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1	Background
[bookmark: _Hlk149936446]In meeting RAN4#109, a TP was submitted to introduce CA_n78-n104 [2]. During the block approval process, this TP was flagged as this combination of a band in the 3.3-5GHz with a band in the 5.15-7.125GHz range needed further discussion amongst experts in terms of antenna and RF front-end architecture and filter characteristics. It was decided to have a way forward [1] to further discuss this issue in coming meetings. In this contribution we provide our view on those specific challenges in a broader scope than CA_n78-n104 as there are already other CA cases that are associating the 3.3-5GHz and the 5.15-7.125GHz frequency ranges.
2 Discussion
The way forward [1] on CA_n78-n104 covered two aspects: Tx/Rx concurrency and RF filter ranges with the following way forward agreements:
<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

<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
· 5150-7125 MHz
· 5925-7125 MHz
· 6425-7125 MHz
· Companies are encouraged to also discuss potential limitations in features and use cases related to antenna and RF front end architectures

In this contribution we discuss the above aspects, but also try to bring a more holistic view on the overall implementation issues of the different bands, licensed and unlicensed operation, and advanced features in the 3.3-7.125GHz range
[bookmark: _Hlk159001964]2.1 Existing cases associated with 3.3-5GHz and 5.15-7.125GHz ranges
On top of the newly requested CA_n78-n104, there are already a number of combinations that are within or between the two .3-5GHz and 5.15-7.125GHz frequency ranges:
· 2DL/2UL CA_n46-n77/78 SimRx/Tx between the two ranges
· 2DL/1UL CA_n46-n96 non SimRx/Tx within the 5.15-7.125GHz range
· 2DL/1UL CA_n46-n102 non SimRx/Tx within the 5.15-7.125GHz range
· [bookmark: _Hlk158996605]2DL/2UL CA_n48-n96 SimRx/Tx between the two ranges
· 2DL/2UL CA_n77/78-n79 non SimRx/Tx within the 3.3-5GHz range
· 2DL/2UL CA_n77/78-n102 no clarification on SimRx/Tx or not between the two ranges
· 2DL/2UL CA_n78-n104 SimRx/Tx between the two ranges.

Observations:
· Simultaneous Tx/Rx is already supported between the 3.3-5 and 5.15-7.125GHz range
· Outside indoor or private networks we do not see how non-simultaneous Tx/Rx between the 3.3-5 and 5.15-7.125GHz range can be guaranteed:
· NR-U would have first to co-exist with WiFi operation in the phone and in the network so it is unlikely that it can guarantee non-simultaneous Rx/Tx with NR band n48/n77/n78/n104
· Since there is no guard band between n102 and n104 it is unclear to us how the band n104 will support non-simultaneous Rx/Tx with NR band n77/78/n79 at the expense of simultaneous Tx/Rx with n102 and n46.

Proposal on Sim Tx/Rx: as a general principle, Sim Tx/Rx operation should be assumed between the 3.3-5GHz and 5.15-7.125GHz range and the associated CA requirements must account for increased Delta T/R with significant MSDs.
2.2 The 3.3-7.125GHz range and its concurrent operation challenges.
Instead of discussing a specific CA_n78-n104 case in detail with an optimized solution the critical aspects of the implementation that should be taken into account for any CA in the 3.3-7.125GHz range are discussed here.

The 3.3-7.125GHz frequency range has an extremely diverse set of constrains:
· All TDD bands with very large frequency range with up to 100MHz CBW and 200MHz CABW to be supported with very small gaps between bands:
· 200MHz between n77 and n79
· 150MHz between n79 and n46/WiFi6 band
· 0Hz between n46/WiFi6 and n96/n102/WiFi6E
· 0Hz between n102/WiFi6E and n102
· Co-banding and antenna sharing is a must:
· n77 and n78
· n46/n96/n102/n104
· Outside WiFi6E, the bands > 5925GHz are not yet in high volume and thus they need to fit with the existing WiFi architecture:
· Most UEs support WiFi6/6E in one go by using 5.15-7.125GHz or 5.15-6.425GHz Rx/Tx paths
· n79 is an add-on for Asia but needs to be “seamless”
· Support WW roaming
· n78/77 is the 5G WW roaming spectrum
· n46/n96/n102/Wi-Fi 6/6E is the Wi-Fi 6/7/NR-U WW unlicensed access roaming spectrum
· n79 and n104 are not as critical in term of WW roaming but is important within Asia. 
· Support many concurrent operations:
· NR-NR DL/ULCA
· NR-NR-U DL/ULCA
· NR/NR-U concurrent operation with Wi-Fi 6/6E
· Is SimRx/Tx with any band <3.3GHz
· SimRx/Tx is already supported between NR/NR-U and non-simRx/Tx seems difficult to deploy outside private network.
· Need to support advanced features:
· 4Rx mandatory for NR
· 2Rx mandatory and 4Rx in high end for NR-U and Wi-Fi 6/6E
· 2TX is common for NR: UL MIOMO, PC2, PC1.5
· 2Tx is a high-end feature for Wi-Fi 6/6E
· 2PA is also important to support non-contiguous ULCA (n77(2A))
· Still with a limited number of antennas and highly integrated modules: the above constrains have to be supported with only four antennas in most cases.
· The RFFE and antenna architecture is tricky, especially combining concurrent Rx/Tx operation of NR and unlicensed bands with too small or non-existent gaps to diplex bands that are very wide-band and thus are not compatible with high Q filtering. 
· For all of these reasons, the isolation between these bands and frequency ranges are not high and thus harmonic related or cross-band MSDs shall be carefully assessed.

