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Introduction
This agenda item will handle all contributions related to FS_NR_sub1GHz_combo_enh with the following sub-topics.
1.	General and work plan (Agenda 5.4.1)
2.	CA_n5A-n105A (Agenda 5.4.2.1)
3.	CA_n28A-n105A (Agenda 5.4.2.2)
4. 	CA_n26A-n28A (Agenda 5.4.2.3)

Topic #1: General and work plan
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304025
	Spark NZ Ltd
	In this paper, we would like to introduce the framework into TR 38.872 for new sub-1GHz band combinations, i.e. CA_n5-n105, CA_n28-n105 and CA_n26-n28, based on the approved new SID

	R4-2305386
	Huawei, HiSilicon, Spark NZ
	Proposal: Approve the following work plan for the SI FS_NR_sub1GHz_combo_enh.
RAN4#106bis: 
1)	Study the RF architecture for the following band combinations, i.e. CA_n5A-n105A, CA_n28A-n105A and CA_n26A-n28A for both UL and DL CA.
2)	Identify the critical issues and potential RF impacts for the band combinations above.
RAN4#107:
1)	Discuss the potential solutions for the identified issues for each band combination.
2)	Approve all of the TPs to capture the outcomes of this SI into TR 38.872.
3)	Check whether CA_n5A-n28A-n105A could be included in the SI based on study progress for the fall back combinations (i.e. CA_n5A-n105A and CA_n28A-n105A) and any limits on the uplink fall back combinations.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Work plan
Sub-topic description:
Open issues and candidate options before meeting:
Issue 1-1: Work plan: please discuss the work plan proposed in R4-2305386
· Proposals
· Option 1: Approve the following work plan for the SI FS_NR_sub1GHz_combo_enh.
· RAN4#106bis: 
· 1)	Study the RF architecture for the following band combinations, i.e. CA_n5A-n105A, CA_n28A-n105A and CA_n26A-n28A for both UL and DL CA.
· 2)	Identify the critical issues and potential RF impacts for the band combinations above.
· RAN4#107:
· 1)	Discuss the potential solutions for the identified issues for each band combination.
· 2)	Approve all of the TPs to capture the outcomes of this SI into TR 38.872.
· 3)	Check whether CA_n5A-n28A-n105A could be included in the SI based on study progress for the fall back combinations (i.e. CA_n5A-n105A and CA_n28A-n105A) and any limits on the uplink fall back combinations.
· Option 2: Others
· Recommended WF
· Option 1 is approved.

Sub-topic 1-2 Framework of TR 38.872 for new sub-1GHz band combinations
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-2: Please discuss the text proposals in R4-2304025
· Proposals
· Option 1: Agreeable
· Option 2: Revise, please elaborate the comments.
· Option 3: Others
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
Sub topic 1-1 Work plan
	Company
	Comments

	Skyworks
	To finalize the 2 band cases in 2 meetings (including a bis meeting) already seems challenging, not sure that the 3 band feasibility conclusion can be handled in may meeting

	vivo
	Option1 is fine.

	Qualcomm
	Option 1 is ok for us, but I have to admit it is very challenging timeline.

	Spark
	Option 1 is fine , we should aim to complete the two bands by the May meeting


 
Sub topic 1-2 text proposals in R4-2304025
	Company
	Comments

	vivo
	Option2. Some typos related to Clause 5.4.4.3 should need be revised.

	Qualcomm
	Overall quite ok, at least the possibility for n26-n28 frequency restrictions within n28 should be added. 

	Spark
	The TPs are to be added as a CR to 38 872. A tdoc number for the CR shall be issued. The May meeting will also result in additional TPs and any agreements can be captured there. At the moment the only TP is a framework based on the SI agreed.

	CHTTL
	Option 2, some typos need to be fixed or checked, for example Table 5.5.3.1-1, Table 5.6.3.1-1.
Also this is change to existing TR 38.872, track changes are needed if new changes are proposed, otherwise it will be confusing which content is to be newly added.
And based on the server this document type is report?,,. which is used for the meeting report. 


 

Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1-1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Work plan can be revised based on companies’ comments.

	Sub-topic #1-2
	As the status of TR 38.872 is under change control, text proposal is not suitable to introduce the framework. A draft CR was requested. And the content should be updated based on companies’ comments.




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
	Work plan/Draft CR number
	Comments collection

	Revision of work plan
	Spark NZ : Issue 1-1 : Option 1 is ok with us.

	
	Qualcomm: We need to add a statement into work that completion of the whole SI is not a pre-requisite to start WI phase for a completed combination within the SI. This is because potential addition of CA_n5A-n28A-n105A would extend the SI, which should not cause delays for CA_n26A-n28A. We have modified the WP accordingly. 

	
	Skyworks: should the work plan WI capture the agreement that CA_n28-n105 is 1UL only? Also we have doubts that everything can be finalized at next meeting with only 2 week to deadline left after this meeting

	Draft CR R4-2306472
	Spark NZ : issue 1-2 CR R4- 2306472 contains comments from all companies in round 1  and may be approved

	
	

	
	



Topic #2: CA_n5A-n105A
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304455
	Qualcomm Finland RFFE Oy
	Observation 1: The antenna BW ratios are so high in Quadplexer solution with two antennas that the feasibility should be justified before making requirements
Observation 2: The antenna BW ratios are so high in Two-Triplexer solution with two antennas that the feasibility should be justified before making requirements
Observation 3: Three-antenna solution is one option for CA_n5A-n105 RFFE Architecture
Observation 4: The antenna BW ratios for TRX antennas are normal, only the DRX antenna has extremely high BW Ratio with three antennas
Observation 5: CA_n5-n105 does not have any IMD’s in 2UL/2DL CA

	R4-2304560
	Skyworks Solutions, Inc.
	Proposal for CA_n5-n105:
· 1UL MSD: study of cross band MSD in both n105 and n5 DL due to transmitter noise floor and accounting for UL filters rejection is needed, but should not result in significant MSD 
· 2UL MSD: there is no IMD issue for this 2UL and thus 2UL may be supported
· Two-antenna with dual triplexer is used as baseline architecture for study
· Triplexer 1 on UL antenna 1: n105DL+n105UL+n5DL, realistic isolation in n5DL should be used since the n105 duplexer is already challenging
· Triplexer 2 on UL antenna 2: n105DL+n5UL+n5DL
Three-antenna option may be of interest for antenna performance due to wide bandwidth to be supported.

