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Introduction
Analysis and proposals on CA_n5-n8 are provided in this contribution.
Discussion
The objectives of SI [1] are as follows:
· Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands and simultaneous reception on two or three bands for the band combination of 700, 800 and 900MHz spectrum for smart phone form factor
· The following band combinations will be considered. And the feasibility study on three band combination will start after the completion of feasibility study of all the fallback band combinations.
· CA_n8-n20-n28 with uplink configurations of CA_n8-n20, CA_n8-n28, CA_n20-n28, and the fallback modes 
· CA_n5-n8 with uplink configuration of CA_n5-n8, and the fallback modes
Note1: Spectrum restrictions should be studied to solve overlap of band n5 downlink and band n8 uplink
Note2: The current filter is used as the baseline. Further study whether or not to have new solutions.
· CA_n5-n28 (full range) with uplink configuration of CA_n5-n28.

Summary of band combinations considered in the SI
	Configuration
	Uplink configuration
	Supported operators

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	Vodafone, Telecom Italia, Orange, Deutsche Telekom

	CA_n5-n8
	CA_n5-n8
	China Telecom, Spark NZ, China Unicom

	CA_n5-n28
	CA_n5-n28
	Spark NZ



· The following aspects need be studied
· UE architecture including n-plexing, PA
· Study feasibility of low band wideband antenna
· Performance due to impacts including inter-modulation products
· Method to manage the inter-modulation product impacts
Note: Revisit in RAN#98 whether additional aspects need to be added.

· Power class 3 (PC3) is considered in this study
· Identify potential impacts to relevant RAN4 requirements.

WF from RAN4#105
2	RF architectures
2.1	Baseline RF architecture
Way forward: 
Full n5 and n8 RF filters are agreed as a baseline.
Note: This agreement does not preclude analysis using dedicated RF filters to be captured in the TR. This agreement does not preclude considering dedicated RF filters as discussed in section 7.
2.2	Information to be captured in TR with each RF architecture
Way forward: 
Each RF architecture captured in TR should have an assessment on MSD, potential antenna challenges and RF filter challenges
3	Number of antennas to be used for deriving requirements
It was agreed in previous meeting that the decision on if 2 or 3 antenna RF architecture is used to specify requirements would be made only in WI phase. While this agreement certainly offers the flexibility, the work is not converging. It is suggested to make further agreements here.
Way forward:
Two-antenna architecture is agreed to be used as baseline.
Three-antenna architecture can be also analysed.  
[bookmark: _Hlk126662899]4	Overlap of n5 DL and n8 UL with baseline RF architecture
There have been multiple contributions and a lot of discussion on how to manage the overlap between n5 DL and n8 UL when full band n5 and n8 RF filters are used. This topic is essential to be solved to finalise the SI. We need to converge the work, so concrete options are proposed as WF
Way forward:
Companies to propose which of the methods is used to manage the overlap of n5 DL and n8 UL
· Option 1: Restricting UL support to n5 UL only
· Option 2: 2UL but Non-concurrent operation between n5 DL and n8 UL
· NOTE: Check if this kind of configuration is allowed according to current RAN2 specifications
5	Baseline RF architecture for deriving the requirements
The work seems to be converging towards either architectures supporting n5 UL only in CA_n5-n8 or architectures supporting 2UL but non-concurrent operation of n5 DL and n8 UL. For both of these high-level alternatives there are a few different RF architecture options. 
The following architectures have been discussed:
Two antenna:
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Three antenna:
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[bookmark: _Hlk126669085]Way forward:
Companies to propose which RF architecture is used derive requirements
NOTE: Requirements are not specified during the SI
6	MSD/ΔTIB/ΔRIB evaluations
While no requirements are to be specified during SI phase, it is still beneficial to collect companies evaluations on different architectures.
Way forward:
[bookmark: _Hlk126855142]Companies to provide evaluations on the architectures illustrated in section 5 and in section 7:
•	CA_n5-n8 with n5 UL only: 
o	n8 Cross-band MSD
o	ΔTIB/ΔRIB
o	REFSENS impact due to the loading of the overlapping n8 UL and n5 DL, if applicable in the architecture  
•	CA_n5-n8 with 2UL and non-concurrent n8 UL and n5DL: 
o	n8 Cross-band MSD for 1UL and 2UL
NOTE: For 2UL there is no IMD, but still if 1UL Cross-band MSD is >0dB, then also respective 2UL cross-band MSD may be >0dB
o	ΔTIB/ΔRIB
•	CA_n5-n8 with concurrent 2UL/2DL using dedicated RF filtering 
o	Cross-band MSD for 1UL and 2UL
NOTE: For 2UL there is no IMD, but still if 1UL Cross-band MSD is >0dB, then also respective 2UL cross-band MSD may be >0dB
o	ΔTIB/ΔRIB
7	Usage of dedicated RF filters
This topic is very important to be captured properly in the TR, with the purpose to support 2UL 2DL concurrent operation. A clear distinction between full band n5 and n8 RF filters and dedicated RF filters must be made, and the conditions under which requirements could be specified using dedicated RF filters must be clarified.
7.1	Information to be captured in TR 
Way forward:
RF architectures using dedicated filters can be captured in TR, but they shall not be mixed with RF architectures using full band n5 and n8 RF filters
Each RF architecture captured in TR should have an assessment on MSD, potential antenna challenges and RF filter challenges