Observations: 
· One of the critical aspects of implementing NR/NR-U/WiFi bands in the 3.3-7.125GHz range is how to combine all the different bands and concurrent Rx/Tx use cases together with DL and UL CA and MIMO operation. 
· This requires implementations in terms of antenna sharing, filtering, use case management and feature support that is beyond the scope of what can be discussed with 3GPP and involve critical cost trade offs
· Thus, we are not ready to discuss detailed solutions and performance numbers under many scenarios
· If a specific n104 add-on may be implemented in the future, the first implementations will share the antenna and RFFE HW with WiFi/NR-U and will still have to solve the concurrent operation with n46/n102 unlicensed bands which will come at extra cost.

Proposal on architecture and RFFE front end performance assumptions: 
· For combinations between the 3.3-5GHz and 5.15-7.125GHz frequency ranges, the assumptions should account for the implementation of all the possible cases and not focus on an optimization for a specific two band case or feature support.
· The assumptions for minimum requirements should be based on best effort implementation with 4 antennas of a UE supporting the WW roaming bands for NR/NR-U and Wi-Fi 6/6E/7 and a possible n79 add-on and assume that n104 will share the n46/n96/n102 HW in early implementations

2.3 CA_n78-n104 co-existence aspects
The TP submitted for CA_n78-n102 properly detected harmonic and harmonic mixing issues, but did not explore the potential cross-isolation issue and totally ignored the Delta T/R impacts of implementing the multiplexing of multiple bands at the antenna with very little or non-existent frequency gaps.
Analysis of the submitted data for harmonic related MSDs:
The harmonic related MSD values are copied from existing cases:
· UL1/DL2 copied from n46 5MHz UL with n7 5MHz DL (5MHz is not a valid CBW for n46, will need a CR to move to 20MHz) 
· UL2/DL1 copied from n1/2/3/25/66/70 5MHz UL with n77/78 10MHz DL

There are many aspects that are different for CA_n78-n104:
· n104 has 20MHz minimum CBW 
· n78 has 10MHz minimum CBW
· n46/n7 UL1/DL2 has a wrong CBW for n46 for both PC3 and PC5 in 38.101-1 and compared to CA_n78-n104
· UL2/DL1 case copied has the wrong UL and DL CBW compared to CA_n78-n104

Proposal on valid test points for UL harmonics and harmonic mixing: 
· Table 1 below is used for evaluation where n104 minimum CBW is corrected at 20MHz
· The copied CA_n7-n46 test point shall be corrected for the band n46 CBW
· At this time, we do not have MSD values to propose, but higher values than the respective 23.9/8.3dB initially proposed shall be expected as n77 filter used for n78 does not have the rejection that the n7 FDD UL filter + HB/VHB diplexer.

Table 1: UL2/DL1 UL harmonic and UL1/DL2 harmonic mixing test points for evaluation
	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
	25 (RBstart=0)
	1020
	23.9 TBD
	NOTE 2
	UL2/DL1 direct-hit

	n104
	n78
	20
	15
	12 (RBstart=0)
	10
	8.3 TBD
	NOTE 7
	UL1/DL2


Analysis of the submitted data for DeltaT/R:
The TP basically proposed only 0.5dB Delta R for n78 with all the other Delta T/R at zero, totally ignoring the additional losses needed to support simultaneous Tx/Rx and multiplexing to the same antennas with the other 3.3-7.125 GHz bands.

There are similar cases already specified for DelaT/R which are compiled in the following two tables.

	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
	-



Observations: 
· Where SimRx/Tx is properly accounted for a licensed band or unlicensed band above 5.925GHz, a DeltaT of 1.5dB is specified for similar cases.
· For DeltaT/R, the licensed bands have 0.5dB while the unlicensed bands > 5.925GHz have 0dB as the REFSENS of NR-U bands already account for a higher DL losses.

Proposal: 
· Delta T/R should be assessed based on 4Rx n104 implemented with a 5.15-7.125GHz filters, multiplexed with a 4Rx n77 filters with 4 antennas assuming 2Tx in each band. Additional losses should be accounted for a band n79 add-on.
· The DeltaT/R values below are tentatively considered for CA_n78-n102
· DeltaT of [1.5dB/1.5dB] for n78/n104
· DeltaR of [0.5dB/0.5dB] for n78/n104
Input on the omitted cross-band isolation aspects:
There are cross-band isolation MSDs specified for similar band combinations that are reproduced in Table 2:

Table 2: 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 is comparable to n48UL+n96DL and similar to n96UL+n48DL; differences in CBW are not an issue here since all these cases are >ACLR10 and thus are only related to the wideband TX noise floor. The band n104 REFSENS is 1.5dB better than n96 thus MSD is around 17dB for n104 and 13dB for n78.