	R4-2305113
	vivo
	Observation 1：For CA_n5A-n105A combination, there is no IMD component or harmonics frequency falling into DL frequency range. 
Observation 2: For CA_n5A-n105A using the UE architecture with two antennas, the implementation of a well-performing quadplexer is difficult, and the radiation performance will be affected by the high bandwidth ratio.
Observation 3: 3-antenna architecture will avoid more complex multiplexer implementation than 2-antenna architecture. However, due to the lower frequency band of n105, the size of the 3-antenna structure will be relatively larger, the challenge to the dimension of the mobile phone is also greater than 2-amtenna architecture.

	R4-2305256
	Xiaomi
	Proposal 1: Study both 2 antenna architecture and 3 antenna architecture for CA_n5-n105 in SI phase and specify RF requirements in the follow-up WI phase.
Proposal 2: Three antenna architecture in Figure 1 and two antenna architecture in Figure 2a and 2b can be used for further study. 
Observation 1: There is no harmonic issue and harmonic mixing issue for CA_n5-n105.
Observation 2: There is no IMD issue for CA_n5-n105.


	R4-2305387
	Huawei, HiSilicon, Spark NZ
	Observation 1: UE RF architectures for CA_n5-n105 with two antennas may face some difficulties, such as wideband low frequency antenna, complex quadplexer or triplexer design. However further investigations may be needed.
Proposal 1: Pending further investigation of the two antennas case, for CA_n5-n105, UE RF architecture with three antennas can be assumed as baseline for further evaluation.
Observation 2: For CA_n5-n105, there is no MSD issue due to harmonic or harmonic mixing interference. There is no MSD due to cross band isolation (n105 Tx => n5Rx). FFS the MSD due to cross band isolation (n5 Tx => n105Rx) based on the attenuation assumption.
Observation 3: there is no MSD issue due to IMD interference when both Band n5 and Band n105 transmit the UL signals for CA_n5-n105.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: The RF architecture
Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-1-1: RF architecture discussion
· Proposals
· Option 1: Quadplexer implementation for CA_n5-n105 with two antennas


· Option 2: Two-Triplexer solution for CA_n5-n105 with two antennas


· Option 3: Three-antenna solution for CA_n5-n105


· Recommended WF
· Three options for RF architecture can be captured in the SI with the following trade-off
	UE RF architecture
	Pros
	Cons

	Option 1
	It may be feasible to target a n105+n5 quadplexer with the proper delta T and delta R.
	The antenna BW ratios are extremely high, so it is not good for the antenna performance.

	Option 2
	Given the distance between the two bands it should be feasible, with the proper delta T and delta R, to target a two-antenna architecture with two triplexers.
	The antenna BW ratios are so high in Two-Triplexer solution

	Option 3
	The antenna BW ratios in TX capable antennas would be naturally equal to the antennas used in devices today as Main TRX and Diversity TRX have only one band.
3-antenna architecture will avoid more complex multiplexer implementation than 2-antenna architecture.
	UE has to support 3 LB antennas. The challenge to the dimension of the mobile phone is also greater than 2-amtenna architecture.



Discussion:
Skyworks: Option 2 can be baseline. Option 3 can be used to cover the issue for antenna BW.
Spark: Can we keep both options? And wait for the feedback from companies. Check the complexity.
Apple: This is SI. All the architectures can be captured. Agree with Skyworks. Option 2.
Qualcomm: Option 2 for two antennas with two triplexer solution.
Huawei: It’s better to check all the RF architecture for MSD study.
MediaTek: fine with WF.

Way forward:
All the RF architectures can be captured. 


Issue 2-1-2: Which RF architecture can be used as baseline to study the RF requirements
· Proposals
· Option 1: Two-antenna with dual triplexer
· Option 2: Three-antenna solution
· Others
· Recommended WF
· TBA
Sub-topic 2-2: Critical issues
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-2-1: For CA_n5-n105, 
1) There is no MSD issue due to harmonic or harmonic mixing interference
2) There is no MSD issue due to IMD interference when both Band n5 and Band n105 transmit the UL signals for CA_n5-n105.
· Proposals
· Option 1: Agreeable
· Option 2: disagreeable, please comment
· Recommended WF
· Option 1.
Issue 2-2-2: Cross band MSD For CA_n5-n105
Study of cross band MSD in both n105 and n5 DL due to transmitter noise floor and accounting for UL filters rejection is needed, but should not result in significant MSD.
· Proposals
· Option 1: Study of cross band MSD in both n105 and n5 DL due to transmitter noise floor and accounting for UL filters rejection is needed, but should not result in significant MSD.
· Option 2: There is no MSD due to cross band isolation (n105 Tx => n5Rx). FFS the MSD due to cross band isolation (n5 Tx => n105Rx) based on the attenuation assumption.
· Recommended WF
· Companies are encouraged to provide the UL filters rejection in the 2nd round if possible. MSD due to cross band isolation can be studied based on the assumption of UL filters rejection in the future.
Discussion:

Huawei: can we capture some assumption for further studies?
Skyworks: In my view, we need numbers. But we don’t have evaluation right now. We need to maintain single band requirements as soon as possible.
Apple: MSD is related to the requirements and depend on filter design and architecture. Duplexer should maintain band self-requirements.

Companies views’ collection for 1st round 
Open issues 
Sub topic 2-1 The RF architecture
	Company
	Comments

	Skyworks
	Issue 2-1-1: all 3 options can be captured but we think that option two with 2 triplexer should be the baseline to derive requirements while the 3 antenna is an implementation option to solve antenna tunning BW issue
Issue 2-1-2: Option 1 Two-antenna with dual triplexer


	vivo
	Issue 2-1-1: We agree with the recommended WF. 

Issue 2-1-2: We prefer option1. It seems to be a compromised solution to choose two-antenna with dual triplexer, overall considering the dimension of the mobile phone and the implementation difficulty of multiplexer. The design of the triplexer should be further studied. In total we recommend 2-antenna architecture as the baseline, but not excluding the other feasible antenna structure as well.


	MediaTek
	Issue 2-1-1: Agree with recommended WF
Issue 2-1-2: Option 2 or Option 3: Quadplexer in Issue 2-1-1 is preferred but this requires filter experts’ check on component feasibility


	Xiaomi
	Issue 2-1-1: Agree with recommended WF. Considering this is study item three options can be included for further study.  
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Issue 2-1-2: During the SI phase, the requirements for each UE architecture can be evaluated individually. How to specify the requirements into spec can be left to follow-up WI phase. 
Generally option 1 is preferred as a baseline for RF requirements.


