§3GPP TSG-RAN WG4 Meeting # 100-bis-e 											R4-2115029	
Electronic Meeting, 16th – 27th August, 2021

Agenda item:			9.4.1, 9.4.2, 9.4.4, 9.4.5
Source:	Moderator (Nokia)
Title:	Email discussion summary for [100-e][129] NR_RF_FR2_req_enh2_Part_1
Document for:	Information
Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: TBA
· 2nd round: TBA

Topic #1: AI 9.4.1 General
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2112793
	TR 38.851-0.2.0
	Nokia, Nokia Shanghai Bell
	New version of TR.

	R4-2112901
	[bookmark: _Hlk79415039]On Simultaneous RxTx capability for FR2 inter-band CA
	ZTE Corporation
	Proposal 1. SimultaneousRxTx capability is not supported for CA_n257-n259, CA_n258-n260 and CA_n260-n261
Proposal 2. Whether or not supporting simultaneousRxTx capability should be indicated when FR2 inter-band NR CA band combinations are introduced.

	R4-2112902
	Draft CR to TS 38.101-2: On Simultaneous RxTx capability for FR2 inter-band CA
	ZTE Corporation
	CAT F DraftCR to introduce Simultaneous RxTx note as proposed in R4-2112901.

	R4-2112903
	Draft CR to TS 38.101-2: On Simultaneous RxTx capability for FR2 inter-band CA
	ZTE Corporation
	CAT A mirror DraftCR



Open issues summary
Simultaneous RxTx capability
Issue 1-1: SimultaneousRxTx capability is not supported in the current version of the specification for CA_n257-n259, CA_n258-n260 and CA_n260-n261
· Proposals 
· Option 1: Agree
· Option 2: Not agree
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	SoftBank
	Currently support Option 2. Are there any technical reasons that the simultaneous Rx/Tx capability is not supported for FR2 inter-band CA? From operator’s viewpoint, the support of this capability is helpful if there are no reasons for it.

	Verizon
	Option 2, 
The simultaneous transmission and reception in TDD-TDD and TDD-FCC inter-band NR CA should be a generic requirement for both FR1 and FR2 NR CA. 

	ZTE
	Option 1: Agree
We are the proponent for this proposal. To softbank and Verizon, we would like to clarify it more:
Firstly, we don’t exclude the possibility of supporting simultaneous Rx/Tx capability for FR2 TDD-TDD band combination
Secondly, unlike FR1 TDD-TDD band combination, we think the RF architecture and RF requirements framework for supporting simultaneous Rx/Tx capability for FR2 TDD-TDD band combination are unclear. Actually, to our understanding, it seems RAN4 didn’t discuss it. This is the mainly technical reasons for not supporting simultaneous Rx/Tx capability in the current version of the specification.
Last, Simultaneous Rx/Tx capability is applied for FR2 TDD-TDD band combination from RAN2 aspect, so it needs to indicate this capability in RAN4 spec
In our proposal, we underline ‘in the current version of the specification’, which mean if these combs support simultaneous RxTx capability in future (with the related RF requirements work completed), then it could be ok to further modify it considering the combs are release independent.

	OPPO
	Option1 for now.
This simultaneous RxTx has not been discussed in RAN4 FR2 CA. And the discussion could be complicated because both bands may share the same hardware like CBM (shared chain or separate chain) or different hardware like IBM. And if CBM, how the simultaneous RxTx can be supported and whether interference issues exists, etc. need further discussion. Before the potential issues identified, it may be safe to not enable the simultaneous RxTx for the FR2 CA.

	Huawei, HiSilicon
	Option 2. The UE capability is always allowed, UE can just indicate not support if it can not support. But we should not block all UEs from supporting simultaneous TRx.


	vivo
	Option 1. Further discussion on this capability is needed.

	Qualcomm
	We wish to address this reference pointed out by ZTE in 38.306:

simultaneousRxTxInterBandCA
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band NR CA. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4].
Where is this list of band combinations in the standard? We think there is justification for change, and ZTE’s proposal is one way to address the list in the -2 standard. Other solutions may also work and we are open to other proposals. 

	MediaTek
	We share similar view with Qualcomm and OPPO.
In our understanding, current FR2 inter-band CA requirement is only “applicable for non-simultaneous Tx/Rx between all carriers”, because there is no additional indication in the table. And RAN4 actually didn’t discuss this simultaneous Tx/Rx situation as OPPO’s sharing.
Moreover, we also prefer to make it much clearer in TS38.101-2. About how to make it clearer, we think these proposals can be considered as starting point:

Alt-1 (R4-2112902, ZTE):
· Method: Add note in “Table 5.2A.2-1: Inter-band CA operating bands in FR2”
· Wording:「NOTE 1:	Applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx in the current version of this specification.」

Alt-2 (similar method as above, but just refer to TS38.101-1 wording more):
· Method: Add note in “Table 5.2A.2-1: Inter-band CA operating bands in FR2”
· Wording: 「“NOTE:   For UEs supporting inter-band CA operation in FR2, the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between inter-band NR carriers in FR2. 」

Alt-3 (R4-2112379, Apple):
· Method: Add statement in “7.3A.2.3	Inter-band CA” and “7.3A.3.3	EIS spherical coverage for inter-band CA”.
Wording:「The requirement is only applicable for non-simultaneous Tx/Rx between all carriers.」

	LG Electronics
	In Rel-16, FR2 inter-band DL CA (n260-n261) was specified, but the simultaneous Rx/Tx capability was not defined. 
We think that this capability is feasible for IBM but it is not clear for CBM. Because, same UL-DL configuration is assumed for CBM UE supporting L+L or H+H. This means the simultaneousRxTxInterBandCA is not applicable for CBM UE supporting L+L or H+H.

	Xiaomi
	Option1.
The simultaneous RxTx capability for FR2 should be study case by case and need also based on the BM type, i.e., IBM, CBM. For the same band combination, the capability of simultaneous RxTx may be different, so we should come back to discuss this issue after the discussion for inter-band DL CA based on IBM and CBM are finished. Now tentatively agree all FR2 CA can’t support simultaneous RxTx.

	DOCOMO
	We understand the intent of this proposal from ZTE, so we are OK with Option1 for now.
However, as other operators say, it is the most preferred for us that simultaneous Rx/Tx capability is supported. Therefore, we would like to check whether there are any technical issues. If there are no technical issues, it will be introduced in Rel-16.

	Ericsson
	Simultaneous Rx-TX capability indication would be useful and is already specified in 38.306 without constraints on the frequency range:
simultaneousRxTxInterBandCA
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band NR CA. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4].
Requirements for combinations specified are based on non-simultaneous RxTx

	Apple
	Option 1.
We have a CR R4-2112379 in thread [104] to clarify the current inter-band DL CA requirement based on IBM is only applicable for non-simultaneous Tx/Rx between all carriers. The technical reason behind is unlike FR1 inter-band CA, for FR2 inter-band CA it would not be practical to have a front-end filter with more than 15dB isolation between the two bands, even the two bands are 15 to 20GHz apart. Therefore, to enable simultaneous Rx/Tx operation, it is expected the Tx blocker and noise floor would substantially desensitize the DL carrier. The existing requirement of 3.5dB REFSENS relaxation certainly could not accommodate the desensitization from simultaneous Rx/Tx operation. If there is a need to enable simultaneous Rx/Tx operation for certain band combinations, we would have to evaluate the MSD requirement which unfortunately would be applied to the entire band instead of certain frequency points.
Our CR clarifies the operation condition for the existing requirement with only 3.5dB REFSENS relaxation. Otherwise, UE could fail the conformance test if simultaneous Rx/Tx would be applied during the test without the clarification in RAN4 specifications.

	Rohde & Schwarz 
	From TE point of view: Option 1. 
We already shared our views on simultaneous RxTx in FR2 in thread [125], but so far the assumption for FR2 CA has been that all CCs have the same UL-DL configuration. Testing and requirements definition are under the assumption of non-simultaneous RxTx

	ZTE
	Thanks apple for the analysis, it is helpful. 
Although we are not sure if the ‘MSD’ concept like FR1 can be reused for FR2, we still think additional RF requirements may need to check the additional REFSEN degradation cause by the interference from UL -> DL due to the lack of the attenuation of RFFE, like FR1, more discussion would be needed. 
Moreover, we as basket WID rapporteur would like to ask a question: We suppose new RF requirements (like MSD as Apple said) are needed to support simultaneous Rx/Tx requirements for the combs, however, since such requirements are missing in Rel-16 spec (even in Rel-17 so far), can it be understood that all of the existing 3 combs (i.e. CA_n257-n259, CA_n258-n260, n260+n261) are not completed if simultaneous Rx/Tx  is supported for these 3 combs?? If it is the case, we (rapporteur) would like to ask proponents whether it is acceptable to change the status of ‘Completed’ to ‘Ongoing’ in the revised basket WID?

