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1	Background
[bookmark: _Hlk149936446]In RAN4#110, the CA_n78-n104 architecture aspects were further discussed from the RAN4#109 way forward by multiple companies in [1-4]. This resulted in another way forward [5] being agreed upon to define the objectives for this meeting. In this contribution, we provide our inputs to the CA_n78-n104 requirements and the overall 3.3-7.125GHz frequency range architecture issues.
2 Discussion
2.1 Way Forward from RAN4#109
Current agreements in the latest way forward [5] are:

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 contribution, we provide our view on the features and RF front end issues guiding the evaluation of the CA_n78-n104 MSD performance for the cases identified in [5].
2.2 Architecture aspect driving the minimum requirement
Currently, except for China and Russia, there is no regulation for the support of Band n104 in other regions of the world. To our knowledge there is no deployment yet with the first case for CA_n78-n104. So, in our view, the baseline architecture for the CA_n78-n104 evaluation should enable the following features:
· Use four antennas
· Cover n77/78, n79 and n104 with 4Rx
· Cover n46, n102 and n96 with 2Rx
· Cover CA_n46-n48, CA_n46-n77/78, CA_n46-n96/102, CA_n48-n96, CA_n77/78-n79, CA_n7778-n102 on top of CA_n78-n104 even if the n104 performance is optimized compared to the unlicensed bands.
· Optional support for 2Tx in Bands n48/n77/78, n79 and n104.

One aspect that was suggested in a few paper in the last meeting, is to add diplexers between n104 and n77/78. In our view, adding low/high pass diplexers on top of the band filters is not an option, because there is:
· Only a 200MHz gap between n77 and n79
· Only a 150MHz gap between n79 and n46
· Zero gap between n46 and n96/n102
· Zero gap between n102 and n104.

The only option is to diplex the band filters directly at the antenna and accept additional losses at the band edges that must be reflected on the Delta T/R. One possible implementation which allows some optimization of Band n104 compared to unlicensed bands on four antennas, is the following. This implementation is used in our evaluation of the CA_n78-n104 performance:
· Antenna 1 covers n77/78 UL/DL+n79DL+n46DL+n104DL
· Antenna 2 covers n77/78 DL+n79DL+n46UL/DL+n104DL
· Antenna 3 covers n77/78 DL+n79UL/DL+n96/(n102+n104)DL
· Antenna 3 covers n77/78 DL+n79DL+n96/(n102+n104)UL/DL.

Note that the minimum cost implementation would use a single filter to cover n46, n96, n102 and n104, and would allow 4Rx on n46/n96 and n102 on top of n77/78, n79 and n104:
· Antenna 1 covers n77/78 UL/DL+n79DL+(n46+n96/(n102+n104))DL
· Antenna 2 covers n77/78 DL+n79DL+(n46+n96/(n102+n104))UL/DL
· Antenna 3 covers n77/78 DL+n79UL/DL+(n46+n96/(n102+n104))DL
· Antenna 3 covers n77/78 DL+n79DL+(n46+n96/(n102+n104))DL.
2.3 Delta T/R
As previously discussed in [1], assuming the worst-case implementation, the CA_n77/78-n102 DeltaT/R of 1.5/0.5dB should be the basis for the CA_n78-n104 DeltaT/R. In this case, we are confident to assume an optimized Delta T for both bands based on the fact that the n78 band is lower in frequency compared to the Band n77 upper limit and the fact that n104 is at a higher frequency than n10,2 and adjusting the impact for UL and DL for n104 accounts for n104 Rx higher losses, when multiplexed with 3.3-5GHz range bands.
Proposal on DeltaT/R to enable support of n78 within n77 filter and n104 within n96 filter with antenna multiplexing of n77/78+n79 with n46 or n102+n104:
· Delta T/R for n78 of 1/0.5dB
· Delta T/R for 1.2/0.7dB.
2.4 Cross Band MSD
Cross-band isolation MSDs specified for similar band combinations are reproduced in Table 1 and, based on our architecture assumptions for the minimum requirements, some are relevant to the CA_n78-n104 case:

Table 1: worst case cross band isolation MSD for cases similar to CA_n78-n104 with exact ACLR ranges
	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)
	

	n46
	n48
	5190
	80
	30
	216 (RBstart=0)
	3697.5
	5
	13.3
	>ACLR10

	n46
	n77
	5190
	80
	30
	216 (RBstart=0)
	3975
	10
	10.5
	>ACLR10

	n46
	n78
	5190
	80
	30
	216 (RBstart=0)
	3795
	10
	10.4
	>ACLR10

	n48
	n46
	3680
	40
	15
	216 (RBstart=0)
	5160
	20
	15.7
	>ACLR10

	n48
	n96
	3680
	40
	15
	216 (RBstart=0)
	5935
	20
	15.7
	>ACLR10

	n78
	n46
	3750
	100
	30
	270 (RBstart=3)
	5160
	20
	13.5
	>ACLR10

	n96
	n48
	5965
	80
	30
	216 (RBstart=0)
	3697.5
	5
	13.3
	>ACLR10

	n78
	n104
	3750
	100
	30
	270 (RBstart=3)
	6435
	20
	TBD
	>ACLR10

	n104
	n78
	6475
	100
	30
	270 (RBstart=0)
	3790
	10
	TBD
	>ACLR10



The CA_n78-n104 combination is comparable to n48UL+n96DL and n96UL+n48DL; the differences in UL CBW are not an issue here since all these cases are >ACLR10 and thus are only related to the wideband TX noise floor. However, differences in DL BW must be accounted for since it influences the initial REFSENS level.