	Qualcomm
	Issue 2-1-1: Agree WF
Issue 2-1-2: Option 1. Please note we acknowledge the antenna challenges related to option1, but we don’t want to specify requirements for 2LB case using 3 antennas.

	Spark
	Issue 2-1-1  : agree WF
Issue 2-1-2 : Option 1 as a base line could be followed but the may meeting should quantify the challenges with two antennas and triplexers. We must also consider the three antenna solution and quantify the challenges.


 
Sub topic 2-2 Critical issues
	Company
	Comments

	Skyworks
	Issue 2-2-1: option, there is no Harmonic or IMD related MSD

Issue 2-2-2: At this point without an analysis of the achievable isolations for a triplexer, cross band MSD should be open for study for both n5 and n105 DL


	vivo
	Issue 2-2-1: Option1 is preferred, which is consistent with our analysis of harmonic interference and IMD interference.


	MediaTek
	Issue 2-2-1: Option 1, agreeable.


	Xiaomi
	Issue 2-2-1: Option 1.
Issue 2-2-2: Option 1.


	Qualcomm
	Issue 2-2-1: Option 1
Issue 2-2-2: Needs further study until next meeting

	Spark
	Issue 2-2-1 : Option 1
Issue 2-2-2 : Needs further study as filter design amongst bands must be known ie the cross band rejection of filters must be known to determine maximum sensitivity degradations (MSD).


 
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#2-1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:
All the RF architectures can be captured.

	topic#2-1
	Issue 2-1-1
Tentative agreements:
Option 1
Issue 2-1-2:
FFS on MSD due to cross band isolation



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
	WF number
	Comments collection

	WF R4-2306469
	Spark NZ : we have made comments on the WF that quantitative measures be used to study both 2 and 3 antenna architectures
We had agreed on a two-antenna architecture with a triplexer as a baseline but we also agreed to further investigate the 3 antenna architecture and compare with two antennas. We have no quantitative measures ( such as triplexer performance, physical form factor size for 3 antennas in a handset) to compare these architectures . If  these quantitative measures  ( and any other relevant measures) are provided by experts we can settle on a preferred architecture at the Korea meeting.

	
	Qualcomm: We have commented directly into WF
Issues 2-1-2 In out view this agreement means that 2 antenna architecture is used as a baseline (=Requirements are made using 2 antenna), but in a way that 3 antenna solution was be implemented as with those specifications. For instance, the specification (done with 2 antenna) cannot be more stringent that what is feasible using 3 antenna. Tib and Rib must be done assuming two antennas.
To Spark: Yes we are going to study the component performance for the next meeting.

	
	Skyworks: See comment in WF
In our view the requirement should be derived from a two-antenna architecture. We will come with input for may meeting but are not sure to have measured data due to the short time between the two meetings.

	
	Apple: On Issue 2-1-2: Which RF architecture can be used as baseline to study the RF requirements; it is a bit unclear what the agreement means. If two-antenna architecture with dual triplexer can be used as a baseline, do we still need to study RF requirements for 3-antenna architecture and other architecture solutions? And what are the other architecture solutions?

	
	Xiaomi: On Issue 2-1-2, we can understand Apple’s concern and tend to agree with Spark. Other architecture solution can be two-antenna architecture with quadplexer or three-antenna architecture. The intention to add other architecture solution is to resolve the concern from companies that would like to use three-antenna architecture in UE implementation. 
For the baseline, our understanding is that it does not means the requirement must be specified using two-antenna architecture. How to specify requirements for this band combination should be further discussed in future WI phase based on the results of this SI. RAN4 is expected to focus on two-antenna architecture and also continue investigating three-antenna architecture.

	
	Huawei: On issue 2-1-2, during offline GTW discussion, my understanding is that Tib and Rib should be derived based on two antenna RF architecture. But for MSD issue, three RF architecture can be considered.

	
	



Topic #3: CA_n28A-n105A
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304354
	Apple
	Observation 1: For CA_n28A-n105A with 2-antenna implementation, the antenna design needs to cover the entire spectrum range of 191 MHz simultaneously which is equivalent to a 27% bandwidth ratio and that would exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be compromised.

Observation 2: For CA_n28A-n105A with 2-antenna implementation, the triplexer(s) design could be rather challenging due to relatively wide bandwidth ratio and narrow frequency gaps among sub-bands.

Observation 3: For the intended triplexer to achieve comparable self-band isolation performance as with stand-alone duplexer, it may come with the price of higher insertion loss.

Observation 4: For CA_n28A-n105A with 3-antenna implementation, there is no additional insertion loss in both n28 and n105 main signal paths as compared to single-band implementation since n28 and n105 signals do not need to be combined through a multiplexer.

Observation 5: For CA_n28A-n105A with 2-antenna implementation, the MSD due to 2UL IMD3 could be as high as 44 to 45 dB.

Observation 6: For CA_n28A-n105A with 3-antenna implementation, the MSD due to 2UL IMD3 could be around 36 dB.

Observation 7: CA_n28A-n105A is subject to 36dB or higher MSD due to 2UL IMD3 which would render the 2UL operation rather impracticable for the combination.

Observation 8: CA_n28A-n105A is also subject to cross-band UL to DL interference issue due to frequency proximity.

Proposal 1: For CA_n28A-n105A with 2-antenna implementation, the triplexer(s) design should ensure the self-band isolation to be comparable to the stand-alone duplexer performance for both bands.

Proposal 2: Only single UL is supported for CA_n28A-n105A in order to avoid the potentially severe 2UL IMD impact.

Proposal 3: CA_n28A-n105A REFSENS impact due to cross-band UL to DL interference needs to be analyzed.

