　
	　
	　
	　

	Noise Floor(20MHz), dBm
	　
	-90.7
	　
	　
	　
	　

	MSD
	　
	32.88368891
	　
	　
	　
	　



Table 9 MSD calculation due to harmonic interference for n78 UL ---> n104 DL (40dB PA H2 attenuation)
	　
	primary n78
	DL primary n104
	DL diversity n104

	parameter
	value
	H2 level
	value
	H2 level
	value
	H2 level

	n78 PA output power, dBm
	27
	　
	　
	　
	　
	　

	n78 Post PA Filter IL, dB
	2.5
	　
	　
	　
	　
	　

	antenna switch IL, dB
	0.7
	　
	　
	　
	　
	　

	Diplexer IL,dB
	0.8
	　
	　
	　
	　
	　

	n78 PA H2, Attenuation,dBc
	40
	　
	　
	　
	　
	　

	n78 PA H2, dBm
	　
	-13
	　
	　
	　
	　

	n78 Post PA Filter,dB
	30
	　
	　
	　
	　
	　

	n78 H2 output at Post PA Filter,dBm
	　
	-43
	　
	　
	　
	　

	n78 H2 output at antenna switch,dBm
	　
	-43.7
	　
	　
	　
	　

	Diplexer Rejection&isolation,dB
	10
	-53.7
	　
	　
	　
	　

	Antenna isolation, dB
	　
	　
	10
	-63.7
	10
	-63.7

	antenna switch IL, dB
	　
	　
	0.7
	-64.4
	0.7
	-64.4

	n104 filter IL, dB
	　
	　
	2
	-66.4
	2
	-66.4

	PA to LNA PCB isolation, dB
	　
	　
	70
	-83
	70
	-83

	Composite H2 at LNA port,dBm
	　
	　
	　
	-66.3060111
	　
	-66.30601

	SNR requirement for QPSK(dB)
	-1
	　
	　
	　
	　
	　

	REFSENSE (referred to antenna)(20MHz BW)
	　
	　
	　
	-67.3060111
	　
	-67.30601

	combined REFSENS(20MHz BW), dBm
	　
	-70.3163111
	　
	　
	　
	　

	Margin,dB
	　
	2.5
	　
	　
	　
	　

	combined REFSENS(20MHz BW)after considering Margin, dBm
	　
	-67.8163111
	　
	　
	　
	　

	Noise Floor(20MHz), dBm
	　
	-90.7
	　
	　
	　
	　

	MSD
	　
	22.88368891
	　
	　
	　
	　


We also evaluated the other cases with better performance assumption about band n78 Post PA Filter (2nd harmonic trap filter can be considered together). We summarized these calculations for MSD due to harmonic interference in the following table.
Table 10 calculation summary for CA_n78-n104 MSD due to harmonic interference
	n78 PA H2, Attenuation, dBc
	30
	30
	30
	40
	40
	40

	n78 Post PA Filter, dB
	30
	35
	40
	30
	35
	40

	PCB isolation, dB
	70
	70
	70
	70
	70
	70

	MSD level, dB
	32.9
	28.08
	23.6
	22.9
	18.08
	13.6



Based on the analysis in table 10, there are two aspects to improve the MSD performance due to harmonic interference for CA_n78A-n104. One is to improve the PA linearity performance, which can help increase the PA output H2 attenuation. Another one is to improve the performance of Post PA filter, which can help reduce the interference falling into the Rx chain. However, it seems that it seems useless to improve the performance of Post PA filter endlessly as the MSD level can still be restricted by PCB isolation. 
MSD due to harmonic mixing interference
For this kind of MSD, the key point is the 2nd harmonic mixing attenuation in LO. Generally 50dB is assumed for 2GHz above harmonic mixing calculation. The calculations for 10MHz and 100MHz are shown below with 50dB 2nd harmonic mixing attenuation.
Table 11 MSD calculation due to 2nd harmonic mixing interference for n104 UL ---> n78 DL
	BW
	MHz
	10
	100

