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1	Introduction
This is a discussion to progress the addition of CA_n71A-n85A via a TP to TR 38.717-02-01 as submitted at RAN4#106 in [2]. 
In last RAN4 meeting, Athens, Greece, 27 February –03 March 2023 following issues and WFs [1] have been agreed:
Issue 3-1b: CA_n71-n85 cross band MSD
· Proposals
· Option 1: no cross-band MSD for Nokia, TMO
· Option 2: cross band MSDs for Qualcomm, Murata and Skyworks
	Company
	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)
	

	Qualcomm
	n71
	n85
	688
	20
	15
	20 (RBstart=86)
	730.5
	7.6
	TBD
	ACLR2

	
	n85
	n71
	705.5
	15
	15
	20 (RBstart=0)
	649.5
	2.5
	TBD
	>ACLR2

	Murata
	n71
	n85
	688
	20
	15
	20 (RBstart=86)
	730.5
	5
	8.5
	ACLR2

	
	n85
	n71
	705.5
	20
	15
	20 (RBstart=0)
	649.5
	5
	4.5
	> ACLR2

	Skyworks
	n71
	n85
	688
	20
	15
	20 (RBstart=86)
	730.5
	5
	[13.6]
	ACLR2

	
	n85
	n71
	705.5
	15
	15
	20 (RBstart=0)
	649.5
	5
	none
	>ACLR2


· Moderator: 
· For Qualcomm: based on the discussion part we assume that the numbers in the DL BW column is actually the MSD and DL BW is 5MHz
· For Murata: We assume this is 15MHz UL like in the discussion part of the paper (only 15MHz UL feasible in n85)
· Recommended WF
· Agree that MSD needs to be specified according to cross band MSD rules (highest UL CBW in lowest DL CBW is used
· MSD for n71 UL in n85 DL: there is agreement on the test point definition but differences in MSD values due to assumptions.
· MSD for n85 UL in n71 DL: Assuming 15MHz n85 UL there is agreement on the test point definition but differences in MSD values due to assumptions.
· Test points and values are discussed amongst experts
Issue 3-1c: CA_n71-n85 IMD2 issue
· Observation 1: 2-antenna case for n85 UL has very large TX IM2 making only 1 of the 2 antennas useful, unless filter performance is improved (Murata)
· Recommended WF
· Discuss how to handle IMD2 issue

2 	Dual Triplexer approach
Figure 1 illustrates the dual triplexer approach with UL on each antenna. The triplexers of Figure 1 are placed in the RF front end as shown in Figure 2.



[bookmark: _Ref126070035]Figure 1: Frequency separation, CA_n71-n85 using triplexers on each antenna.


[bookmark: _Ref126070208][bookmark: _Ref126070177]Figure 2: Dual triplexer approach with UL on each antenna.
References [2], [3], [4] and [5] describe the analysis that has been done by Nokia/T-Mobile, Skyworks, Qualcomm and Murata, respectively. There is agreement on the two-antenna solution and highest UL CBW in the lowest DL CBW for test point definition. There is no agreement on level of MSD on victim bands due to the IMD5 creating ACLR2 of the n71 PA in a 20 MHz uplink configuration and the IMD9 creating ACLR4 of the n85 PA in a 15 MHz uplink configuration. The major underlying parameters in the analysis provided by companies are:
· TX noise of aggressor band in victim RX band
· The existing Duplexer isolation/rejection of aggressor TX band in RX band
· Additional isolation/rejection of aggressor TX band achieved in triplexer design

Table 1 shows what the above four companies have used in the level planning for defining the MSD outcomes. The case for CA_71-85 with n71 as aggressor is shown in Table 1 for analysis, since the highest MSD has been defined for this case.  
[bookmark: _Ref129944125]Table 1: Summary of design assumptions and MSD results from the proposals in RAN4#106
	 
	Murata [5]
	QC [4]
	SWKS [3]
	Nokia / TMO [2]
	 

	TX noise in RX band (20MHz aggressor, 5MHz Victim)
	-42
	-46
	-40.6
	-46
	[dBm]

	Duplexer isolation / rejection of aggressor TX band in RX CA band
	40
	50
	42
	45
	[dB]

	Additional isolation / rejection achieved in triplexer design
	0
	0
	0
	15
	[dB]