	R4-2304456
	Qualcomm Incorporated
	Observation 1: CA_n28-n105 cannot be implemented using a quadplexer as there is no sufficient separation at least in case when the entire n28 is supported
Observation 2: UL CA for n28-n105 is challenging due to no gap between TX paths, at least unless n28 is restricted to upper 30MHz only
Observation 3: Two-Triplexer implementation is one option for CA_n28A-n105 RFFE Architecture
Observation 4: The antenna BW ratios are extremely high in Two-Triplexer solution with two antennas
Observation 5: Three-antenna solution is one option for CA_n28A-n105 RFFE Architecture
Observation 6: The antenna BW ratios for TRX antennas are normal to LB antennas, only the DRX antenna has extremely high BW Ratio with three antennas
Observation 7: 2UL/2DL CA_n28-n105 has IMD3 and IMD5 issues into both DL bands significantly degrading REFSENS in UL CA configuration even if n28 support is restricted to upper 30MHz only
Observation 8: One solution to avoid IMD MSD is to specify only DL CA for CA_n28-n105, if agreeable to proponent operator
Proposal 1: Specify only DL CA for CA_n28A-n105A

	R4-2304561
	Skyworks Solutions, Inc.
	Proposal for CA_n28-n105:
· 1UL MSD: study of cross band MSD in both n105 and n28 DL is needed:
· n28 DL MSD due IMD7/9 of n105 UL should be studied, realistic isolation in n28DL should be used since the n105 duplexer is already challenging
· n105 DL MSD due IMD5 of n28 UL should be studied based on full band n28 duplexer performance.
· 2UL MSD:
· 2UL IMD3 in band n105DL and n28DL should be studied and will result in significant MSD
· 2UL IMD3 interference to DTV channels: check what UE emission regulation may apply
· Given the issues above the 2UL configuration support should be reconsidered.
· Two-antenna with triple triplexer is used as baseline architecture for study
· Triplexer 1 on UL antenna 1: n105DL+n105UL+n28fullDL
· Realistic rejection of n105UL filter in n28fullDL should be used since the n105 duplexer is already challenging
· Realistic rejection of n28fullDL filter of n105UL should be used since the n28full DL filter has large BW
· Switched Triplexer 2 and 3 on UL antenna 2: n105DL+n28lowUL+n28lowDL or n105DL+n28highUL+n28highDL
· For band n28UL rejection in band n105DL, a full band duplexer performance should be assumed
It is unclear whether a three-antenna solution is of interest.

	R4-2305114
	vivo
	Observation 1：For CA_n28A-n105A, 3rd order IMD products and 5th order IMD products overlap with the DL bands of n28 and n105, causing interference to a certain extent. So the MSD requirements for this CA band combination should be evaluated. 
Observation 2: For consideration of performance, band n28 is likely to be divided to band n28A and band n28B in CA_n28A-n105A band combination.
Observation 3: For CA_n28A-n105A using the UE architecture with two antennas, the implementation of a well-performing triplexer is difficult, and the radiation performance will be affected by the high bandwidth ratio. 
Observation 4: 3-antenna architecture will avoid more complex multiplexer implementation than 2-antenna architecture. However, due to the lower frequency band of n105, the size of the 3-antenna structure will be relatively larger, the challenge to the dimension of the mobile phone is also greater than 2-amtenna architecture.

	R4-2305257
	Xiaomi
	Proposal 1: Study both 2 antenna architecture and 3 antenna architecture for CA_n28-n105 in SI phase and specify RF requirements in the follow-up WI phase.
Proposal 2: Three antenna architecture in Figure 1 and two antenna architecture in Figure 2a and 2b can be used for further study. 
Observation 1: There is no harmonic issue and harmonic mixing issue for CA_n28-n105.

	R4-2305388
	Huawei, HiSilicon, Spark NZ
	Observation 1: UE RF architectures for CA_n28-n105 with two antennas may face some difficulties, such as wideband low frequency antenna, complex quadplexer or triplexer design. However further investigations may be needed.
Proposal 1: Pending the further investigations of the two antenna case for CA_n28-n105, UE RF architecture with three antennas can be assumed as baseline for further evaluation.
Observation 2: For CA_n28-n105, there is no MSD issue due to harmonic or harmonic mixing interference. There is no MSD due to cross band isolation (n105 Tx => n28Rx and n28 Tx => n105Rx).
Observation 3: 3rd and 5th order IMD may fall into Rx frequencies of bands n28 or band n105 when both Band n28 and Band n105 transmit the UL signals. Further MSD evaluation is needed based on the assumed UE RF architecture for CA_n28-n105.

	R4-2305420
	MediaTek Inc.
	Observations regarding 2-antenna architecture:
Observation 1: The passive component feasibility of dual-band triplexer needed to be studied first
Observation 2: If Tx path is shared by the two bands, single band MPR/AMPR may not be applicable and the applicable MPR/AMPR may need to be characterized
Observation 3: For shared TX path, TXAGC control as well as synchronization requirement of the two transmit bands could be another issue if the two transmit band requires different uplink power
Observation regarding 3-antenna architecture:
Observation 4: The antenna design for 3 low band antenna may be challenge for smart phone form factor implementation.
Proposal 1: Considering feasibility on UE implementation, 3-antenna architecture is baseline assumption for CA_n28-n105. Other architectures are not precluded
Proposal 2: Proposed test points for MSD due to dual-uplink IMDs
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n28-n105
	n28
	745.5
	5
	25
	800.5
	[TBD]
	FDD
	IMD3

	
	n105
	690.5
	5
	25
	639.5
	N/A
	FDD
	N/A

	
	n28
	745.5
	5
	25
	800.5
	N/A
	FDD
	IMD3

	
	n105
	694.5
	5
	25
	643.5
	[TBD]
	FDD
	N/A

	
	n28
	715
	5
	25
	770
	[TBD]
	FDD
	IMD5

	
	n105
	687.5
	5
	25
	636.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	IMD5

	
	n105
	690
	5
	25
	639
	[TBD]
	FDD
	N/A





	
	
	



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1: The RF architecture
Sub-topic description:
Open issues and candidate options before meeting:
Issue 3-1-1: RF architecture discussion
· Proposals
· Option 1: Combine the TRx of both band n28 and n105 into main path with two antennas
· Option 1a
[image: Diagram

Description automatically generated]
· Option 1b
[image: ]
· Option 2: Three-Triplexer solution for CA_n28-n105 with two antennas
[image: ]
· Option 3: Three-antenna solution for CA_n28-n105
[image: ]
· Recommended WF
· [Only Option 2 and option 3] for RF architecture can be captured in the SI with the following trade-off
	UE RF architecture
	Pros
	Cons

	Option 1a
	
	The passive component feasibility of dual-band triplexer in main path is not justified.
If Tx path is shared by the two bands, single band MPR/AMPR may not be applicable and the applicable MPR/AMPR may need to be characterized.
For shared TX path, TXAGC control as well as synchronization requirement of the two transmit bands could be another issue if the two transmit band requires different uplink power.
The antenna BW ratios 27% are high, so the radiation performance of CA_n26A-n28A will be affected.

	Option 1b
	
	The antenna BW ratios 27% are high, so the radiation performance of CA_n26A-n28A will be affected.
The feasibility of quadplexer is not justified as there is no sufficient separation at least.