	Rx Allocated BW
	MHz
	　
	　

	front end loss
	dB
	4
	4

	P0_dBm
	dBm
	23
	23

	PA Gain
	dB
	19
	19

	DA_LNA isolation
	dB
	-50
	-50

	PA_LNA_PCB isolation
	dB
	-70
	-70

	diplexer Rejection at Agressor
	dB
	-10
	-10

	Antenna isolation 
	dB
	-10
	-10

	Filter Rejection at Agressor
	dB
	-25
	-25

	Harmonic Rx Gain
	dB
	-50
	-50

	DA_LNA int.power
	dBm
	-92
	-92

	PA_LNA int.power
	dBm
	-93
	-93

	conducted path rejection
	dBm
	-68
	-68

	Interference_total
	dBm
	-67.9691
	-67.9691

	Thermal
	dBm
	-93.5
	-83.5

	　
	　
	　
	　

	composite
	dBm
	-67.957
	-67.8492

	MRC REFSENS
	dBm
	-70.9673
	-70.8595

	REFSENs_n78 (10MHz/100MHz)
	dBm
	-95.8
	-86

	　
	　
	　
	　

	MSD
	　
	24.83275
	15.14048


If vendors can improve the 2nd harmonic mixing attenuation in LO, the MSD level can be decreased as shown below.
Table 12 calculation summary for CA_n78-n104 MSD due to 2nd harmonic mixing interference
	DL channel BW
	10
	10
	10
	100
	100
	100

	2nd harmonic mixing attenuation in LO, dB
	50
	60
	70
	50
	60
	70

	PCB isolation, dB
	70
	70
	70
	70
	70
	70

	MSD level, dB
	24.8
	14.9
	5.9
	15.1
	6.1
	0.8




Summary about MSD
It’s highlighted that the minimum channel bandwidth for band n104 is 20MHz and the minimum channel bandwidth for band n78 is 10MHz. The following test configurations can be considered. 30kHz SCS UL configuration can be assumed.
Proposal 1: To consider the following test configurations for CA_n78-n104 MSD analysis with 30kHz SCS UL configuration.
	1) MSD due to cross band isolation:
	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)
	

	n78
	n104
	3750
	100
	30
	270 (RBstart=0)
	6435
	20
	4.78 ~ 12.82 dB
	>ACLR2

	n104
	n78
	6475
	100
	30
	270 (RBstart=0)
	3795
	10
	6.29 ~ 17.12 dB 
	>ACLR2



	2) MSD due to harmonic interference:
	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
	30
	24 (RBstart=0)
	20
	23.6~32.9 dB
	NOTE 2
	UL2/DL1
direct-hit



	3) MSD due to harmonic mixing interference:
	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
	30
	50 (RBstart=0)
	10
	5.9~24.8dB
	NOTE 1
	UL1/DL2

	n104
	n78
	20
	30
	50 (RBstart=0)
	100
	0.8~15.1dB
	NOTE 1
	UL1/DL2



Delta Tib and Rib
Referring to the paper R4-162926 [2], there is a basic principle on how to specify the Delta Tib and Rib based on the additional insertion loss from CA band combination. The formulas are shown below
∆TIB = (Average Tx)/2 + 0.1
∆RIB = (Average Rx – 0.6)/2
However, in 5G phase, the fixed delta Tib and Rib values for band n77/n78/n79 are used, i.e. 0.8dB for ∆TIB and 0.5 dB for ∆RIB, in which 1.6dB insertion loss is assumed for potential combiner.
In the contribution [3], the Delta Tib and Rib for some similar cases are shown below.