	Nokia
	At the moment situation seems to be Option 1 as issue has not been discussed. Naturally RAN4 should start discussion on per band combination basis if simultaneous TsRx could be enabled/andated.



Issue 1-2: Whether or not supporting simultaneousRxTx capability should be indicated when FR2 inter-band NR CA band combinations are introduced.
· Proposals 
· Option 1: Support for simultaneous RxTx should be indicated when band combination is inroduced
· Option 2: Not needed
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Verizon
	Option 1

	ZTE
	Option 1

	OPPO
	Option 1.

	Huawei, HiSilicon
	It can wait for the outcome of LTE_NR_Simult_RxTx WI which is focus on this issue.

	vivo
	Option 1.

	LG Electronics
	Option 1

	Xiaomi
	Option1

	Ericsson
	Option 1

	Nokia
	Option 1





CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	TDoc name
	Comments collection

	R4-2112793
	TR 38.851-0.2.0
	Company A

	
	
	Company B

	
	
	

	R4-2112902
	Draft CR to TS 38.101-2: On Simultaneous RxTx capability for FR2 inter-band CA
	Huawei, HiSilicon: we can not support the CR as explained in open issue.

	
	
	Company B

	
	
	

	R4-2112903
	Draft CR to TS 38.101-2: On Simultaneous RxTx capability for FR2 inter-band CA
	

	
	
	

	
	
	



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.
	[bookmark: _Hlk80349600]Sub-topic
	Status summary 

	Issue 1-1: SimultaneousRxTx capability is not supported in the current version of the specification for CA_n257-n259, CA_n258-n260 and CA_n260-n261

	Background: Support for SimultaneousRxTx capability has not been really discussed in RAN4 before, therefore the proposal is to mark current CA configurations as no support for SimultaneousRxTx.
Candidate options:
· Option 1: Agree to mark current CA configurations as no support for SimultaneousRxTx.
· [bookmark: _Hlk80349230]Option 2: Not agree to mark current CA configurations as no support for SimultaneousRxTx.
Moderator comment: Majority of companies think that option 1 is current situation mainly as issues has not been discussed and secondly as there are technical challenges. Huawei thinks that as this is UE capability, therefore we should not label configurations. This is also discussed in [104]
Recommendations for 2nd round:
Dedicated email discussion is started, handled by ZTE.

	Issue 1-2: Whether or not supporting simultaneousRxTx capability should be indicated when FR2 inter-band NR CA band combinations are introduced.

	Background: Related to Issue 1-1.
Tentative agreements:
If email discussion on issue 1-1 concludes that currently FR2 interband CA configurations do not support simultaneous RxTx then this information is captured into specifications. Option 1.
Candidate options:
· Option 1: Support for simultaneous RxTx should be indicated when band combination is inroduced
· Option 2: Not needed
Recommendations for 2nd round:
· Wait the outcome of issue 1-1 email discussion.



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
	TDoc name
	Source
	CRs/TPs Status update recommendation  

	R4-2112793
	TR 38.851-0.2.0
	Nokia
	Agreeable

	R4-2112902
	Draft CR to TS 38.101-2: On Simultaneous RxTx capability for FR2 inter-band CA
	ZTE
	Return to

	R4-2112903
	Draft CR to TS 38.101-2: On Simultaneous RxTx capability for FR2 inter-band CA
	ZTE
	Return to

	R4-2112379
	Draft CR for TS 38.101-2: FR2 inter-band DL CA requirements clarification
	Apple
	Return to
Note: This is moved from [104]

	R4-21123780
	Draft CR for TS 38.101-2: FR2 inter-band DL CA requirements clarification
	Apple
	Return to
Note: This is moved from [104]



Discussion on 2nd round (if applicable)
Issue 1-1: SimultaneousRxTx capability is not supported in the current version of the specification for CA_n257-n259, CA_n258-n260 and CA_n260-n261Agreements from round 1:
Recommendations for 2nd round:
Email discussion moderated by ZTE and WF assigned. As per Chair guidance word should be used instead of power point in WF for better tracking of comments.
In this table companies can express views on this topic although intention is mainly to discuss over email commenting the WF.
	Company
	Comment

	SoftBank
	Thank you very much for the technical information. We are fine with Option 1 for now. If the above technical issues are solved in the future and its solution is applied to Rel-16, we prefer to update the description in the spec accordingly.

	MediaTek
	Option 1 (Agree to mark current CA configurations as no support for SimultaneousRxTx.). We share similar view as the background information.




Issue 1: Whether or not mark current CA configurations as no support for SimultaneousRxTx.
· Option 1: Agree to mark current CA configurations as no support for SimultaneousRxTx.
· Option 2: Not agree to mark current CA configurations as no support for SimultaneousRxTx.
Agreements: Further check if Option 1 is acceptable.
Company	Comments
Qualcomm	We would be ok with option 1 because it reflects realistic implementation criteria today.
Apple	Option 1.
If Option 1 can be agreed, our draft CR R4-2112379 can be noted.
Verizon	We are ok with option 1 based on the current working status.
Huawei, HiSilicon	We should make it clear that no support for simultaneous Rx/Tx doesn't mean no support of the capability, but the condition for the applicability of minimum requirements. 
ZTE	Option 1.
To Huawei, the situation is similar with FR1 NR inter-band CA combs. 
this capability is defined in RAN2, whether or not UE report this capability depends on UE’s choice. But from RAN4 aspect, there are some challenges such as implementation or new RF requirements may be needed to support simultaneous Rx/Tx. 
MediaTek	Option1. Make it clearer.
OPPO	Option 1.
DOCOMO	We are OK with Option 1 in the current version of the spec.
Nokia	We are OK with Option 1 in the current version of the spec.
Issue 2: If Option 1 above is accept, how to implement it in the TS38.101-2?
· Method 1: Note for the combs (i.e. a note to be added in Table 5.2A.2-1: Inter-band CA operating bands in FR2)
· Method 2: Descriptions for the requirements
· Method 3: Other solutions are not precluded.
Company	Comments
Qualcomm	Method 1 (unless otherwise specified….. etc)
Apple	Method 1
Verizon	Method 1 is more clear
Huawei, HiSilicon	Similar note as FR1 to clarify the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between inter-band NR carriers in FR2, and indicate the note for specific band combinations. 
ZTE	Method 1
To Huawei, in TS38.101-1, In Table 5.2A.2.1-1 for inter-band CA, there are two related notes: 
NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.
NOTE 9:	Only applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx.
No minimum requirements are mentioned in both of them.
In addition, we also found different texts in the NOTE are used for intra-band CA, where:
NOTE 1:	The minimum requirements only apply for non simultaneous Tx/Rx between all carriers for TDD combinations.
So different texts are used for FR1 inter-band CA and FR1 intra-band CA.
Therefore, we propose the following texts for the NOTE to address all the above comments:
NOTE 1:	The minimum requirements only apply for non simultaneous Tx/Rx between all carriers for UE supporting inter-band carrier aggregation in the current version of this specification.
Is it acceptable?


MediaTek	Method 1.
Be more specific, we slightly prefer this “NOTE: For UEs supporting inter-band CA operation in FR2, the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between inter-band NR carriers in FR2. “
OPPO	Method 1.
ZTE	Regarding the wordings proposed by MTK and us, it seems we are saying the same meaning. We are fine with either of them.
DOCOMO	Method 1.
Nokia	Method 1
Issue 3: Whether or not supporting simultaneousRxTx capability should be indicated when FR2 inter-band NR CA band combinations are introduced.
· Option 1: Support for simultaneous RxTx should be indicated when band combination is inroduced
· Option 2: Not needed
Agreements: Further check if Option 1 is acceptable.
Company	Comments
Qualcomm	Option 2: what is the meaning of ‘supporting simultaneousRxTx capability should be indicated when FR2 inter-band NR CA band combinations are introduced’?\ Support of this capability is a UE consideration, and not one that can be made while requesting the band combination
Apple	Option 2
Verizon	We are fine for Option 2
Huawei, HiSilicon	Option 1. The capability reporting as a general mechanism should be supported by the UE. And the principle is also valid for FR2 band combinations based on RAN2 signalling design. But for specific band combinations in FR2, that can be studied case by case. If only non-simultaneous Rx/Tx operation can be supported, similar to FR1, note can be used to clarify the condition for applicability of the requirements. And it should be indicated for specific band combinations.
ZTE	Option 1.
Similar view with Huawei.  The approach is the same with FR1 combs. When a certain comb is introduce, it should indicate whether or not supporting simultaneous RxTx. If it supports, then the related RF requirements (like MSD for FR1) may need to be defined, and if it does not support, then no requirements like ‘MSD’ values are needed. It should be studied case by case
MediaTek	If no indication, “non-simultaneous Rx/Tx” can be the default set for requirement discussion.
If there is specific demand on simultaneous RxTx of specific band combination. RAN4 would need to do deeper technical discussion for potential requirement, because we didn’t discuss this situation yet.
OPPO	Option 1.
DOCOMO	Option 1. Band combos that cannot support simultaneous Rx/Tx are indicated by NOTE in Table 5.2A.2-1. (i.e. Method 1 of Issue 2.)
Nokia	Option 1 with a note like Docomo also stated.
Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	WF Name
	Source
	T-doc Status update recommendation  