	Option 2
	Given the distance between the two bands it should be feasible, with the proper delta T and delta R, to target a two-antenna architecture with three triplexers.
	The antenna BW ratios 27% are so high in Three-Triplexer solution

	Option 3
	The antenna BW ratios in TX capable antennas would be naturally equal to the antennas used in devices today as Main TRX and Diversity TRX have only one band.
3-antenna architecture will avoid more complex multiplexer implementation than 2-antenna architecture.
	UE has to support 3 LB antennas. The challenge to the dimension of the mobile phone is also greater than 2-amtenna architecture.



Issue 3-1-2: Which RF architecture can be used as baseline to study the RF requirements
· Proposals
· Option 1: Two-antenna with Three triplexer
· Option 2: Three-antenna solution
· Others
· Recommended WF
· TBA
Discussion
ZTE: n105 is extended band n71. What’s the difference from CA_n28-n71?
Skyworks: There is a gap for CA_n28-n71. For this case, there is no gap. Two UL combined is not feasible.
Huawei: I agree with Skyworks. 
Qualcomm: It’s better to capture feasible RF architectures.
MTK: option 2 can be baseline.
Skyworks: We can define baseline which is used to study MSD. But Tib Rib should be studied for future two antenna solutions. We prefer only one UL with DL CA.
Qualcomm: Prefer to only consider one UL with DL CA.
Apple: I agree with option 1 of RF architecture have some problem.
Spark: I agree with comments. Two UL has problems.
Xiaomi: Tib Rib can be derived based on two antenna architecture.


Way forward:
Capture Two-antenna with three triplexer and three-antenna solution architectures for further studies.
We only cover DL CA_n28-n105 with one UL either in band 28 or band 105 in Rel-18.
Two UL CA_n28-n105 is not supported in Rel-18.
Sub-topic 3-2: Critical issues
Sub-topic description 
Open issues and candidate options before meeting:
Issue 3-2-1: For CA_n28-n105, MSD due to UL IMD issues
· Proposals
· Option 1: 3rd and 5th order IMD may fall into Rx frequencies of bands n28 or band n105 when both Band n28 and Band n105 transmit the UL signals. Further MSD evaluation is needed based on the assumed UE RF architecture for CA_n28-n105.
· Option 2: Specify only DL CA for CA_n28A-n105A with one UL either in band 28 or band 105 due to adjacency of TX bands as well as the potentially severe 2UL IMD impact.
· Other observation: 2UL IMD3 interference to DTV channels: check what UE emission regulation may apply
· Option 3: Others
· Recommended WF
· TBA
Issue 3-2-2: Cross band MSD For CA_n28-n105
· Proposals
· Proposal 1: 1UL MSD: study of cross band MSD in both n105 and n28 DL is needed:
· n28 DL MSD due IMD7/9 of n105 UL should be studied, realistic isolation in n28DL should be used since the n105 duplexer is already challenging
· n105 DL MSD due IMD5 of n28 UL should be studied based on full band n28 duplexer performance.
· Proposal 2: There is no MSD due to cross band isolation (n105 Tx => n28Rx and n28 Tx => n105Rx).
· Recommended WF
· Companies are encouraged to provide the filters rejection/others assumptions in the 2nd round, which can be captured into the way forward for further studies.
Discussion:
Skyworks: Band 105 is new. It’s difficult to provide some assumptions for filter performance. We can’t say no MSD for this combo.
Qualcomm: we agree with Skyworks.
Way forward:
FFS MSD due to cross band isolation for CA_n28-n105
Companies views’ collection for 1st round 
Open issues 
Sub topic 2-1 The RF architecture
	Company
	Comments

	Skyworks
	Issue 3-1-1: the n105+n28 triplexer of option 1a is not feasible with the wide range of n105+n28F, note that n28 still uses dual duplexer. Only option 2 and option 3 are valid approaches at this point but the requirement should be based on the worst case option 2 with 2 antenna with triplexers approach 
Issue 3-1-2: Option 1: Two-antenna with Three triplexer


	vivo
	Issue 3-1-1: We agree with the recommended WF.

Issue 3-1-2: We prefer option1. The dimension of the mobile phone and the implementation difficulty of multiplexer for the high BW ratio can be balanced by two-antenna with three triplexer. The design of the dual-triplexer for the main Tx antenna should be further studied. In total we recommend 2-antenna architecture as the baseline, but not excluding the other feasible antenna structure as well.


	MediaTek
	Issue 3-1-1: Agree with recommended WF
Issue 3-1-2: Option 2 as proponent.


	Xiaomi
	Issue 3-1-1: Agree with the recommended WF.
Issue 3-1-2: During the SI phase, the requirements for each UE architecture can be evaluated individually. How to specify the requirements into spec can be left to follow-up WI phase.


	Qualcomm
	Issue 3-1-1: WF ok
Issues 3-1-2: Option 1

	Spark
	Issue 3-1-1 : WF is OK
Issue 3-1-2 :Option 1


 
Sub topic 3-2 Critical issues
	Company
	Comments

	Skyworks
	Issue 3-2-1: RAN4 needs to have a discussion on potential issues with 2UL falling onto DTV channel. In our view the safer approach is to only target 1UL like for CA_n71-n85

Issue 3-2-2: further study is needed for both n28 DL MSD due IMD7/9 of n105 UL and n105 DL MSD due IMD5 of n28 UL. We do not think this can be solved in this meeting and we cannot have specific agreement on rejection numbers.


	vivo
	Issue 3-2-1: Option1 and option2 are both reasonable, we don’t think there is any conflict between them. In our research, there is indeed 3rd and 5rd order IMD products falling into DL bands of n28 and n105, so if CA is restricted to DL only, maybe 2UL MSD can be reduced to some extent.


	MediaTek
	Issue 3-2-1: Option 1.
Issue 3-2-2: Agree with proposal 1.


	Xiaomi
	Issue 3-2-1: Option 1.
Issue 3-2-2: Agree with proposal 1.


	Qualcomm
	Issue 3-2-1: Option 2 (as agreed in GTW)
Issue: 3-2-2: Option2, need to study until next meeting

	Spark
	Issue 3-2-1 : we agreed in the GTW to have DL CA n 28A- n 105 but with a single UL either in n 28 or n 105 and not two up links.. Option 2 may be mis interpreted as just a down link mode with no UL ie SDL. We could simplify the work by only considering a single UL and many of the issues- say with option 1 and the 2 UL issues as pointed by Skyworks   go away.