The following RF architectures have been discussed:
NOTE: nX and nY mean the restricted frequency ranges in table below.
	
	UL
	DL

	Frequency x (800MHz)
	824MHz - 835MHz
	869MHz - 880MHz

	Frequency y (900MHz)
	904MHz - 915MHz
	949MHz - 960MHz



Two antenna:
 
[image: ]
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Three antenna:
 [image: ]
7.2	Conditions for using dedicated RF filters in specifying requirements
Way forward: 
Study the conditions under which requirements could be specified using dedicated RF filters
· Option 1: New bands would be required
· Option 2: New bands would not be required
· Option 3: Other
Considerations
Overlap of n5 DL and n8 UL with baseline RF architecture
WF listed two options for this topic:
· Option 1: Restricting UL support to n5 UL only
· Option 2: 2UL but Non-concurrent operation between n5 DL and n8 UL
· NOTE: Check if this kind of configuration is allowed according to current RAN2 specifications
In our view, Option 1 should be adopted. That enables to use existing n5 and n8 RF filters, and importantly offers true throughput increase in DL CA. Impact of n8 UL must be eliminated in CA_n5A-n8A which must be accounted in ΔTIB/ΔRIB.
Option 2 would increase UL capacity by UL CA, but the drawback would be reduced DL capacity and also increased scheduling complexity. In addition, RF filters should be modified to combine n5Rx and n8 TX into a single wider passband filter, resulting as a n5 TX-n5RX_n8TX-n8 RX -triplexer with very challenging frequency arrangements. Currently band 8 is one of the most challenging duplexers, and in the triplexer the frequency arrangements would be even more challenging due to wider passband. In option 2, in our understanding the configuration would be “2DL/2UL”, but the network should account in scheduling that n8 UL and n5 DL cannot happen concurrently.
Proposal 1: Restrict UL support to n5 only for CA_n5A-n8A with full n5/n8 RF filters
Baseline RF architecture for deriving requirements
WF just stated that companies should propose which RF architecture is used to derive the requirements:
Companies to propose which RF architecture is used derive requirements
NOTE: Requirements are not specified during the SI
Aligned with our proposal in 3.1, we are proposing to use the RF architecture which supports DL CA_n5A-n8A with n5 UL only. The architecture should be such, according to 3GPP principles, that it allows certain amount of implementation flexibility. 
Logically, the DL CA_n5A-n8A is supported by a triplexer (n5TRX-n8RX) and RX duplexer (n5RX-8RX). Triplexing and possibly switching off n8 UL causes some additional TX/RX losses which are accounted by ΔTIB/ΔRIB.
We propose to use the following architecture to derive the requirements, accounting that some ΔTIB/ΔRIB is required to deal with LB-LB combining and dealing with removal of n8 UL.
Proposal 2: Use the following RF architecture to derive the baseline requirements, accounting that some ΔTIB/ΔRIB is required to deal with LB-LB combining and dealing with removal of n8 UL.
  [image: ]
MSD/ΔTIB/ΔRIB evaluations
WF stated companies to provide evaluations on the architectures:
•	CA_n5-n8 with n5 UL only: 
o	n8 Cross-band MSD
o	ΔTIB/ΔRIB
o	REFSENS impact due to the loading of the overlapping n8 UL and n5 DL, if applicable in the architecture  
•	CA_n5-n8 with 2UL and non-concurrent n8 UL and n5DL: 
o	n8 Cross-band MSD for 1UL and 2UL
NOTE: For 2UL there is no IMD, but still if 1UL Cross-band MSD is >0dB, then also respective 2UL cross-band MSD may be >0dB
o	ΔTIB/ΔRIB
•	CA_n5-n8 with concurrent 2UL/2DL using dedicated RF filtering 
o	Cross-band MSD for 1UL and 2UL
NOTE: For 2UL there is no IMD, but still if 1UL Cross-band MSD is >0dB, then also respective 2UL cross-band MSD may be >0dB
o	ΔTIB/ΔRIB
CA_n5-n8 with n5 UL Only:
For DL CA_n5A-n8A with n5 UL only we evaluate the following. Please note that these are to be further analyzed and specified during WI phase.
-ΔTIB/ΔRIB at 0.5..0.8dB. This includes the impact of LB-LB combining and removal n8 UL 
-No Cross-band MSD, due to separation of n5 UL and n8 DL
CA_n5-n8 with concurrent 2UL/2DL using dedicated RF filtering:
For CA_n5A-n8A with dedicated RF filtering we evaluate the following. Please note that these are valid only in case it is agreed to specify requirements using dedicated RF filters and are to be further analyzed and specified during WI phase.
-ΔTIB/ΔRIB at 0.5dB. This includes the impact of LB-LB combining
-For n5 UL, No Cross-band MSD, due to separation of n5 UL and n8 DL
-For n8 UL, Cross-band MSD need to be specified. We will provide detailed analysis in WI phase if it is agreed to specify requirements using dedicated RF filters. We have provided early estimates earlier, where the MSD was around 10dB.
-For UL CA, there are no IMD issues, however the non-zero n8 UL MSD prevails also in case of UL CA, so hence UL CA MSD needs to be specified as well. For simplicity, we propose to use the same MSD number and test point as in n8 UL cross-band case as much as possible.