	R4-2114959XXX
	WF on Simultaneous RxTx capability for FR2 inter-band CA
	ZTE
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Topic #2: CA within same frequency group based on CBM AI 9.4.2.1.3
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2112335
	Discussion on CBM based inter-band DL CA within same frequency group
	LG Electronics
	Proposal 1: UE capability supporting both IBM and CBM applies to only inter-band CA within same frequency group if defined.
Proposal 2: Introduce ‘Fs_inter_CBM’ as UE capability to indicate the maximum frequency span between the lower edge of lowest CC and the upper edge of highest CC in FR2 inter-band DL CA based on CBM which UE can support.
Proposal 3: Consider intra-band NC CA framework as starting point of requirement framework including extension of relaxations by high-frequency separation.
Proposal 4: Extend EIS relaxation based on intra-band NC CA considering high-frequency separation.
Proposal 5: Do not define EIS spherical relaxation for CBM based inter-band DL CA within same frequency group.

	R4-2112791
	CBM considerations on Fs_inter_CBM
	Nokia, Nokia Shanghai Bell
	Proposal 1: Conclude on Fs_Inter_CBM capability is not pursued further but acknowledged and must be included in general aspects of defining FR2 CA requirements. 

	R4-2112872
	UE requirements for CBM
	Sony, Ericsson
	Observation 1: The test condition between CBM and IBM can be differed by the PSD condition in the single AoA test. 
Observation 2: Multiple AoAs test that may be introduced in the future can also be a potential differentiation between CBM and IBM UEs. 
Observation 3: For the purpose of setting minimum requirements for CBM-capable UEs, the definition of CBM with measurement “the only CC configured with RS” for RX beam management is fine, while RS measurements on different bands (serving cells) are likely to be configured since the beams can be different in the field.
Observation 4: The number of tests for CBM UEs may be reduced by only verifying the worst-case scenario, e.g. only verify the performance when the RS for the purpose of BM is configured in the other CC. 
Observation 5: It is possible to configure the TCI state on one of the CC with QCL relation to the other CC so that UE under test will only use the RS on one CC for beam selection. 
Proposal 1: Adopt a unified requirement framework for CBM and IBM UEs. 
Proposal 2: Both REFSENS and EIS spherical coverage with common spherical coverage are needed for CBM UEs to cover both single-chain implementation and multi-chain implementation to provide an implementation agonistic and unified requirement framework with single chain CBM, multi chain CBM and IBM UEs. 
Proposal 3: FFS how to maintain equal PSD conditions for CBM UEs during the EIS test. 
Proposal 4: The CBM UE should meet the minimum requirement on each CC with and without RS for BM configured on this CC.

	R4-2112900
	Discussion on CBM for FR2 Inter-band DL CA
	ZTE Corporation
	Proposal 1. One set of RF requirements should be defined for CBM inter-band DL CA, regardless of different RF chain implementation.
Proposal 2. For REFSEN and EIS spherical coverage requirement, framework of inter-band CA including relaxations (ΔRIB,P,n) is applied
Proposal 3. Prefer not to introduce Fs_inter_CBM as capability.

	R4-2113002
	Discussion on CBM requirement framework within same frequency group
	vivo
	Observation 1: The multi-chain architecture’s performance is not necessarily better than single chain’s, while higher cost and complexity is ensured. 
Observation 2: Even if the UE has multiple RF chains, it may not necessarily support multi-chain CBM, which also depends on the implementation.
Observation 3: The typical use case for CBM is receiving CCs from different band in similar direction, and if the performance difference of the peak direction is too huge, the CBM may not work properly.
Observation 4: The multi-chain UE can also work similarly to single chain by only activating one of the RF chains, and this case also should not be precluded.
Proposal 1: The capability to indicate that whether the UE support CBM under multi-chain work mode is needed, e.g, MultiChainCBM.
Proposal 2: The difference on the beam peak direction for common beam pair should be restricted to ensure the CBM performance, and the intra-band requirement framework can be used.
Proposal 3: Both single-chain and multi-chain UE need specify the common spherical coverage requirement.
Proposal 4: the ACS/IBB should be specified based on the intra-band NC CA framework, because the spectrum within same frequency group is quite close than inter-band case.   
Proposal 5: Considering both single-chain and multi-chain can work with shared RF chain, the intra-band requirement framework can be a baseline for CBM, and when UE report its support multi-chain mode capability，the additional requirements will apply. Take REFSENS as example:
Table 1: EIS Relaxation for inter-band CA operation with CBM
	NR CA bands
	Configured DL spectrum (MHz)
	 (dB)

	nX-nY
	≤ xxx
	0.0

	
	> xxx and ≤ yyy
	0.5

	
	……
	TBD



Table 2: Additional EIS Relaxation for inter-band CA operation with CBM
	NR CA bands
	Configured DL spectrum (MHz)
	 (dB)

	nX-nY
	≤ xxx
	0.0

	
	> xxx and ≤ yyy
	TBD

	
	……
	TBD

	NOTE: This table will be valid only when UE declare support [MultiChainCBM].


Proposal 6: Introduce Fs, inter based on the UE capability as described in proposal 1, as shown in table 3.

	R4-2113026
	Proposal on inter-band DL CA based on CBM within the same frequency group
	MediaTek Beijing Inc.
	Proposal1: Introduce “Fs_Inter_CBM” for inter-band DL CA based on CBM within the same frequency group.
Proposal2: Different frequency groups can report different “Fs_Inter_CBM” values.
Observation: for inter-band DL CA within the same frequency group based on multi-chain architecture, CBM has worse performance than IBM performance.
Proposal3: for potential inter-band DL CA within the same frequency group discussion, single-chain architecture shall be the typical assumption.

	R4-2113096
	Rx requirements for inter-band DL CA with CBM within same frequency group
	Xiaomi
	Proposal 1: Fs_inter_CBM capability is needed for inter-band DL CA with CBM within same frequency group.
Proposal 2: Inter-band DL CA with CBM could reuse the requirement framework of inter-band DL CA with IBM to define relaxation values of REFSENS and EIS spherical coverage.
Proposal 3: maximum input level, ACS, and in-band blocking requirement could reuse the requirements of single-CC.

	R4-2113901
	R17 FR2 CBM Inter-band DL CA within same frequency group
	OPPO
	Observation 1:          BMRS is not a RAN1 defined reference signal, instead it may include SSB only, CSI-RS only, SSB+ CSI RS.
Observation 2:          With the proposed test configurations in table 1, in total UE needs to be tested 12 times for one band combination which is a huge test cost.
Observation 3:          UE measurement of SSB only, CSI-RS only, and SSB+CSI RS has already been tested in beam correspondence and there is no need to re-test it in CBM CA.
Observation 4:          For “BMRS” configured in band ‘A’, no matter the tested band is ‘A’ or ‘B’, the RSRP measured is same, thus beam management is expected to be same.
Proposal 1:               It is proposed to test CBM UE with only one “BMRS” configuration, e.g. SSB only.
Proposal 2:               It is proposed to only test one “BMRS” location in each tested band, e.g. “BMRS” only located in the tested band.
Observation 5:          Swap “BMRS” location testing is for multi-chain CBM UE, and it seems redundant for single chain UE, and it is not reasonable to burden single chain UE by the test of multi-chain UE.
Observation 6:          Multi-chain CBM UE has difficulty in making two bands meet REFSENS simultaneously due to panel location difference.
Observation 7:        CBM within same freq group may face larger interference than IBM if follow the IBM testing approach.
Proposal 3:               It is proposed to choose either of following approaches:
· Approach 1: Testing CBM UE with intra-band non-contiguous approach with either define larger relaxation or REFSENS are not required to be met at the same direction.
· Approach 2: Testing CBM UE with inter-band IBM approach with either larger relaxation or setting the other band not under test with a lower power than spherical coverage.
Observation 8:        There are two approaches to apply the REFSENS relaxation, one is apply same for both bands, and the other is apply different values for each band.
Observation 9:        There is no REFSENS difference between bands in 28GHz group, and same relaxation can be applied to the bands in a band combination.
Proposal 4:               Same REFSENS relaxation is applied to both bands of a band combination within same freq group.
Observation 10:        Common spherical coverage requirement is challenge for CBM UEs since not be able to adjust 2nd beam as IBM can do and even more difficult for separate hardware CBM UE.
Proposal 5:               For common spherical coverage, larger relaxation comparing to IBM should be defined if specify this requirement for CBM.
Proposal 6:               Introduce frequency separation class for inter-band combination within same freq group CBM UE similar as the Fs in intra-band non-contiguous CA.