 
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#3-1
	Recommendations for 2nd round:
Follow the way forward agreed on offline GTW session

	Sub-topic#3-2
	FFS MSD due to cross band isolation for CA_n28-n105



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
	WF/TP number
	Comments collection

	WF R4-2306470
	Spark NZ : The WF is agreeable but to clarify the two single UL options to be supported, the following band combination table is proposed:
	DL CA n28A-n105A
	UL n28A

	DL CA n28A-n105A
	UL n105A




	
	Qualcomm: We have commented directly into WF OK. We note that Option 2 (Main TRX) the dual triplexer is just a logical interpretation of “n105RX+n28TRX TPX”. In practice there is not always a need to duplicate n105 RX.

	
	Skyworks: See comment in WF. Agree with WF. The architectures should be considered as logical, other implementations are not precluded. 2 antenna should be considered as baseline for requirement

	
	MediaTek: Agree with the WF

	
	

	
	



Topic #4: CA_n26A-n28A
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304457
	Qualcomm Finland RFFE Oy
	Observation 1: MSD is very high if the entire n28 must be supported, due to IM3 and ACLR of the RB allocation landing on top of n28 DL
Observation 2: CA_n26-n28 with lower 30MHz of n28 does not have any IMD issues
Observation 3: CA_n26-n28 with entire n28 has IMD3 landing on top of n26 DL when n26DL BW is 25MHz or 30MHz
Proposal 1: RAN4 should agree that for 2UL/2DL CA-n26A-n28A, only the lower 30MHz of n28 is supported

	R4-2304562
	Skyworks Solutions, Inc.
	Proposal for CA_n26-n28:
· 1UL MSD: study of cross band MSD in both n26 and n28 DL is needed:
· n28 DL MSD due IMD3 of n26 UL should be studied and will result in very significant MSD
· n26 DL MSD due IMD9 and the transmitter noise floor of n28 UL should be studied based on full band n28 duplexer performance and may result in some MSD.
· 2UL MSD:
· There is no 2UL IMD issues
· 2UL cross band MSD from n28 IMD5 and n26 IMD3 should be studied with different n28 and n26 UL BWs.
· Two-antenna with triple triplexer is used as baseline architecture for study
· Triplexer 1 on UL antenna 1: n28fullDL+n26UL+n26DL
· Realistic rejection of n28fullDL filter of n26UL should be used since the n28full DL filter has large BW and there is only a 10MHz gap. The triplexer is challenging with two gaps of 10MHz and n26 BW of 35MHz and n28DL of 45MHz.
· Switched Triplexer 2 and 3 on UL antenna 2: n28lowUL+n28lowDL+n26DL or n28highUL+n28highDL+n26DL
· For band n28UL rejection in band n26DL, a full band duplexer performance should be assumed.
· It is unclear whether a three-antenna solution is of interest.

	R4-2304613
	Telstra
	Telstra would like contributing companies to take this information into account in the study.
[image: ]

	R4-2305115
	vivo
	Observation 1：For CA_n26A-n28A combination, 3rd order IMD products overlap with the DL band of n26, which will cause interference to a certain extent. So the MSD requirements for this CA band combination should be evaluated. 
Observation 2: For consideration of performance, band n28 is likely to be divided to band n28A and band n28B in CA_n26A-n28A band combination.
Observation 3: For CA_n26A-n28A using the UE architecture with two antennas, the implementation of a well-performing quadplexer is difficult, and the radiation performance will be affected by the high bandwidth ratio. 
Observation 4: 3-antenna architecture will avoid more complex multiplexer implementation than 2-antenna architecture. However, the size of the 3-antenna structure is much bigger than 2-antenna structure, especially for low band. To consider the dimension of the mobile phone, some radiation performance may be sacrificed.

	R4-2305136
	ZTE Corporation
	Observation. In terms of the TP [2], we can observe:
· No frequency range constraint on n28;
· 1st ACLR of band n26 UL falls into band n28 DL;
· Three antenna implementation is feasible;
· Two antenna implementation with a low band diplexer is not feasible;
· 47.4 MSD values for n28 Rx when UL is in band n26.
· The proposal of ‘uplink is only in band n28 for CA_n26-n28’ was approved and reflected in the spec.
Proposal 1. The discussion/analysis/agreements in the approved TP R4-2303576 should be taken into account.
Proposal 2. The work on 2UL/2DL CA_n26-n28 should be postponed until the feasibility for 1UL/2DL CA_n26-n28 with UL in n26 is confirmed.


	R4-2305258
	Xiaomi
	Proposal 1: Study both 2 antenna architecture and 3 antenna architecture for CA_n26-n28 in SI phase and specify RF requirements in the follow-up WI phase.
Proposal 2: Three antenna architecture in Figure 1 and two antenna architecture in Figure 2a and 2b can be used for further study. 
Observation 1: There is no harmonic issue and harmonic mixing issue for CA_n26-n28.

	R4-2305389
	Huawei, HiSilicon
	Observation 1: UE RF architectures for CA_n26-n28 with two antennas may face some difficulties, such as wideband low frequency antenna, complex quadplexer or triplexer design.
Proposal 1: For CA_n26-n28, UE RF architecture with three antennas can be assumed as baseline for further evaluation.
Observation 2: For CA_n26-n28, there is no MSD issue due to harmonic or harmonic mixing interference. There is no MSD due to cross band isolation (n28 Tx => n26Rx).
Proposal 2: to further check whether the MSD specified for DC_18_n28 can be reused for CA_n26-n28 (n26 Tx => n28Rx).
Observation 3: 3rd order IMD may fall into Rx frequencies of bands n26 when both Band n26 and Band n28 transmit the UL signals. Further MSD evaluation is needed based on the assumed UE RF architecture for CA_n26-n28.




Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 4-1: The RF architecture
Sub-topic description:
Open issues and candidate options before meeting:
Issue 4-1-1: RF architecture discussion
· Proposals
· Option 1: Quadplexer implementation for CA_n26-n28 with two antennas
[image: ]
· Option 2: Three-Triplexer solution for CA_n26-n28 with two antennas
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· Option 3: Three-antenna solution for CA_n26-n28
[image: ]
· Recommended WF
· [Three options] or [Only Option 2 and option 3] for RF architecture can be captured in the SI with the following trade-off
	UE RF architecture
	Pros
	Cons

	Option 1
	
	The antenna BW ratios 23.9% are high, so the radiation performance of CA_n26A-n28A will be affected.
Dual-quadplexer has to be implemented which make the RF front end complicated and higher cost, and the feasibility of two quadplexers may not be justified.

