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1	Introduction
This is a TP to TR 38.717-02-01 to add CA_n71A-n85A.
The TP is containing a response to the issues of the way forward[footnoteRef:2] on issue 1-1: 1UL CA_n71-n85 architecture and requirement from last meeting that includes an analysis for the UE RF front-end architecture: [2:  R4-2220560 WF on 1UL CA_n71-n85 architecture and requirement - 3GPP TSG-RAN WG4 Meeting #105] 

· Agreement:
· Dual triplexer approach can be used as a start with UL on each antenna
· n29 band protection level needs to be clarified as follows
· When the uplink is n71, the protection level of n29 is -38 dBm/MHz 
· When the uplink is n85 there is no protection for n29 
· 3 antennas not precluded
· Companies encouraged to bring proposals for MSD for UL n71 into DL n85, and UL n85 into DL n71
· Companies encouraged to check potential MSD for non-CA n71 and n85 REFSENS
· This is because in case of triplexer the IL and isolations may be degraded compared to single band isolations

2 	Dual Triplexer approach
Figure 1 illustrates the dual triplexer approach with UL on each antenna. The triplexers of Figure 1 are placed into 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.
The problem using a triplexer is that the duplexer must provide high attenuation of both corner frequencies of the n71 UL filter. This has a relative bandwidth of 35MHz/680.5MHz = 5.14% which will challenge the insertion loss, cost and size of the triplexer. Since the requirement for designing the uplink filter of the duplexer in the triplexer approach will challenge the uplink filter on both upper and lower frequency region, we look at an alternative solution to this architecture.  
We propose the architecture of Figure 3 in the discussion for analysis of cross-band isolation. Instead of assuming a triplexer we propose to combine existing duplexers and bandpass filters through a diplexer that will assist to the needed attenuation between the bands helping to relax the requirement to the uplink duplexer path.


[bookmark: _Ref126070341]Figure 3: Proposed architecture with UL on each antenna.
This architecture is using discrete diplexers and filters/duplexers in main TRx and diversity TRx. The discrete filters/duplexers architecture provides flexibility of designing these components with additional attenuation for UL noise into aggregated DL band. For n71 UL and n85 DL, this is achieved in Main TRx path by the diplexer which can be designed to provide attenuation of the n71 UL in the n85DL and designing the TX path of n71 duplexer with a steeper attenuation at the higher edge of pass-band frequency (close to n85 DL). Furthermore, n85 DL is also protected by antenna isolation (approximately 10 dB). Same mechanism is valid for n85 UL and n71 DL. This will relax the requirements for cross-band isolation. Figure 4 shows the implementation aspect of the proposed architecture:


[bookmark: _Ref127368697]Figure 4: Implementation aspect of the proposed architecture.

2.1	Cross-band isolation calculation 
Based on the proposed architecture in Figure 3, we provide an MSD analysis for UL n71 into DL n85, and UL n85 into DL n71 using the RF Front-End parameters shown respectively in Figure 5 and Figure 7. We have simulated the IMD5 of the n71 PA in a 20 MHz uplink configuration and the IMD9 of n85 PA in a 15 MHz uplink configuration.
For n71 we simulate -45.98 dBm noise in a 5 MHz receive channel BW (that of n85).
For n85 we simulate -52.61 dBm noise in a 5 MHz receive channel BW (that of n71).



[bookmark: _Ref127369698]Figure 5: Block diagram illustrating noise levels for each stage for UL n71 into DL n85 for 45dB duplexer TX to antenna attenuation.
Figure 6 shows the levelplan calculations extracting MSD requirements. Since requiring additional TX to antenna attenuation in duplexer may compromise the in-band IL, we use 3 different attenuation levels in the duplexers, i.e. 55 dB, 50 dB and 45 dB. In case the duplexer cannot meet the attenuation demand towards the other band, we expect the diplexer may compensate the lack in the duplexer. We have conservatively used 15dB in the levelplan.
[image: ]
[bookmark: _Ref126070094]Figure 6: n85 MSD evaluation for CA_n71-n85 with TX-Antenna duplexer attenuation of 55, 50 and 45 dB.
We find that the issue of crossband isolation is sufficient in the RF front-end architecture of Figure 5.



[bookmark: _Ref127369722]Figure 7: Block diagram illustrating noise levels for each stage for UL n85 into DL n71 for 45 dB duplexer TX to antenna attenuation.
Figure 8 shows the levelplan calculations extracting MSD requirements. Since requiring additional TX to antenna isolation in duplexer may compromise the in-band IL, we use 3 different attenuation levels in the duplexers, i.e. 55 dB, 50 dB and 45 dB. Same as described for Figure 6 the diplexer may complement the attenuation towards the other band beyond 15dB.


 [image: ]
[bookmark: _Ref126070143]Figure 8: n71 MSD evaluation for CA_n71-n85 with TX-Antenna duplexer attenuation of 55, 50 and 45 dB.
We find that the issue of crossband isolation is sufficient in the RF front-end architecture of Figure 7.
From the analysis of the 1UL case of each band and worst-case TX to antenna attenuation in duplexer, i.e. 45 dB, it is found that the cross-band interference is negligible for the CA combination and section 5.x.1.3 Co-existence studies is updated to contain the outcome of the above analysis. 

3	Conclusion
In this contribution we have shown that CA_n71-n85 do not suffer MSD due to own Tx and provided a TP for TR.


************************************* 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]5.x		CA_n71-n85
[bookmark: _Toc28464][bookmark: _Toc2064][bookmark: _Toc3627][bookmark: _Toc27441][bookmark: _Toc18213][bookmark: _Toc13284][bookmark: _Toc9289][bookmark: _Toc1826][bookmark: _Toc30123][bookmark: _Toc519555229]5.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]5.x.1.1 Operating bands for CA
Table 5.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]5.x.1.2	Channel bandwidths per operating band for CA
Table 5.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]5.x.1.3	Co-existence studies
Table 5.x.1.3-1/2 summarizes frequency ranges where harmonics and/or harmonics mixing occur for CA_n71-n85.
Table 5.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 5.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 there is no cross-band isolation issue of CA_n71A-n85A.

5.x.1.4	∆TIB and ∆RIB values
For CA_n71-n85, the TIB,c and RIB values are based on CA_n12-n71.
Table 5.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 5.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]5.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
5.x.1.6	OOB blocking exception requirements
There is no OOB exception for the CA combination.
************************************* End of TP*****************************************
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