	R4-2111903
	Requirement framework for Inter-band CA with CBM
	Qualcomm Incorporated
	Proposal 1: CBM inter-band CA requirements apply per-band with the BMRS configured in any one of the participating bands.
Observation 1: The ‘simultaneous sensitivity’ condition ensures the lowest PSD difference between the bands in the conducted domain. 
Proposal 2: For CBM sensitivity requirements, adopt ‘simultaneous sensitivity’ for both bands under test at each AoA.
Proposal 3: 
	Requirement:
	Proposed unified requirements for CBM UEs

	REFSENS
	Based on IBM inter-band CA, min. PSD difference (*)

	EIS Spherical Coverage
	Based on IBM inter-band CA, min. PSD difference (*) 

	ACS/IBB
	Based on IBM inter-band CA

	Max. Input Power
	Based on intra-band DL CA, but diff. beam peak directions allowed (**)


(*) PSD difference between both bands is minimized for each AoA by simultaneously achieving sensitivity throughput condition (>= 95% max.) in both bands for that AoA.
(**) throughput criterion evaluated per band so each band can have a unique beam peak direction

	R4-2112371
	Inter-band DL CA based on CBM for FR2
	Apple
	Observation 1:	Enabling CBM for UE supporting single chain architecture with two band groups will results in a large performance degradation, thus we have proposed the assumption of CBM for the same frequency groups only
Observation 2:	Simulation results are required to understand the impact on the performance degradation when comparing single chain to multi-chain architecture for CBM. 
Observation 3:	The simulation assumptions should allocate the beam management reference signal in the PCell only, with the following architectures:
a) Single chain: common phase shifter
b) Multi-chain: independent phase shifters

	R4-2114487
	inter-band CA DL CA with CBM
	Huawei, HiSilicon
	Proposal 2: Separation class extends to be indicated per band combination for inter-band CA within the same frequency group in CBM.
Observation 1: RAN4 already agrees to define Maximum Peak EIS requirement for inter-band CA within same Frequency group in CBM.
Proposal 3: Define inter-band CA CBM requirement framework as the agreement for inter-band CA IBM, including following items:
•	Max peak EIS
•	Max spherical coverage EIS
•	Relaxation requirement 
•	PSD difference condition
Proposal 4: Define PSD difference between 2 Bands as 6dB for UEs manufactured with only one RF chain for one frequency group; and Define PSD difference between 2 Bands as IBM type for UEs manufactured with 2 or more RF chains for one frequency group.
Observation 2: it is applicable for UE to implement inter-band CA with different frequency group in CBM.
Proposal 5: For each Band configuration requested by operators, both IBM and CBM requirements should be defined in TS 38.101-2.
Proposal 6: For inter-band CA from different frequency group in CBM, the RF requirement framework can follow IBM requirement. Maximum Peak EIS requirement, spherical coverage EIS, relaxation requirements, and PSD difference should be defined. For relaxation requirements, it can be defined based on specific Band combination.
Proposal 7: Define relaxation requirements for CBM inter-band CA with different frequency group as in following table:
	Band configurations
	Relaxation requirements

	CA_n257-n259
	4dB

	CA_n258-n260
	3.5dB

	CA_n261-n260
	3.5dB



Proposal 8: For inter-band within the same frequency group in CBM, BM RS is not mandatory to be configured in a CC with configured UL BWP.
Proposal 9: For inter-band DL CA BM RS configuration, leave it to RAN5.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 UE Capabilities
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1-1: UE capability supporting both IBM and CBM
· Proposals
· Option 1: Add new enumerated value to beam management type in Rel-17 so that a UE can support both IBM and CBM, i.e., ENUMERATED {ibm, cbm, both}.
· Option 2: Add new enumerated value to beam management type in Rel-17 so that a UE can support both IBM and CBM but it Applies to only inter-band CA within same frequency group if defined (R4-2112335)
· Option 3: Is not introduced
· Option 4: Other
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 1. It is possible for UE to support both CBM and IBM.

	Huawei, HiSilicon
	CBM or IBM is UE capability primarily from BB part, it is not related to deployment or frequency group. So option 2 is not supportive.
Apart from option 1, there is another choice:  a UE support IBM can autonomously support CBM.

	vivo
	Option 1. The UE can still support CBM based on multi-chain architecture.

	Sony
	Option 1. In general, we support the idea that UE should be allowed to indicate it can support both CBM/IBM. Meanwhile, we also think CBM can be applied to both the same and the different frequency groups. Therefore, option 1 is preferred. 

	LG Electronics
	Preference is Option 2. However, we can compromise with option 1.

	Xiaomi
	Option 1, whether the UE could form the same directional beams based on multi-chain architecture also depend on how to arrange two antenna panels, so a UE support IBM can’t imply it supporting CBM.

	Ericsson
	Option 1.

	Samsung
	Option 1. We share similar view as Xiaomi. IBM UE can support CBM, but IBM UE does not 100% imply it supports CBM. so there will be 3 scenario: {IBM, CBM, both}

	ZTE
	Option 1. It seems how to introduce the ENUMERATED values is RAN2’s job, but we are ok to introduce ‘both’. 

	Nokia
	Option 1 but we are also ok with Huawei proposal a UE support IBM can autonomously support CBM.



Issue 2-1-2: UE capability MultiChainCBM.
[bookmark: OLE_LINK10][bookmark: OLE_LINK9]The capability to indicate that whether the UE support CBM under multi-chain architecture (R4-2113002)
· Proposals
· Option 1: Is introduced
· Option 2: Is not introduced
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 2, not needed. Single chain and multi chain are implementation specific issue, and RAN4 has agreed to specify requirements covering both implementations.

	Huawei, HiSilicon
	Prefer Option 2. CBM and IBM is reported per BC regardless of architecture.

	vivo
	Option 1. In our understanding, even though the UE has multiple RF chains (e.g., IBM UE), it does not mean that the UE naturally support multi-chain CBM, which is also affected by the implementation, and we believe that introducing this capability is helpful to clarify the UE states. 

	Qualcomm
	Option 2
Not needed, with the correct requirement framework.

	Sony
	Option 2. 
In our view, this capability is not necessary. the RF requirement should be agnostic to multi chain CBM or single chain CBM implementation, and it is not clear how such a capability can be used. 
When it comes the frequency separation class. If RAN4 would agree to define it in the end, the multi chain CBM can still be seen a CBM devices that may support a very large frequency separation class, and we don’t see it is necessary to explicitly define MultiChainCBM capability either. 
In overall, we think we should be very careful to introduce any new capability to inter band CA operation to avoid further fragment the specification, and a unified framework is preferred.

	MediaTek
	It’s a good idea, and we can furtehr discuss it after “inter-band DL CA based on CBM framkewrok” is much clearer. 
From technical perpsective, “multi-chain” & “single-chain” do have different capabilities. It’s anyway a good thing to think how and whether to reflect it and share the information to network.

	LG Electronics
	Support Option2. 
RAN4 agreed to define CBM requirements in such manner that both single chain and multi chain architectures are possible. So, the capability is not necessary.


	Xiaomi
	Option 2
RAN4 agrees to define CBM requirements in such manner that both single chain and multi chain architectures are possible in last meeting, therefore, the network is unnecessary to know the UE implementation. 

	Ericsson
	Option 2: no need, how would the network use this given a CBM indication?

	Samsung
	Option 2.
As LG commented, multiChainCBM capability is contradicted with previous CBM agreement.

	ZTE
	Option 2.
The RF requirements should be defined as implementation agnostic

	Nokia
	Option 2. From network perspective these kinds of capabilities are not desirable and cause implications to scheduling. We should have requirements that enable both single and multichain architectures.