	MSD
	8.5
	7.6
	13.8
	0.4
	[dB]



The companies are agreeing on two-antenna solution. The TX noise in the RX band levels is very close with the worst level from [3]. The major difference is on the triplexer attenuation level where it seems that the data for existing duplexers has been used indicating that the duplexer is connected loss-less to the bandpass filter of the RX victim band. This possibility of having additional attenuation has been discussed in [2] in form of a “diplexer”.  In this document, some additional information on what the similarity is between this “diplexer” approach and the matching network within the triplexer of the other proposals [3,4,5], shown as a “question mark” in Figure 3. In references [3], [4], [5], the requirement for this matching network is not mentioned. The level of rejection of the RX victim band is related to the TX in-band IL, but an analysis of the trade-off between the TX in-band IL and the attenuation level of this matching network is missing. 



[bookmark: _Ref129944360]Figure 3: Triplexer architecture with question on the matching network topology 
Observation 1: The major difference is on the triplexer attenuation level where it seems that the data for existing duplexers has been used indicating that the duplexer is connected loss-less to the bandpass filter of the RX victim band.
Furthermore, our understanding is that the isolation/rejection of the aggressor TX band in the RX band (app. 40 dB by SWKS and Murata) is a number based on the existing duplex filter attenuations. In the discussion of the front-end architecture for two-antenna together with two triplexers, the design aspects of the proposed triplexers for two-antenna architecture are to be clarified. 
Observation 2: Our understanding is that the isolation/rejection of the aggressor TX band in the RX band (app. 40 dB by SWKS and Murata) is a number based on the existing duplex filter attenuations.
Proposal 1: The design aspects of the proposed triplexers for two-antenna architecture are to be clarified. 

2.1 Low pass filtering of aggressor TX in the matching network of triplexer
The matching network topology on the antenna port of the triplexer, which can be considered as a “diplexer”, is very important for this specific triplexer supporting LB-LB with the two-antennas solution. In Figure 4, we show how the matching network on the antenna port of the triplexer could eventually include LPF characteristics to provide additional attenuation of the TX aggressor between the duplexer “antenna port” and the bandpass “antenna port”. A trade-off analysis between TX insertion loss and the attenuation level of victim RX band is needed for the decision on the specification of maximum sensitivity degradation.  
Observation 3: The matching network topology on the antenna port of the triplexer, which can be considered as a “diplexer”, is very important for this specific triplexer supporting LB-LB with the two-antennas solution.
Proposal 2: A trade-off analysis between TX insertion loss and the attenuation level of victim RX band is needed for the decision on the specification of maximum sensitivity degradation.  




[bookmark: _Ref129946809]Figure 4: Low pass filtering of TX aggressor in “diplexer” matching network of triplexer.


2.2 Duplexer isolation of the aggressor TX band in RX victim band
In duplex filters, there are generally no stringent attenuation requirements on the opposite side of the TX-RX gap of the TX filter and the major focus is to achieve high isolation near the TX-RX gap. In the LB-LB discussion [6] with the new architecture of using two-antennas a triplexer approach has been introduced, it is relevant to discuss the attenuation of TX noise in RX victim band, and not only focus on the high isolation near the TX-RX gap. The duplexer can improve the TX aggressor interference level with minor impact on TX IL. Figure 5 shows the block diagram of this proposal. A trade-off analysis between TX insertion loss and additional attenuation in duplexers at the upper side of the n71 TX filter and the lower side of the n85 TX filter is needed for the decision on the specification of maximum sensitivity degradation. Specification for the level of this extra attenuation versus TX IL needs to be investigated by FEM vendors. Considering the effort of redesigning the duplexer, the alternative may be using the matching proposed in section 2.1, since the filters can be re-used taking that approach.  
Observation 4: In duplex filters, there are generally no stringent attenuation requirements on the opposite side of the TX-RX gap of the TX filter and the major focus is to achieve high isolation near the TX-RX gap.
Proposal 3: Additional attenuation in duplexers at the upper side of the n71 TX filter and the lower side of the n85 TX filter is needed. Considering the effort of redesigning the duplexer, the alternative may be using the matching proposed in section 2.1, since the filters can be re-used taking that approach.



[bookmark: _Ref129946640]Figure 5: Applying slightly additional attenuation in duplexers at upper side of n71 and lower side of n85 TX filter.