Usage of dedicated RF filtering 
Information to be captured in TR
We propose the following RF architecture and associated MSD and antenna considerations to be included in the TR, as it adds more implementation flexibility compared to architectures already included in the TR in which both UL’s are transmitted from same antenna.
[image: ]
Proposal 3: Include RF architecture consisting of two triplexers using dedicated RF filters in the TR as one implementation option
Conditions for using dedicated RF filters in specifying requirements
As agreed, full n5/n8 RF filters are used as a baseline for specifying the requirements. In WF [2], it was agreed to consider conditions under which requirements could also be specified using dedicated RF filters.
It is obvious that the baseline requirements using full n5/n8 Rf filters and the requirements, if specified, using dedicated RF filters must be distinguishable.
In our view, the point of discussion is whether it is possible to clearly distinguish requirements supported by full n5/n8 RF filters and requirements made with dedicated RF filters. We discuss both aspects of the topic. 
In case new bands would not be defined, there should be a way to clearly indicate when requirements specified using dedicated filters apply. Below the show an example illustration.


[image: ]
In the example above, the following is assumed:
-UE with full n5/n8 RF filters can only use n5 UL in CA_n5A-n8A
-UE with dedicated RF filters supporting just CU/CT spectrum can use single UL on n5 or n8
-UE with dedicated RF filters supporting just CU/CT spectrum can use UL CA
With this approach, UE would be signaling support of n8 UL, and support of UL CA only when it has dedicated RF filters supporting CU/CT spectrum. At first sight this looks pretty attractive, however there are also weaknesses in this approach. In case the restricted frequencies would change, notes and signaling n8 UL or UL CA support would be ambiguous. Bands n5 and n8 are allocated in quite many Region 2 countries, so the discussion here is general even at the moment this combination is promoted and requested by CU/CT.
In case the new restricted frequencies would be confined (=fully inside) the original restricted frequencies, there would be no issues as the RF performance would not be impacted. In case the new restricted frequencies were be even partially outside the original restricted frequencies, issues would emerge. It seems not possible to indicate new restricted frequencies by notes, as in this case there would need to be new notes, say Note 12 and Note 13 including restrictions to new restricted features in similar fashion as Notes 10 and 11 do. Currently there seems to be no method to distinguish between say Note 10 and Note 12, and hence the original idea of UE indicating n8 UL and UL CA support only for when it has dedicated RF filters would no longer work.
Assume there are two UE’s, one equipped with dedicated RF filters for original restricted frequencies and one equipped with dedicated RF filters for new restricted frequencies. Both UE’s would be indicating support of n8 UL and UL CA as per the notes (Older UE according to Notes 10 and 11, and newer UE according to Notes 12 and 13). Network obviously support frequencies according to Notes 10 and 11, or Notes 12 and 13, but not for both Notes 10, 11 and Notes 12, 13. UE supporting the restricted frequencies supported by the network would work fine, but UE supporting different frequency restrictions would not work. Country codes or other triggers could possibly be used, but even they seem not to solve the issue in case any country where CA_n5-n8 would be used changes their spectrum assignments.
Our current understanding is that not specifying new bands for dedicated frequency ranges, i.e. handling restrictions by notes seems not to be a future-proof solution. However, in case a robust future-proof solution is found without specifying new bands, it can of course be discussed.
Specifying new bands just for the restricted frequency ranges would be fairly a heavy measure, but on the other hand it would offer 100% robustness in specifications. Another thing that speaks on behalf of new bands is that in any case, to be able to meet the 3GPP requirements and to function well, UE would need the dedicated RF filters to support n8 UL and UL CA for CA_n5-n8. Also, having notes to specify requirements within a portion of a legacy band which is not originally specified as a split band (like n28 is) would blur the definition of FDD band.
Based on this discussion, our preference would be to specify new bands, to make sure that the solution is clear from specification perspective and also not limiting other possible allocations in future.  
Proposal 4: If requirements are specified using dedicated RF filters for n5/n8, new bands are specified according to restricted frequencies.
Proposal 5: In case a future-proof method to distinguish different restricted frequency ranges without specifying new bands is found, it should be compared against the alternative of specifying new bands and better solution of the two should be chosen