Issue 2-1-3: UE capability Fs_inter_CBM
· Proposals
· Option 1: Is introduced for inter-band DL CA with CBM within same frequency group.
· Option 2: Is introduced and is applicable to all CA configurations i.e. also between the frequency groups.
· Option 3: Is not introduced but acknowledged and is included in general aspects of defining FR2 CA requirements.
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 1. CBM is mainly for same freq group case, but if in the future CBM between different freq groups are introduced then this capability can be further reviewed.

	[bookmark: OLE_LINK56]Huawei, HiSilicon
	Both Option 1 and option 2 is OK for us.

	vivo
	Option 1. This capability is related to single-chain architecture rather than frequency group, and the single-chain CBM is only feasible within same frequency group.

	Qualcomm
	Option 3
This capability changes the understanding of what inter-band CA is, which we cannot support. We are ok to ‘acknowledge and include’ limitations of CBM UEs in general aspects of defining FR2 CA requirements’ for CBM.

	MediaTek
	Option1. And we are also fine on OPPO’s comment, we can revisit it for other potential combinations later.

	LG Electronics
	Support Option 1. 
Option 2 can be also supported If CBM with different frequency group is feasible and defined. 

	Xiaomi
	Option1, if necessary, Option2 are also Ok.

	DOCOMO
	We agree with OPPO view.

	Apple
	It is important to highlight that the introduction of this UE capability will be for same frequency group only. And if RAN4 agrees to introduce this capability, RAN4 will have to study the corresponding relaxation of the requirements when considering the large maximum frequency separation when introduction CBM for same frequency group for inter-band CA combinations

	ZTE
	Option 3. We agree with QC’s view.

	Nokia 
	Option 3. We share the view of Qualcomm that this capability would change the understanding of what inter-band CA is.



Sub-topic 2-2: BMRS aspects
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-2-1: Core requirements applicability in relation to BMRS location
· Proposals 
· Option 1: CBM inter-band CA requirements apply per-band with the BMRS configured in any one of the participating bands.
· Option 2: For inter-band DL CA BM RS configuration, leave it to RAN5
· Option 3: other
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Ok with option 1, however, “BMRS configured in any one of the participating bands” doesn’t mean UE needs to be tested with switched BMRS (SSB/CSI-RS) in CC1 and CC2. For principle itself is ok.
For testing specific issues can leave to RAN5, and the general configurations can be discussed in RAN4 when specifying requirements.

	Huawei, HiSilicon
	For intra-band DL CA, we do not have any side condition on RF requirements. The BB configuration for intra-band DL CA is all left to RAN5 discussion.
For inter-band CA, there is no reason that RAN4 need specifically discussion on the side condition.

	vivo
	Option 1. No matter which band the BMRS is located, the UE should meet the requirement.

	Qualcomm
	Option 1.
To Huawei, CBM brings in an additional dimension, which is choice of band that does not get dedicated BMRS. This is a new moving part, that was not a consideration for either IBM inter-CA or intra-band CA. So cannot make a direct comparison.

	Sony
	Option 1.
For the core requirement, the CBM UE should meet the minimum requirement when the BMRS is only on the tested CC and the BMRS is only on the untested CC. Therefore, we think option 1 is okay.

	MediaTek
	Option1.
The concept is made sense, and we need furtehr discuss how to define efficient test items.

	Xiaomi
	Option1, the CBM inter-band CA requirements applying per-band should be BMRS agnostic.

	Ericsson
	Option 1 for the core requirements. This is also a possible UE configuration in the field.

	Samsung
	Before agreeing on option 1, we would like to confirm if it is practical scenario for real network to configure BMRS in SCC than PCC

	Apple
	The proposal from Option 1 needs further clarification. Does this option propose that the CBM inter-band CA requirements shall be defined considering both; the case where the band has been configured with the BMRS and the case where the band has not been configured with the BMRS? If that is the correct understanding of the Option 1 proposal, then the band which has not been configured with the BMRS will have worse performance, due to the less accurate selection of the beam, which needs to be taken into account when defining the requirements.

	Nokia 
	Option 1. To Huawei perhaps you are mixing with testing aspects as you talk about RAN5. This issue is about core requirement applicability and for that RAN5 has nothing to say, Next issue is for testing,



Issue 2-2-2: Testing aspects in relation to BMRS location
· Proposals 
· Option 1: BMRS is only located in the tested band (R4-2113901)
· Option 2: BMRS is only located on the band not tested
· Option 3: For inter-band within the same frequency group in CBM, BM RS is not mandatory to be configured in a CC with configured UL BWP.
· Option 4: For inter-band DL CA BM RS configuration, leave it to RAN5
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 1 and Option 2 both ok.
In our understanding, the UE beam management ability rely on RSRP measurements accuracy. And for CBM UE, it measure the BMRS in CC1 and choose the beam for CC1, then mapping to CC2. Here, CC1 can be the under testing CC or the other CC. There is no difference, since UE can always measure the RSRP in both CCs no matter the BMRS is within the tested band or not. The RSRP measurement accuracy and beam selection ability for the same band has already been verified in beam correspondence. 
The only check point here is the beam mapping from one band to the other band. And this mapping can be tested with either Option 1 (BMRS is only located in the tested band) or Option 2 (BMRS is only located on the band not tested).

	Huawei, HiSilicon
	For intra-band DL CA, we do not have any side condition on RF requirements. The BB configuration for intra-band DL CA is all left to RAN5 discussion.
For inter-band CA, there is no reason that RAN4 need specifically discussion on the side condition.

	vivo
	Option 2. The BMRS in untested band can be considered as the worst case to be verified. 

	Qualcomm
	Option 2 may work well. This also aligns with IBM practice.

	Sony
	In general, we think we should try to verify the worst case scenarios if we would like to save the test effort. To our understanding, option 2 BMRS is only located on the band not tested can stand for the worst case. 
On the other hand, we believe the test reduction aspect can be left to the end of the discussion once we have set the requirement clearly.

	MediaTek
	Option2. We share similar view as vivo and Sony, it is efficient to test the expected worst case.

	Xiaomi
	Option 2

	DOCOMO
	We agree with Sony view.

	Ericsson
	Option 2 could possibly be used for the conformance tests (a RAN5 matter). We assume the BMRS are RS that can be used for the purpose of beam management, provided on the band not tested.

	Samsung
	We see this issue has potential confliction with previous agreement (i.e. option 3)

	Apple
	For testing, the BMRS is provided in the CC with a configured UL BWP

	Nokia
	Testing the worst case is RAN4 custom and vendors this option 2 is worst case thus we support option 2.



Issue 2-2-3: BMRS type in testing
· Proposals 
· Option 1: Test CBM UE with only one “BMRS” configuration which is SSB only
· Option 2: Test CBM UE with only one “BMRS” configuration which is CSI-RS only
· Option 3: Test CBM UE with only one “BMRS” configuration which is SSB+CSI-RS only
· Option 4: For inter-band DL CA BM RS configuration, leave it to RAN5.
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Either option 1/2/3 is ok, the measurement ability has already been verified in beam correspondence. And what important here is to check the beam mapping between bands within CBM. Therefore, either configuration can achieve the purpose.
Leave it to RAN5 is also another choice with necessary guidance from RAN4.

	Huawei, HiSilicon
	Option 4. It goes with intra-band DL CA style.
For intra-band DL CA, we do not have any side condition on RF requirements. The BB configuration for intra-band DL CA is all left to RAN5 discussion.
For inter-band CA, there is no reason that RAN4 need specifically discussion on the side condition.

	vivo
	Before we discussed which BMRS type should be tested, whether different BMRS has an impact on requirements should be discussed first, which can make this issue clearer.

	Qualcomm
	Option 5: 
Applicable BMRS type is defined by UE beam correspondence capability, see clause 6.6 of 38.101-2. Clause 6.6 already has test skipping rules in place, so test case proliferation is no worse than for any other requirement. 

	Sony
	Again, from the test reduction aspect, we think we should try to verify the worst-case scenarios. According to the Rel-16 BC discussion, it seems SSB only can represent the worst-case scenarios. However, as we mentioned in Issue 2-2-2, this test reduction can be discussed in the end once we have set the requirement clearly.

	MediaTek
	We share similar view as vivo and Sony.Option1/2/3 can be candidates, and we prefer to make it clearer in RAN4.

	DOCOMO
	We prefer option 1, based on BC discussion. However, this issue needs more study and discussion.

	Ericsson
	Option 1 or Option 3.

	Samsung
	What is the BMRS type for IBM?