Proposal on cross band MSD: the following Table 3 is proposed for MSD test point and values.

Table 3: 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]
	>ACLR2

	n104
	n78
	6475
	100
	30
	270 (RBstart=0)
	3790
	10
	[13]
	>ACLR2



Assuming the above MSD, a Tx noise floor of -130dBm/Hz and the n78, n104 and n102 20MHz REFSENS at a respective -95.8 + 10log10(NRB/52), -90.7 + 10log10(NRB/106) and -89.2 + 10log10(NRB/106) corresponding to:
· -92.7dBm/19.08MHz = -165.5dBm/Hz for band n78
· -90.7dBm/19.08MHz = -163.5dBm/Hz for band n104
· -89.2dBm/19.08MHz = -162dBm/Hz for band n102
Since the MSD is 13dB there only a very small error in calculating the equivalent Tx noise interference level and then the filter rejection in each band as:
· 165.5-13-130 = 22.5dB Tx noise rejection for n104 UL in band n78
· 162-15.5-130 = 17.5dB Tx noise rejection for n78 UL in band n102/n104
Although approximate, these rejection numbers can be used as a starting point in assessing the UL harmonic and harmonic mixing MSDs. Note that n104 has 1.5dB better REFSENS than n102, thus its MSD will be higher.
Since the n78 BW is 10MHz and n104 BW is 20MHz, the majority of the energy of UL2 spectrum is captured by the n104 DL 20MHz channel. Similarly, the DL2 BW of the n78 10MHz DL channel receives the majority of the energy of the 20MHz n104 UL, there is thus no BW correction needed.

Proposal for UL harmonic and harmonic mixing MSD evaluation: a band-to-band rejection of around 20dB is assumed between n78 to n104 for the evaluation and there is no need for BW corrections.
3 Conclusion
In this contribution, we discussed the critical issues encountered when implementing all the different bands, licensed and unlicensed operation with concurrent Rx/Tx in the 3.3-7.125GHz as a background to the assumptions that should drive the co-existence study of SimRx/Tx CA_n78-n104. We could not provide exact performance values at this meeting, but rather we focused on making concrete proposals on the architecture and feature assumptions for the minimum requirements and base our proposed values on existing specification of similar cases.
Proposal on Sim Tx/Rx: as a general principle, Sim Tx/Rx operation should be assumed between the 3.3-5GHz and 5.15-7.125GHz range and the associated CA requirements must account for increased Delta T/R with significant MSDs.

Proposal on architecture and RFFE front end performance assumptions: 
· For combinations between the 3.3-5GHz and 5.15-7.125GHz frequency ranges, the assumptions should account for the implementation of all the possible cases and not focus on an optimization for a specific two band case or feature support.
· The assumptions for minimum requirements should be based on best effort implementation with 4 antennas of a UE supporting the WW roaming bands for NR/NR-U and Wi-Fi 6/6E/7 and a possible n79 add-on and assume that n104 will share the n46/n96/n102 HW in early implementations.

Proposal on valid test points for UL harmonics and harmonic mixing: 
· Table 1 below is used for evaluation where n104 minimum CBW is corrected at 20MHz
· The copied CA_n7-n46 test point shall be corrected for the band n46 CBW
· At this time, we do not have MSD values to propose, but higher values than the respective 23.9/8.3dB initially proposed shall be expected as n77 filter used for n78 does not have the rejection that the n7 FDD UL filter + HB/VHB diplexer.

Table 3: UL2/DL1 UL harmonic and UL1/DL2 harmonic mixing test points for evaluation
	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
	25 (RBstart=0)
	1020
	23.9 TBD
	NOTE 2
	UL2/DL1 direct-hit

	n104
	n78
	20
	15
	12 (RBstart=0)
	10
	8.3 TBD
	NOTE 7
	UL1/DL2



Proposal for UL harmonic and harmonic mixing MSD evaluation: a band-to-band rejection of around 20dB is assumed between n78 to n104 for the evaluation and there is no need for BW corrections.

Proposal: 
· Delta T/R should be assessed based on 4Rx n104 implemented with a 5.15-7.125GHz filters multiplexed with a 4Rx n77 filters with 4 antennas assuming 2Tx in each band. Additional losses should be accounted for a band n79 add-on.
· The DeltaT/R values below are tentatively considered for CA_n78-n102
· DeltaT of [1.5dB/1.5dB] for n78/n104
· DeltaR of [0.5dB/0.5dB] for n78/n104

Proposal on cross band MSD: the following Table 3 is proposed for MSD test point and values.

Table 3: 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]
	>ACLR2

	n104
	n78
	6475
	100
	30
	270 (RBstart=0)
	3790
	10
	[13]
	>ACLR2
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