Conclusion
Considerations on CA_n5A-n8A was provided with the following proposals.
Proposal 1: Restrict UL support to n5 only for CA_n5A-n8A with full n5/n8 RF filters
Proposal 2: Use the following RF architecture to derive the baseline requirements, accounting that some ΔTIB/ΔRIB is required to deal with LB-LB combining and dealing with removal of n8 UL.
[image: ]
Proposal 3: Include RF architecture consisting of two triplexers using dedicated RF filters in the TR as one implementation option
Proposal 4: If requirements are specified using dedicated RF filters for n5/n8, new bands are specified according to restricted frequencies.
Proposal 5: In case a future-proof method to distinguish different restricted frequency ranges without specifying new bands is found, it should be compared against the alternative of specifying new bands and better solution of the two should be chosen
Reference
[1] [bookmark: _Hlk859252]RP-222554, “Revised WID: Study on enhancement for 700/800/900MHz band combinations for NR”, CATT 
[2] R4-222508, “WF on UE architecture and other aspects for CA_n5-n8”, Qualcomm Inc.
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+ Quad-plexer is the “natural” upgrade from current architecture,
+one UL antenna
+ Dual triplexer approach easier, smaller BW/antenna but two UL antennas
- n8 UL on separate antenna for other LBLB combinations
! Both do not work with full band n8 UL and n5 DL as filters load each over in the
overlapped part => n8 UL needs a dedicated switch to be removed
--- n8 UL can still block n5 DL on top of huge MSD
= n8 UL needs a dedicated switch to be removed and no n8 UL
= Alternatively, an additional restricted band n8 UL filter would be needed
EVEN IF n8 UL IS NOT USED IN BOTH 1UL AND 2UL CONFIGURATIONS, A
DEDICATED HARDWARE IS NEEDED COMPARED TO SINGLE BAND
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+ Easier triple duplexer approach and n28 dual duplexer, Smaller BW/antenna

- Two UL antennas, three LB antennas

-n8 UL and n5 DL filters still loading each other via the 10dB antenna coupling

--- n8 UL can still block n5 DL on top of huge MSD

= n8 UL needs a dedicated switch to be removed and no n8 UL

= Alternatively, an additional restricted band n8 UL filter would be needed
THREE ANTENNA DOES NOT SOLVE THE n8 UL ISSUE BETTER THAN 2 ANTENNA
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The following notes are applied to the above tables:

NOTE 1: This UE channel bandwidth is applicable only to downlink.

NOTE 2: The minimum requirements for intra-band contiguous or non-contiguous CA apply.

NOTE 3: The SCS of each channel bandwidth for NR band refers to Table 5.3.5-1

NOTE 4: This UE channel bandwidth is optional in this release of the specification

NOTE5: Forthis bandwidth, the minimum requirements are restricted to operation when carrier is
configured as an SCell part of DC or CA configuration.

NOTE6: Forthis bandwidth, the minimum requirements are restricted to operation when carrier is
configured as an downlink SCell part of CA configuration

NOTE7: Limited to operation at 3450-3550 MHz and 3700-3980 MHz.

NOTE 8: Power Class 2 is allowed for this uplink combination or single uplink carrier in this
downlink/uplink combination

NOTE9: Power Class 1.5 is allowed for this uplink combination or single uplink carrier in this
downlink/uplink combination
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