Issue 2-2-4: Where BMRS is placed
· Proposals 
· Option 1: For inter-band within the same frequency group in CBM, BM RS is not mandatory to be configured in a CC with configured UL BWP.
· Option 2: Keep current agreement and BM RS is configured in a CC with configured UL BWP.
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 1. In our view, the BMRS can be decoupled from UL BWP configuration, and in either CC is ok. There is no difference since it is for DL RSRP measurement.

	Huawei, HiSilicon
	Option 1. The current agreement is from the perspective of beam squint study. 
But it has too much limitation on BM RS configuration and also has impact on DL measurement.
If beam squint is introduced by BMRS configuration position, the Tx requirement could be further discussed under such case. But we better not to just limit the case.

	vivo
	Option 1. The constrain of BMRS is mainly derived from the asymmetry between UL and DL spectrum in R16. Considering the multi-chain CBM, we support remove such restriction. 

	Qualcomm
	Option 2
All inter-band requirements are specified with one CC per band condition. It is not clear how option 1 could be used in the CBM inter-CA requirement framework. There are only two options for placing BMRS in the requirement specification, either in the CC with UL or in the CC without.

	Sony
	It is not clear to us why we have to withdraw previous agreement. Therefore, we suggest keeping the agreement for now (Option 2). 

	MediaTek
	Option 2. We share similar view as Sony.

	Ericsson
	Option 2.

	Samsung
	Share similar view as Sony.

	Apple
	RAN4 has already agreed on the BMRS location for FR2 CA, which is provided in the CC with configured UL BWP. Thus, we support Option 2.

	Nokia
	Better not to open earlier agreements thus Option 2.



Sub-topic 2-3: Requirement setting
Issue 2-3-1: ACS/IBB
· Proposals 
· Option 1: Based on the intra-band NC CA
· Option 2: Reuse the requirements of single-CC
· Option 3: Based on IBM inter-CA requirements
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Huawei, HiSilicon
	Since we already agree both single chain and multi chain is within the scope for CBM type. 
Firstly, RAN4 defines some in-gap details on ACS/IBB for intra-band NC DL CA:
“For in-gap, the requirement applies if the following minimum gap condition is met:
∆fACS ≥ BW1/2 + BW2/2 + max(BW1, BW2),
where ∆fACS  is the frequency separation between the center frequencies of the component carriers and BWk are the channel bandwidths of carrier k, k = 1,2.”
We think it can also apply to CBM inter-band CA.
For CBM type, it generally serves for one AOA DL signal, but the UE generates beam direction on each CC may have tiny variation. But the ACS/IBB test on each CC could be based on peak beam observed on the tested CC. however, these details can be up to RAN5.
The other issue is,  if 2 CC are adjacent to each other like intra-band contiguous DL CA, should we reuse the ACS/IBB requirement of intra-band contiguous CA to inter-CBM.

	vivo
	Option 1. The spectrum within same frequency group can be adjacent and the requirement for gap should be considered.

	Qualcomm
	Option 3: 
We prefer to have the same requirement framework for all band combos, and option 3 is necessary for the combos being considered for Rel-17 (different band groups). We however understand the comments above and are ok to add in gap wording for adjacent or overlapping bands.

	MediaTek

	We prefer to define it later. After we have clear consensus on overall requirement framework, it would be easier to further discuss each test item can be “IBM-like” or “intra-band NC CA - like” or others.

	Xiaomi
	Option 2 and Option 3 are Ok, for IBM inter-band CA requirements also reuse the single CC requirements, it just limited the test condition.

	Apple
	Based on the intra-band CA requirements.



Issue 2-3-2: Maximum input level
· Proposals 
· Option 1: Reuse the requirements of single-CC
· [bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86]Option 2: Based on intra-band DL CA, diff. beam peak directions allowed (R4-2111903)
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Huawei, HiSilicon
	Generally OK with option 2, and also OK with DL power is quantified as a sum of all DL CCs.
Specifically for “diff. beam peak directions allowed”, it means peak direction selection for each tested CC? We would like to know, why there is much difference on beam peak direction for each CC, beam squint? Or other reasons? Is it similar direction difference for both single chain and multi chain?

	Qualcomm
	Option 2.
To Huawei: in a multi-chain implementation, there may not be exact alignment of beams. In a single chain implementation, there is beam-squint. 

	MediaTek

	We prefer to define it later. After we have clear consensus on overall requirement framework, it would be easier to further discuss each test item can be “IBM-like” or “intra-band NC CA - like” or others.

	Nokia
	Option 2

	ZZZ
	



Issue 2-3-3: Spherical coverage
· Proposals 
· Option 1: Do not define EIS spherical coverage
· Option 2: Reuse the requirement framework of inter-band DL CA with IBM to define relaxation values for EIS spherical coverage.
· Option 3: Based on IBM inter-band CA with min. PSD difference (R4-2111903)
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK57]Huawei, HiSilicon
	Support option 2 and part option 3. For PSD difference requirement, it could be separately discussed, it may differ for single chain and multi chain architecture. For single chain, 6dB PSD difference is recommended, while for multi chain, it can follow IBM style.

	vivo
	Option 3 is OK. In addition, the spherical coverage should be defined for both same/different frequency group.

	Sony
	EIS spherical coverage is needed to set an implementation agnostic requirement. In our view, re-use the same framework with IBM under equal PSD (or as equal as possible) condition is the most reasonable wayforwad. Option 3 is preferred but option 2 is also acceptable for now if we would further discuss the PSD condition.  

	MediaTek

	We prefer to define it later. After we have clear consensus on overall requirement framework, it would be easier to further discuss each test item can be “IBM-like” or “intra-band NC CA - like” or others.

	LG Electronics
	Preference is Option 1. However, if defined, ‘Fs_inter_CBM’ needs to be considered for EIS spherical coverage relaxation. So we would like to add option 4.
Option 4 : Consider ‘Fs_inter_CBM’ for EIS spherical coverage relaxation.

	Xiaomi
	Option 2 and Option 3 are OK, but how to achieve the min PSD may need further discussion.

	Samsung
	prefer Option 3. To accommodate single chain CBM, min PSD difference is needed.

	Apple
	Since the multi-chain architecture is discussed for the support of CBM, in that case the definition of EIS spherical is reasonable. In our paper (R4-2112371), we have suggested the simulation assumptions to understand the performance degradation when comparing single to multi-chain implementation. Based on the simulation results, RAN4 can define the relaxation values for the EIS spherical coverage compared to IBM

	Nokia
	Option 3 is preferred as we think Spherical coverage requirement is definitely needed,



Issue 2-3-4: REFSENS testing scheme
· Proposals 
· Option 1: Reuse the requirement framework of inter-band DL CA with IBM to define relaxation values of REFSENS (R4-2113096)
· Option 2: Testing CBM UE with intra-band non-contiguous approach with either define larger relaxation or REFSENS are not required to be met at the same direction. (R4-2113901)
· Option 3: Based on IBM inter-band CA, min. PSD difference (R4-2111903)
· Option 4: Define PSD difference between 2 Bands as 6dB for UEs manufactured with only one RF chain for one frequency group; and Define PSD difference between 2 Bands as IBM type for UEs manufactured with 2 or more RF chains for one frequency group.
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Both Option 2 and Option 3 are ok, but prefer Option 3.
For the intra-band non-contiguous approach the EIS with relaxation shall be met simultaneously for both bands, then to multi-chain CBM UE, the two bands might have difficulty to meet the REFSENS simultaneous due to panel distance. Large EIS relaxation need to be defined to accommodate the multi-chain CBM implementation.

	Huawei, HiSilicon
	We prefer option 4. PSD difference requirement should be decided first. While option 3 discuss on how to test with equal PSD in conducted domain, without an agreement that equal PSD is requied.

	vivo
	Option 3, minimize the PSD difference is more suitable.

	Qualcomm
	Option 3
To Huawei, per chairman’s agreement, the principle of determining requirements for CBM is to accommodate single chain as well as multi-chain implementations. Since single-chain implementations (intra-band) is based on equal PSD, we do not see any other option but to ensure as close to equal PSD as reasonably possible.

	Sony
	In general, we think it is reasonable to re-use the IBM framework while under a PSD condition that can be as equal as possible (Option 3). Therefore, one of the core issues here is how good PSD balance we can achieve, which should be further discussed.  

	MediaTek

	We prefer to define it later. After we have clear consensus on overall requirement framework, it would be easier to further discuss each test item can be “IBM-like” or “intra-band NC CA - like” or others.

	Xiaomi
	Option 1 and Option 3 are Ok, but how to achieve the min PSD may need further discussion.