2.3 Feasibility of the existing triplexers
Based on discussion at RAN4#106 on the feasibility of existing triplexers and provided data from different vendors it is suggested to progress with the introduction of the requested band combination to settle the MSD values due to cross band issue based on averaging.
Proposed MSDs and average values are presented in Table 2 and 3 
Table 2: MSD averaging for CA_n71-n85 (n71 is UL)
	Company
	MSD
[dB]
	MSD
[W]
	
	Considered Proposals
	Average
 [W]
	Average
 [dB]

	Murata
	P1
	8,5
	0,007079
	
	P1, P2, P3, P4
	0,00948
	9,77

	Qualcomm
	P2
	7,6
	0,005754
	
	P1, P2, P3
	0,012274
	10,89

	Skyworks
	P3
	13,8
	0,023988
	
	P1, P2
	0,006417
	8,07

	Nokia
	P4
	0,4
	0,001096
	
	
	
	



Table 2: MSD averaging for CA_n71-n85 (n85 is UL)
	Company
	MSD
[dB]
	MSD
[W]
	
	Considered Proposals
	Average
 [W]
	Average
 [dB]

	Murata
	P1
	4,5
	0,002818
	
	P1, P2, P3, P4
	0,001649
	2,17

	Qualcomm
	P2
	2,5
	0,001778
	
	P1, P2, P3
	0,001865
	2,71

	Skyworks
	P3
	0
	0,001
	
	P1, P2
	0,002298
	3,61

	Nokia
	P4
	0
	0,001
	
	
	
	



Based on the presented values is it suggested to agree MSD as 9.7 for CA_n71-n85 (n71 is UL) and 2.1 for CA_n71-n85 (n85 is UL).
Proposal 5: Agree on the TP as given in section 5.
  
3	Conclusion
In this contribution, we have shown some mechanisms to be discussed with major FEM vendors for LB-LB cross-band issues specifically in CA_n71-n85 to avoid suffering MSD due to own Tx.
TO BE UPDATED
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5	TP to 38.717-02-01
Based on the previous proposed values for MSD for cross-band isolation issues the TP as first presented in [2] have been revised as the following.
************************************* Start of TP*****************************************
[bookmark: _Toc519555228][bookmark: _Toc669][bookmark: _Toc20225][bookmark: _Toc29077][bookmark: _Toc11695][bookmark: _Toc30773][bookmark: _Toc12305][bookmark: _Toc26051][bookmark: _Toc26302][bookmark: _Toc27131][bookmark: _Toc523930200][bookmark: _Toc24456][bookmark: _Toc13133208][bookmark: _Toc9607697][bookmark: _Toc26717][bookmark: _Toc26029][bookmark: _Toc3929][bookmark: _Toc31741][bookmark: _Toc20042][bookmark: _Toc25515][bookmark: _Toc2826][bookmark: _Toc22784][bookmark: _Toc23125]6.x		CA_n71-n85
[bookmark: _Toc28464][bookmark: _Toc2064][bookmark: _Toc3627][bookmark: _Toc27441][bookmark: _Toc18213][bookmark: _Toc13284][bookmark: _Toc9289][bookmark: _Toc1826][bookmark: _Toc30123][bookmark: _Toc519555229]6.x.1	Common for 1 band UL and 2 bands UL CA
[bookmark: _Toc2007][bookmark: _Toc28474][bookmark: _Toc14976][bookmark: _Toc12979][bookmark: _Toc2439][bookmark: _Toc27776][bookmark: _Toc10753][bookmark: _Toc23877][bookmark: _Toc159]6.x.1.1 Operating bands for CA
Table 6.X.1.1-1: CA band combination of band n71+n85
	NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	n71
	663 MHz
	–
	698 MHz
	617 MHz
	–
	652 MHz
	FDD

	n85
	698 MHz
	–
	716 MHz
	728 MHz
	–
	746 MHz
	FDD


[bookmark: _Toc519555230][bookmark: _Toc15808][bookmark: _Toc14119][bookmark: _Toc462][bookmark: _Toc11575][bookmark: _Toc20752][bookmark: _Toc1681][bookmark: _Toc17847][bookmark: _Toc27654][bookmark: _Toc2604]6.x.1.2	Channel bandwidths per operating band for CA
Table 6.x.1.2-1: Supported bandwidths per CA band combination of band n5+n77 
	CA operating/channel bandwidth [MHz]