For Bands n48 and n78, REFSENS are the same. However, the test point is at 10MHz for n78 versus 5MHz for n48, thus the MSD shall be corrected by 10*log(52/25)=3.2dB => n78 MSD is 10.1dB.

With -90.7dBm for 20MHz, Band n104 REFSENS is 1.5dB better than n96 (-89.2dBm for 20MHz). Since both test points are for 20MHz DL, the MSD must be corrected by 1.5dB at 17.2dB.
 
Proposal on cross band MSD: the following Table 2 is proposed for MSD test point and values.

Table 2: CA_n78-n104 cross-band MSD
	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=3)
	6435
	20
	17.2
	>ACLR2

	n104
	n78
	6475
	100
	30
	270 (RBstart=0)
	3795
	10
	10.1
	>ACLR2


2.5 UL2/DL1 MSD
The way forward [5] proposes to evaluate a direct hit and a near-miss test point. In our view, since a direct-hit case is already present, there is no need to specify a near-miss case. A near-miss case is important, when it exists as there is no direct-hit case. We understand that the near-miss MSD is not negligible and thus the nominal REFSENS cannot be expected for channels that are next to the direct hit case. However, instead of an additional test point we prefer to warn RAN5 about the issue to avoid that they set test frequencies in the near-miss region of a direct-hit case.
In the current specification, the worst case UL2/DL1 cases are for n2/n66 UL2 in n48 DL at 27.1dB into 5MHz.
	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)
	
	

	n2/n66
	n48
	5
	15
	25 (RBstart=0)
	5
	27.1
	NOTE 2
	UL2/DL1
direct-hit



To scale for n78UL into n104DL, a few scaling aspects must be considered:
· Lower isolation between n78UL and n104DL compared to n2/n66UL and n48DL case which benefits from MB/UHB diplexing as there is a limited diplexing option for band < 5GHz with band > 5.15GHz. Also, the isolation is reduced by 20dB in our evaluation that still assumes an n77 filter used for n78 but with an improved rejection at n104 frequencies versus other lower > 5.15GHz bands.
· 2x the minimum ULBW. However, since the DL BW is also increased by more than 2x there is no correction needed, and if anything, more of the UL2 spectrum interferes with the 20MHz DL.
· 4x the minimum DL BW and different REFSENS: -99dBm in 5MHz for n48 vs -90.7dBm in 20MHz for n104.

Proposal for n78 H2 MSD in n104: MSD from n2/n66 H2 in n48 is reused with 11.7dB correction as in Table 3:
Table 3: CA_n78-n104 UL2/DL1 MSD
	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
	38.8
	NOTE 2
	UL2/DL1
direct-hit


2.6 UL1/DL2 MSD
In the current specification, the UL1/DL2 cases that are relevant, are for n46UL1/n48DL2 and n77DL1/n25DL2.
	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)
	
	

	n46
	n7
	5
	15
	12 (RBstart=0)
	5
	8.3
	NOTE 7
	UL1/DL2

	n77
	n25
	10
	15
	25 (RBstart=0)
	5
	6.7
	NOTE 7
	UL1/DL2



Note that n46 UL should be 20MHz but this would not significantly change the amount of interference in the 5MHz DL2 and is a preferable start as in the worst-case implementation, Band n104 shares the same filter as Band n46. To scale for n104UL into n78DL2, a few scaling aspects must be considered:
· Lower rejection of the n77 filter of n104 UL compared to the n7 filter+HB/UHB diplexer. This is at least 25dB lower, due to the missing 15dB of the diplexer, and the limited rejection of the n77 wideband filter compared to the Band n7 duplexer DL filter.
· More sensitive DL2 response at n78 frequencies and BW compared to n7. The same delay error in the LO path would result in 1.4 times the harmonic response due to the relative maximum DL frequency, this calls for a 3dB correction.
· The n46 and n104 minimum ULBW is the same at 20MHz.
· 2x the minimum DL BW and different REFSENS: -98dBm in 5MHz for n7 vs -95.8dBm in 10MHz for n78. MSD should be reduced by 2.2dB.

Proposal for n104/n78 UL1/DL2 MSD: MSD from n46/n7 UL1/DL2 is reused with an appropriate correction as shown in Table 4:

Table 4: CA_n78-n104 UL1/DL2 MSD
	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
	34.1
	NOTE 7
	UL1/DL2


3 Conclusion
In this contribution, we presented our view on the implementation aspects of CA_n78-n104 with the other bands in the 3.3-7.125GHz range and derived the related delta T/R and MSD in the following proposals.
Proposal on DeltaT/R to enable support of n78 within the n77 filter and n104 within the n96 filter, with antenna multiplexing of n77/78+n79 with n46 or n102+n104:
· Delta T/R for n78 of 1/0.5dB
· Delta T/R for 1.2/0.7dB.

Proposal on cross band MSD: the following Table 2 is proposed for MSD test point and values.

Table 2: CA_n78-n104 cross-band MSD
	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=3)
	6435
	20
	17.2
	>ACLR2

	n104
	n78
	6475
	100
	30
	270 (RBstart=0)
	3795
	10
	10.1
	>ACLR2



Proposal for n78 H2 MSD in n104: MSD from n2/n66 H2 in n48 is reused with 11.7dB correction as in Table 3:
Table 3: CA_n78-n104 UL2/DL1 MSD
	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
	38.8
	NOTE 2
	UL2/DL1
direct-hit



Proposal for n104/n78 UL1/DL2 MSD: MSD from n46/n7 UL1/DL2 is reused with an appropriate correction as shown in Table 4:
Table 3: CA_n78-n104 UL1/DL2 MSD
	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
	34.1
	NOTE 7
	UL1/DL2
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