	Ericsson
	Refer to the discussion in 4-1 and 4-2: the requirement can be based on the IBM requirements with a more limited PSD difference.

	Samsung
	Option 3. To accommodate single chain CBM, min PSD difference is needed.

	Nokia
	Option 3. Option 4 is not attractive as we do not want to introduce capability to distinguish single and multichain UEs 



Sub-topic 2-4: multi-chain CBM vs IBM architecture
Issue 2-4-1: Whether CBM has benefit, compared to IBM, while UE is multi-chain architecture for same frequency group?
· Proposals 
· Option 1: Yes
· Option 2: No
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 2, no.
In our view, the UE with multi-chain architecture but only supporting CBM is a rare implementation since the expensive hardware has been supported why not support IBM directly?
And with different panels placed in UE, the beam mapping between them is not good as single chain UE.

	[bookmark: _Hlk80183728]Huawei, HiSilicon
	Option 1, Yes.
Now, the latest agreement made in RRM session is: 3us MRTD for CBM type. It means, CBM with multiple chain under such MRTD requirement will not have performance degradation on AGC and beam switching. While, CBM with single chain will have performance degradation that also already agreed in RRM session.
[bookmark: OLE_LINK69][bookmark: OLE_LINK68][bookmark: OLE_LINK70]We copy the agreement as below:
Agreements:
o MRTD for inter-band CA in FR2 under CBM is 3us
 For the receive time difference below X us no performance degradation is expected
 For the receive time difference equal or higher than X us a performance degradation is allowed
• Degradation of UE demodulation and [RRM] performance is allowed.

	vivo
	Slightly Prefer option 1. We have provided some analysis on this issue in the last meeting. For multi-chain UE, it may have three working modes:
· CBM, both RF chains are activated and the UE work as multi-chain mode. (Whether to support this mode depends on the UE implementation)
· CBM, but only one of the RF chains is activated and UE work as single-chain mode.
· IBM, both RF chain can work freely.
As for same frequency group, the degradation of “beam squint” for single-chain is acceptable. Comparing to single-chain CBM, the multi-chain CBM will increase the complexity, cost, consumption, require more relaxation due to the misalignment of beam peak and even put more restriction on implementation, but the performance gain comparing to single-chain may be not considerable.
As for multi-chain CBM comparing to the IBM, it still can reduce the beam training overhead.

	Qualcomm
	Option 1: Yes
Multi-chain has clear potential for better performance because no compromise is needed due to shared resources.  In the field, it means it is robust to PSD difference (like IBM) and can deal with us of MRTD without degradation (like IBM).

	Sony
	Option 1 Yes. We think the baseband process is still simpler for multi chain CBM UE compare to IBM UEs from the UE aspect, and the BMRS resources can be also saved from the network aspect. Moreover, the test can verify the UE performance with only one CC is configured with BMRS, which is useful information for the networks.  

	MediaTek
	Option 2 No.
As the company raised the question, we ‘d like to further clarify the question.
The question scope and assumption is “while the UEs use multi-chain architecture to support inter-band CA, is there any benefit for network to just provide CBM reference signal only rather than to provide complete IBM reference signal”.
In our analysis, based on same UE with multi-chain architecture, provide IBM reference signal will lead better network performance than just provide CBM reference signal. Please refer to our analysis in R4-2112975 and R4-2113026.
To Huawei, the CBM performacne degradation is noy just becasue of MRTD condition issue. Actually, while network doesn’t provide good enough BMRS reference signal to the two bands, respectively, network performance degradation is still observed. Please refer to our analysis in R4-2112975 and R4-2113026.

	LG Electronics
	We do not think that CBM with multi-chain has benefit compared to IBM. 

	Xiaomi
	Option 1

	Samsung
	Option 1. Potentially IBM has better RF performance but cost more resources from both network and UE sides.

	Apple
	One of the main differences between multi-chain architecture with IBM and multi-chain architecture with CBM comes from the network perspective. The network configuration for CBM provides the RS on the PCell only, and the SCell beam performance is degraded, since the beam of CC2 will choose its beam based on the measurement performed in CC1

	Nokia
	Option 1. To Huawei perhaps you compared multi chain CBM to single Chain CBM but that was not the question. Anyways as you pointed out RRM made good progress in this meeting hope RF can also make good progress!



Issue 2-4-2: If the answer to Issue 2-4-1 is NO, shall RAN4 still define requirement after considering “CBM, UE multi-chain architecture, same frequency group”
· Proposals 
· Option 1: Yes
· Option 2: No
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 2, no.

	Huawei, HiSilicon
	Now, the latest agreement made in RRM session is: 3us MRTD for CBM type. It means, CBM with multiple chain under such MRTD requirement will not have performance degradation on AGC and beam switching. While, CBM with single chain will have performance degradation that also already agreed in RRM session.
We copy the agreement as below:
Agreements:
o MRTD for inter-band CA in FR2 under CBM is 3us
 For the receive time difference below X us no performance degradation is expected
 For the receive time difference equal or higher than X us a performance degradation is allowed
• Degradation of UE demodulation and [RRM] performance is allowed.
With the agreement in RRM, we don’t need to hesitate on the CBM multi chain necessity in RF room.

	vivo
	We are open for this question but any restriction on the UE implementation is not expected.

	MediaTek
	Option 2 No.

To Vivo, we share similar view with you. 
For clarification, the question is not for UE implementation limitation discussion. It’s about, if we agree “UEs use multi-chain architecture based on CBM” will have performance degradation compared to 
“UEs use multi-chain architecture based on IBM”, do we still define such requirement? Or, network shall always provide IBM reference signal to the UEs with multi-chain architecture.
To Huawei, the CBM performacne degradation is noy just becasue of MRTD condition issue. Actually, while network doesn’t provide good enough BMRS reference signal to the two bands, respectively, network performance degradation is still observed. Please refer to our analysis in R4-2112975 and R4-2113026.

	LG Electronics
	Option 2.

	Nokia
	There was no consensus on Issue 2-4-1 to be NO hence this issue is obsolete.



CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Title
	Source
	Comments collection

	R4-2112369
	draftCR to 38.101-2 on the definition for inter-band DL CA CBM and Beam Management Reference Signal location for FR2 CA
	Apple
	Nokia: Support

	
	
	
	Company B

	
	
	
	Qualcomm: Support

	
	
	
	Anritsu: Support

	YYY
	
	
	Company A

	
	
	
	Company B

	
	
	
	



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.
	Sub-topic
	Status summary 

	Issue 2-1-1: UE capability supporting both IBM and CBM
	GTW Session
Agreement: Add new enumerated value to beam management type in [Rel-17] so that a UE can support both IBM and CBM, i.e., ENUMERATED {ibm, cbm, both}.
· FFS on the applicability of requirements for UE supporting both capabilities.
· FFS whether to introduce it from early release.
Recommendations for 2nd round:
None. Try to solve FFS in next RAN4 meeting.

	Issue 2-1-2: UE capability MultiChainCBM.
	GTW Session
Agreement: The capability to indicate whether the UE support CBM under multi-chain architecture is not introduced.
Recommendations for 2nd round:
Not needed.

	Issue 2-1-3: UE capability Fs_inter_CBM
	GTW Session
Discussion Points:  Introduce the UE capability Fs_inter_CBM for inter-band DL CA with CBM within the same frequency group.
· There is no relaxation of sensitivity requirements specific for separation factor for CBM within the same frequency group.
· Network is allowed not to configure the wider aggregated bandwidth than Fs_inter if UE does not report the capability for a band combination.
· The capability of UE is functional capability.
Recommendations for 2nd round:
Continue discussion under FR2 DL CA based on CBM email discussion and WF.

	Issue 2-2-1: Core requirements applicability in relation to BMRS location
	GTW Session
Agreement: 
· For core requirements applicability in relation to BMRS location,
· CBM inter-band CA requirements apply per-band with the BMRS configured in any one of the participating bands.
· Introduce side condition for core requirement that BMRS can only be placed on PCC for the DL CA case with a single uplink.
· FFS whether to set side condition only for the worst case
· For test cases, further discussion on setup for testing to reduce the test burden and send LS to RAN5.
Recommendations for 2nd round:
Continue discussion under FR2 DL CA based on CBM under email discussion and WF.
Moderator note: Core requirement applicability and testing aspects are linked but it is important to understand they are not the same thing. Even if core requirements apply in “all” cases testing can (and should) be limited somehow for example test only worst case.

	Issue 2-2-2: Testing aspects in relation to BMRS location
Issue 2-2-3: BMRS type in testing
Issue 2-2-4: Where BMRS is placed
	GTW Session
BMRS Testing aspects, type and placement were discussed under Issue 2-2-1
Recommendations for 2nd round:
Continue discussion under FR2 DL CA based on CBM email discussion and WF.