	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n71A-n85A
	-
	n71
	See n71 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n85
	See n85 channel bandwidths in Table 5.3.5-1
	



[bookmark: _Toc9618][bookmark: _Toc5347][bookmark: _Toc26475][bookmark: _Toc30873][bookmark: _Toc27059][bookmark: _Toc2025][bookmark: _Toc519555231][bookmark: _Toc21940][bookmark: _Toc30863][bookmark: _Toc4345]6.x.1.3	Co-existence studies
Table 6.x.1.3-1/2 summarizes frequency ranges where harmonics and/or harmonics mixing occur for CA_n71-n85.
Table 6.x.1.3-1: Impact of UL/DL Harmonic 
	 
	 
	 
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th Harmonic

	 
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	n71
	663
	698
	617
	652
	1326
	1396
	1989
	2094
	2652
	2792
	3315
	3490

	n85
	698
	716
	728
	746
	1396
	1432
	2094
	2148
	2792
	2864
	3490
	3580


Based on above table, there is no harmonic interference.


Table 6.x.1.3-2: Impact of UL/DL Harmonic mixing
	 
	 
	 
	 
	 
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	n71
	663
	698
	617
	652
	1234
	1304
	1851
	1956
	2468
	2608
	3085
	3260

	n85
	698
	716
	728
	746
	1456
	1492
	2184
	2238
	2912
	2984
	3640
	3730


[bookmark: _Toc25214][bookmark: _Toc18572][bookmark: _Toc750][bookmark: _Toc25356][bookmark: _Toc519555232][bookmark: _Toc3517][bookmark: _Toc21187][bookmark: _Toc27850][bookmark: _Toc21552][bookmark: _Toc27171]Based on above table, there is no harmonic mixing issue for CA_n71-n85.
Based on the analysis of cross-band interference provided by multiple companies the cross-band isolation issue of CA_n71A-n85A is address via MSD as defined in Table 6.x.1.3-3.
Table 6.x.1.3-3: 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)
	

	n71
	n85
	688
	20
	15
	20 (RBstart=86)
	730.5
	5
	9.7
	ACLR2

	n85
	n71
	705.5
	15
	15
	20 (RBstart=0)
	649.5
	5
	2.1
	>ACLR2



6.x.1.4	∆TIB and ∆RIB values
For CA_n71-n85, the TIB,c and RIB values are based on CA_n12-n71.
Table 6.x.1.4-1: ΔTIB,c due to NR CA (two bands)
	Inter-band CA combination
	ΔTIB,c for NR bands (dB)9

	
	Component band in order of bands in configuration10

	CA_n71-n85
	1
	1

	NOTE 9:	“-” denotes ΔTIB,c = 0.
NOTE 10:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n3 the band order from left to right is n1 and n3.



Table 6.x.1.4-2: ΔRIB,c due to NR CA (two bands)
	Inter-band CA combination
	ΔRIB,c for NR bands (dB)8

	
	Component band in order of bands in configuration9

	CA_n71-n85
	0.8
	0.8

	NOTE 8:	 “-” denotes ΔRIB,c = 0.
NOTE 9:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n77 the band order from left to right is n1 and n77.


[bookmark: _Toc519555233][bookmark: _Toc6103][bookmark: _Toc29458][bookmark: _Toc6156][bookmark: _Toc21628][bookmark: _Toc26314][bookmark: _Toc3522][bookmark: _Toc23560][bookmark: _Toc22846][bookmark: _Toc13081]6.x.1.5	REFSENs requirements
[bookmark: _Toc3844][bookmark: _Toc26816][bookmark: _Toc11705][bookmark: _Toc17476][bookmark: _Toc22796][bookmark: _Toc30421][bookmark: _Toc30210][bookmark: _Toc30950][bookmark: _Toc20854]There are no specific REFSENS requirements for 1 band UL
6.x.1.6	OOB blocking exception requirements
There is no OOB exception for the CA combination. This since the need of additional OBB exception requirement for the band combinations is only valid for a wideband (e.g. n77/n78/n79) when paired with a low frequency band (< 1 GHz).
Table 6.x.1.6-1: CA band combination with exceptions allowed
	CA band combination

	No exceptions

	

	



************************************* End of TP*****************************************
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