	Option 2
	With the proper delta T and delta R, it can be assumed to target a two-antenna architecture with three triplexers. Option 2 is more feasible than option 1 if two-antenna architecture is considered by vendors.
	The triplexer is challenging with two gaps of 10MHz and n26 BW of 35MHz and n28DL of 45MHz.

	Option 3
	The antenna BW ratios in TX capable antennas would be naturally equal to the antennas used in devices today as Main TRX and Diversity TRX have only one band.
3-antenna architecture will avoid more complex multiplexer implementation than 2-antenna architecture.
	UE has to support 3 LB antennas. The challenge to the dimension of the mobile phone is also greater than 2-amtenna architecture.



Issue 4-1-2: Which RF architecture can be used as baseline to study the RF requirements
· Proposals
· Option 1: Two-antenna with three triplexers
· Option 2: Three-antenna solution
· Others
· Recommended WF
· TBA
Discussion:
Skyworks: it depends on whether to only consider lower 30MHz. It’s very important for the next meeting. 
Sparks: We have band n5. In the future, we may consider n26. Many country have full band n28. We must not restrict bandwidth/frequency. In next meeting, we can provide more information in APT.
MediaTek: There is no launch in Australia. Full n28 frequency range should be considered.
Skyworks: We already have band CA_n5-n28. We are talking about whether full band n28 and full band n26 should be used. The implementations are different for full band n28 and lower 30MHz
QC: Even if one country have full band n28 and full band n26, we have big MSD issue.
Spark: Band n26 is quite new. Generally, operators share one band. Operator may envolve band n5 to n26.
Apple: CA_n5-n28 is being developed. From single band operation, most of UE implementation share the same filter for both band n5 and n26. If we develop CA_n5-n28, the same architecture can be used for CA_n26-n28. When we design multiplexer, we also need to consider single band operation.
Skyworks: We share the similar with Apple. Band full n28 should be used. 30dB MSD may be observed for full band n28 and not be used. 


Sub-topic 4-2: Critical issues
Sub-topic description:
In R4-2304613, operator shared the information about the allocated spectrum in the 700MHz and extended 850 MHz bands as sketched in the following figure and table.
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	Uplink
	Downlink

	n28 (national)
	713 MHz – 733 MHz
	768 MHz – 788 MHz

	n26 (Metropolitan)
	814 MHz – 824 MHz
835 MHz – 845 MHz
	859 MHz – 869 MHz
880 MHz – 890 MHz

	n26 (Regional)
	814 MHz – 824 MHz
830 MHz – 845 MHz
	859 MHz – 869 MHz
875 MHz – 890 MHz


Companies are encouraged to take a look at this paper and take this information into account in the study.
Issue 4-2-0: Applicable n28 frequency in CA_n26A-n28A, 
· Proposals
· Option 1: lower 30MHz of n28 is supported.
· Option 2: entire n28 frequency range is supported.
· Recommended WF
· TBA.

Open issues and candidate options before meeting:
Issue 4-2-1: UL restriction for CA_n26-n28, 
Proposal 1. The discussion/analysis/agreements in the approved TP R4-2303576 should be taken into account.
Proposal 2. The work on 2UL/2DL CA_n26-n28 should be postponed until the feasibility for 1UL/2DL CA_n26-n28 with UL in n26 is confirmed.
· Proposals
· Option 1: Following the agreement in TP R4-2303576, Uplink is only in n28 for CA_n26-n28. And the work on two UL CA should be postponed until the the feasibility for 1UL/2DL CA_n26-n28 with UL in n26 is confirmed.
· Option 2: Based on the SI objectives, study this CA_n26-n28 without UL restriction.
· Option 3: Others
· Recommended WF
· Option 2.
Issue 4-2-2: One UL Cross band MSD For CA_n26-n28
· Proposals
· Proposal 1: 1UL MSD: study of cross band MSD in both n26 and n28 DL is needed:
· n28 DL MSD due IMD3 of n26 UL should be studied and will result in very significant MSD
· n26 DL MSD due IMD9 and the transmitter noise floor of n28 UL should be studied based on full band n28 duplexer performance and may result in some MSD.
· Proposal 2: MSD test point, assumption and analysis are provided in R4-2304457.
· Proposal 3: There is no MSD due to cross band isolation (n28 Tx => n26Rx). And further check whether the MSD specified for DC_18_n28 can be reused for CA_n26-n28 (n26 Tx => n28Rx).
· Recommended WF
· Considering the operator’s information, can we assume the following MSD test point (s) into the way forward for further studied?
· MSD test point 1
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	785.5
	5



· MSD test point 2
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	800.5
	5



· Companies are encouraged to provide the filters rejection/others assumptions in the 2nd round, which can be captured into the way forward for further studies.
Issue 4-2-3: two UL Cross band MSD For CA_n26-n28
· Proposals
· Option 1: 2UL cross band MSD from n28 IMD5 and n26 IMD3 should be studied with different n28 and n26 UL BWs.
· Option 2: others
· Recommended WF
· Proponent is encouraged to provide the MSD test point for two UL cross band isolation, which can be captured into the way forward for further studies.
Issue 4-2-4: For CA_n26-n28, MSD due to two UL IMD issues
· Proposals
· Option 1: 3rd order IMD may fall into Rx frequencies of bands n26 when both Band n26 and Band n28 transmit the UL signals. Further MSD evaluation is needed based on the assumed UE RF architecture for CA_n26-n28.
· Option 2: RAN4 should agree that for 2UL/2DL CA-n26A-n28A, only the lower 30MHz of n28 is supported considering the following observations.
· CA_n26-n28 with lower 30MHz of n28 does not have any IMD issues
· CA_n26-n28 with entire n28 has IMD3 landing on top of n26 DL when n26DL BW is 25MHz or 30MHz
· MSD is very high if the entire n28 must be supported, due to IM3 and ACLR of the RB allocation landing on top of n28 DL
· Option 3: others
· Recommended WF
· TBA
Companies views’ collection for 1st round 
Open issues 
Sub topic 4-1 The RF architecture
	Company
	Comments

	Skyworks
	Issue 4-1-1: In our view only option 2 or 3 are feasible approaches and note that band n28 is still implemented with two duplexers

Issue 4-1-2: Option 1: Two-antenna with three triplexers as baseline for requirement as this is the worst case.


	vivo
	Issue 4-1-1: We agree with the recommended WF.