	Inter-band CA combination
	ΔTIB,c for NR bands (dB)9

	
	Component band in order of bands in configuration10

	CA_n46-n48
	-
	0.5

	CA_n46-n77
	-
	0.8

	CA_n46-n78
	-
	0.8

	CA_n46-n96
	-
	0.5

	CA_n46-n102
	-
	0.5

	CA_n48-n96
	0.5
	0.5

	CA_n77-n79
	0.5
	0.5

	CA_n77-n102
	1.5
	1.5

	CA_n78-n79
	0.5 / 1.58
	0.5 / 1.58

	CA_n78-n102
	1.5
	1.5


NOTE 8:	The requirements only apply for UE supporting inter-band carrier aggregation with simultaneous Rx/Tx capability, and NR UL carrier frequencies are confined to 3700 MHz-3800MHz for n78 and 4400 MHz-4500MHz for n79. Simultaneous Rx/Tx capability does not apply for UEs supporting band n78 with a n77 implementation.


	Inter-band CA combination
	ΔRIB,c for NR bands (dB)8

	
	Component band in order of bands in configuration9

	CA_ n46-n48
	-
	0.5

	CA_n46-n77
	-
	0.5

	CA_n46-n78
	-
	0.5

	CA_n48-n96
	0.5
	-

	CA_n77-n102
	0.5
	-

	CA_n78-n102
	0.5
	-



For CA_n78-n104, it’s expected that the insertion loss will not be larger than 1.6dB. Thus, 0.8dB for ∆TIB and 0.5 dB for ∆RIB are proposed for both band n78 and n104. (It implies that the insertion loss is still assumed as 1.6dB.)

Proposal 2: 0.8dB for ∆TIB and 0.5 dB for ∆RIB are proposed for both band n78 and n104. (It implies that the insertion loss is still assumed as 1.6dB.).
Summary
Observation 1: Generally, there are three RF architecture for CA_n78-n104 at least. i.e. separate antenna RF architecture, common antenna in diversity path and common antenna in both main and diversity path. The antenna isolation could be assumed as 10~15dB. The diplexer isolation between band n78 and n104 is not more than 10dB in main path. 
Observation 2: for band n77/n78 filter, the attenuation performance can be assumed as 20~25dB at frequency range 6425~7125MHz for standardization.
Observation 3: it’s obvious that Alt.3 (6425-7125 MHz) is the easiest implementation for band n104 and good performance can be achieved more easily than Alt 1 and Alt 2.
Observation 4: due to the RF specification difference of band licensed band n104 and unlicensed band n96, it’s very hard to share the same filter between them.
Observation 5: for band n104 filter, the attenuation performance can be assumed as 20~25dB at frequency range 3300~3800MHz for standardization.
Observation 6: the MSD issues should be analysed based on simultaneous Rx/Tx operation for CA_n78-n104.
Observation 7: due to the 2nd harmonic frequency of band n78 UL overlapping with DL band n104, the MSD due to 2nd harmonic interference should be investigated for band n104 DL.
Observation 8: due to the 2nd harmonic frequency of band n78 DL overlapping with UL band n104, the MSD due to 2nd harmonic mixing interference should be investigated for band n78 DL.

Proposal 1: To consider the following test configurations for CA_n78-n104 MSD analysis with 30kHz SCS UL configuration.
	1) MSD due to cross band isolation:
	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)
	

	n78
	n104
	3750
	100
	30
	270 (RBstart=0)
	6435
	20
	4.78 ~ 12.82 dB
	>ACLR2

	n104
	n78
	6475
	100
	30
	270 (RBstart=0)
	3795
	10
	6.29 ~ 17.12 dB 
	>ACLR2



	2) MSD due to harmonic interference:
	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
	30
	24 (RBstart=0)
	20
	23.6~32.9 dB
	NOTE 2
	UL2/DL1
direct-hit



	3) MSD due to harmonic mixing interference:
	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
	30
	50 (RBstart=0)
	10
	5.9~24.8dB
	NOTE 1
	UL1/DL2

	n104
	n78
	20
	30
	50 (RBstart=0)
	100
	0.8~15.1dB
	NOTE 1
	UL1/DL2



Proposal 2: 0.8dB for ∆TIB and 0.5 dB for ∆RIB are proposed for both band n78 and n104. (It implies that the insertion loss is still assumed as 1.6dB.).
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