Issue 4-1-2: Option1 seems better as a baseline. Two-antenna with three triplexer can overall consider the dimension of the mobile phone and the implementation difficulty of multiplexer for the high BW ratio. The design of the dual-triplexer should be further studied.


	MediaTek
	[bookmark: OLE_LINK3]Issue 4-1-1: Agree with recommended WF
Issue 4-1-2: Option 2. Based on previous RAN4 agreement that the minimum granularity of the requirement shall be country or regional based. Full n28 frequency range shall be considered in this case.


	Xiaomi
	Issue 4-1-1: Agree with recommended WF
Issue 4-1-2: During the SI phase, the requirements for each UE architecture can be evaluated individually. How to specify the requirements into spec can be left to follow-up WI phase.


	Qualcomm
	Issue 4-1-1: 
Issue 4-1-2: Option 1


 
Sub topic 4-2 Critical issues
	Company
	Comments

	Skyworks
	Issue 4-2-0: we are only OK to consider frequency range restriction if it is a restriction that is applicable regionally (n28 only) but we are not sure this applies to n26-n28. If restriction on n28 can only be the use of lower 30MHz

Issue 4-2-1: answer depend on 4-2-0 about frequency restriction on n28 (lower 30MHz) this needs to be discussed with the band combination proponent as it would be for any band combination with including n28. MSD may still be needed for 1UL and/or 2UL but test points cannot be decided yet
Issue 4-2-2: answer depend on 4-2-0 about frequency restriction on n28 (lower 30MHz) this needs to be discussed with the band combination proponent as it would be for any band combination with including n28. MSD may still be needed for 1UL and/or 2UL but test points cannot be decided yet

Issue 4-2-3: answer depend on 4-2-0 about frequency restriction on n28 (lower 30MHz) this needs to be discussed with the band combination proponent as it would be for any band combination with including n28. MSD may still be needed for 1UL and/or 2UL but test points cannot be decided yet

Issue 4-2-4: answer depend on 4-2-0 about frequency restriction on n28 (lower 30MHz) this needs to be discussed with the band combination proponent as it would be for any band combination with including n28. MSD may still be needed for 1UL and/or 2UL but test points cannot be decided yet
Suggest to agree 4-2-0 in Rd1 to enable further progress in Rd2

	vivo
	Issue 4-2-0: Option 1 is supported, it can ease the design difficulty of the multiplexer of antenna architecture and relieve MSD issues taken by 2UL CA at the same time.

Issue 4-2-4: Option1 and option2 are both reasonable. In our research, there is 3rd order IMD products falling into Rx frequencies of bands n26 when entire n28 UL is considered. Restricting the band width of n28 to a smaller range is helpful to reduce MSD products.


	MediaTek
	Issue 4-2-0: Option 2 is our understanding. But if RAN4’s common understanding is the band n28 is only applicable for lower 2x30MHz range in the country, we are fine with option 1.
Issue 4-2-1: Share same view with Skyworks.
Issue 4-2-2: Answer depends on 4-2-0
Issue 4-2-3: Answer depends on 4-2-0
Issue 4-2-4: Answer depends on 4-2-0

	Telstra 
	Issue 4-2-0: We are OK with the restriction to the lower 30 MHz of band n28. We don’t believe that in Australia there is a need to consider the full range of n28 for CA_n26_n28.
Issue 4-2-1: We agree with the moderator’s proposed way forward (option 2) with the context of the restriction to n28 to the lower 30 MHz for this release.

	ZTE
	It seems all of issues 4-2-1~ issue 4-2-4 are depend on the outcome of issue 4-2-0.
For Issue 4-2-1: 
As we discussed in our paper, CA_n26-n28 was discussed in last RAN4 meeting, and the agreement was that uplink is only in n28 (all range) due to about 47.4dB MSD value was observed when uplink is in n26 . So in this SID, i think we need to take this agreement into account. Maybe there exists some other solutions to enable n26 is configured in the UL for this band combination (solution like as mentioned by Skyworks), although without UL restriction in the SID objectives, we still think we should discuss the feasiblility for uplink in n26 first, and after UL in n26 is confirmed, then 2UL NR CA can work, and it is the normal precedure to study the fallback combination first. 

	Qualcomm
	Issue 4-2-0: As the proponent company is ok with restricting n28 to lower 30MHz only for CA_n26-n28, we should do it. Even with that, the MSD is ~15dB, so what would be the benefit of no restriction and ~30dB or higher MSD?
Issue 4-2-1: Depends on 4-2-0
Issue 4-2-2: Depends on 4-2-0
Issue 4-2-3: Depends on 4-2-0
Issue 4-2-4: Depends on 4-2-0



 
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#4-1/4-2
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Identify the potential issues based on the following two cases:
Case 1: lower 30MHz in band n28 for CA_n26-n28
Case 2: Entire frequency range in band n28 for CA_n26-n28
Further discuss whether to only study the case 1 in Rel-18.




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
	WF/TP number
	Comments collection

	WF R4-2306471
	Skyworks: See comment in WF. In our view this combination is an extension of the work made for CA_n5-n28:
Architecture should enable support full band n28 when single band
2 antenna approach should be baseline with a preference for architecture 2
We will evaluate for architecture 2 with the two cases. For cross band: both single band and dual band cross-band will be studied by us.
If the lower frequency range of n28 is confirmed by proponent we do not see a reason to support full band. To be checked in May again.

	
	Qualcomm: We can accept the WF, but we have deep concerns on topic 2 (Frequency range) as it may extend the study beyond May 2023. There are huge amount of aspects which could have been taken into account in the analysis, making it unnecessary difficult to converge in just one meeting (May 2023).

	
	Huawei: To Qualcomm, if only case 1 can be completed in May 2023, we can conclude that only case 1 is applicable in Rel-18 at the end of SI.

	
	

	
	



Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	R4-2306469
	WF on RF architecture and critical issues for CA_n5-n105
	Xiaomi
	

	R4-2306470
	WF on RF architecture and critical issues for CA_n28-n105
	Apple
	

	R4-2306471
	WF on RF architecture and critical issues for CA_n26-n28
	Huawei, HiSilicon
	

	R4-2306472
	Draft CR for TR 38.872 to introduce the framework for sub-1GHz NR band combinations enhancement
	Spark NZ, Huawei, HiSilicon
	



Existing tdocs
	Tdoc number
	Revised to
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