	Issue 2-3-1: ACS/IBB
Issue 2-3-2: Maximum input level
	Recommendations for 2nd round:
Continue discussion under FR2 DL CA based on CBM email discussion and WF.
Moderator note: Try to agree requirement framework.

	Issue 2-3-3: Spherical coverage
Issue 2-3-4: REFSENS testing scheme
	GTW Session
Agreement: RAN4 agree to introduce the spherical coverage requirements based on IBM inter-band CA framework.
· FFS on the values for the requirements
· FFS whether there is PSD difference and what is the difference
· FFS check the impact of frequency separation
Agreement: RAN4 agree to introduce the REFSENS core requirement based on IBM inter-band CA framework
· FFS on the values for the requirements
· FFS whether there is PSD difference and what is the difference
· FFS check the impact of frequency separation
Recommendations for 2nd round:
Continue discussion under FR2 DL CA based on CBM email discussion and WF.
Moderator note: Try to solve FFS especially the PSD difference issue.

	Issue 2-4-1: Whether CBM has benefit, compared to IBM, while UE is multi-chain architecture for same frequency group?
Issue 2-4-2: If the answer to Issue 2-4-1 is NO, shall RAN4 still define requirement after considering “CBM, UE multi-chain architecture, same frequency group”
	Recommendations for 2nd round:
Not neededContinue discussion on 2nd round.
Moderator note: Proponent can of course make proposal again in next meeting but looking the company comments and the CBM progress in this meeting moderato wonders if this discussion is valuable to be repeated in next meeting again.Views on proposal from MTK presented in Table below can be commented on section 2.4
	Inter-band DL CA
	UE architecture
	different frequency groups (ex: 28+39)
	same frequency group (ex: 28+28)

	CBM
	single-chain
	NOT feasible based on state-of-the-art
	Feasible w/ frequency separation limitation

	
	multi-chain
	Feasible but worse performance than IBM
	Feasible but worse performance than IBM







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
	TDoc name
	Comppany
	CRs/TPs Status update recommendation  

	R4-2112369
	draftCR to 38.101-2 on the definition for inter-band DL CA CBM and Beam Management Reference Signal location for FR2 CA
	Apple
	Agreeable



Discussion on 2nd round (if applicable)
Email discussion moderated by Qualcomm and WF assigned. As per Chair guidance word should be used instead of power point in WF for better tracking of comments.
In this table companies can express views on this topic although intention is mainly to discuss over email commenting the WF.
	Company
	Comment

	Qualcomm
	On this topic from 4.3.1:
Views on proposal from MTK presented in Table below can be commented on section 2.4.
	Inter-band DL CA
	UE architecture
	different frequency groups (ex: 28+39)
	same frequency group (ex: 28+28)

	CBM
	single-chain
	NOT feasible based on state-of-the-art
	Feasible w/ frequency separation limitation

	
	multi-chain
	Feasible but worse performance than IBM
	Feasible but worse performance than IBM



We do not see why this kind of detail must be discussed. It is sufficient to deem CBM as feasible for both columns and leave it at that.
The problem with this kind of table is that it may be difficult to agree on the details. We cannot support this table as ‘common understanding’


	MediaTek
	To Qualcomm: Thanks for your response. It reflects that RAN4 companies still has no common understanding on picture of “inter-band DL CA based on CBM”. And it means that we would still need to further discuss this kind of question while we discuss corresponding potential requirement. Furthermore, intention of the clarification question is not to block prior agreement like “RAN4 agrees to define CBM requirements in such manner that both single chain and multi chain architectures are possible”, because we are actually doing discussion under this guideline.

	DOCOMO
	There are differences in understanding between many companies and us. Could you teach us about the following?
RAN4 has agreed to define requirements such way that both single and multi-chain are possible. However, in our understanding, this is an agreement on CA within same frequency group. This had been divided by the topic clearly when it is discussed. Also, for CA between different frequency groups, it was study phase and even "Reference architecture" has not been agreed.
Why does the agreement on the same frequency group apply to different frequency groups as well? (The feasibility of the single chain for CA between different frequency groups is FFS. Therefore, if it is not feasible, CBM requirements may be defined based on multi-chain only.)



WF discussion 
WF – UE capabilities
1. GTW Agreement: Add a new enumerated value to beam management type in [Rel-17] so that a UE can support both IBM and CBM, i.e., ENUMERATED {ibm, cbm, both}.
a. FFS on the applicability of requirements for UE supporting both capabilities.
b. FFS whether to introduce it from early release.
2. GTW Agreement: The capability to indicate whether the UE support CBM under multi-chain architecture is not introduced.
3. FS_inter_CBM Discussion:
a. There is no relaxation of sensitivity requirements specific for separation factor for CBM within the same frequency group.
b. Network is allowed not to configure the wider aggregated bandwidth than Fs_inter if UE does not report the capability for a band combination.
c. The capability of UE is functional capability.
Comments will be moved to 2nd round discussion document prior to WF approval
	Company
	Comments

	Qualcomm
	Fs_inter_CBM breaks the notion of what inter-band CA is. We do not support introducing such a capability. 

Band capability implies that a UE must be able to be configured with one CC anywhere in a band for which it declares support. Inter-band CA capability therefore implies that the UE must be simultaneously configurable as described above in 2 bands. i.e The Inter-band feature is the aggregation of one CC anywhere in one band with one CC anywhere in another band. 

In response to a comment made on this topic by another company: The existence of frequency separation class is irrelevant to the basic inter-band CA consideration. FS is about intra-band non-contiguous CA and would be relevant for a combined inter- + intra- NC CA application.

A UE should not be declaring inter-band capability for a band combination if it cannot meet the following condition: the UE must be simultaneously configurable with one CC anywhere in one band and a second CC anywhere in the second band in the band combination.

	LG Electronics
	Support to introduce ‘Fs_inter_CBM’. During 1st round and GTW, majority view is to introduce it. And, why it is needed has been provided many times during several meetings.  
From GTW, we think that discussion points are  ‘a’, ‘b’ and ‘c’ for ‘Fs_inter_CBM’.
For ‘a’, we think that the relaxation of sensitivity is related to the separation factor.
For ‘c’, we think the relaxation should be considered together for the functional capability.   

	Sony
	We think it maybe helpful to align on some high-level agreement first, e.g., the wording suggested by Qualcomm: “A UE should not be declaring inter-band capability for a band combination if it cannot meet the following condition....” before we further discuss the FS_inter_CBM capability itself. 

	OPPO
	Agree with LGE.

	MediaTek
	We share similar view with LG about: 
· Support to introduce ‘Fs_inter_CBM’. During 1st round and GTW, majority view is to introduce it. And, why it is needed has been provided many times during several meetings.  
The benefit is obvious, while ‘Fs_inter_CBM’ is introduced, network can do well configuration based on UE capability for inter-band CA operation.


	Huawei, HiSilicon
	We already agree: Both single chain and multi chain are under CBM architecture. For single chain architecture, the UE is definitely need to indicate its capability on Fs_inter_CBM to NW. So should introduce this capability if allow single chain architecture.
The logic from QC does not make sense. For intra-band NC CA, the common understanding UE should support CCs positioned at any frequencies. But considering the  architecture, we  define separation class for intra-band NC CA in rel-15 and further extend in Rel-16. With the logic, inter-band CA CBM should also apply with this.

	Xiaomi
	Agree with LGE and Huawei. I think the notion of inter-band CA will be broken as soon as we use inter-band CA with CBM within same frequency group no matter introducing Fs_inter_CBM. Actually, the Rx requirements for inter-band CA with CBM (in below WF) have broken the notion of what inter-band CA is.

	Nokia
	We agree with Qualcomm that if UE advertises a band combination capability (which is optional) then it must be able to support all possible CC placements. Hence we do not support this capability but as we have mentioned we can allow some relaxations on REFSENS based on CC separation.

	Apple
	We don’t agree with the point a), which is the introduction of FS_inter_CBM with no relaxation for the sensitivity requirements. Agreeing on not having any relaxation for the sensitivity requirements will exclude support of UEs with single-chain architecture for CBM. RAN4 minimum requirements should not preclude any potential architecture. 
The frequency separation for inter-band CA for bands within the same frequency group can be up to 6.5 GHz and in the current specification, there has been defined relaxation for frequency separation beginning with 800 MHz. Thus, we don’t understand the proposal to not define relaxation for frequency separations larger than 800 MHz.

	ZTE
	We agree with Qualcomm that the Inter-band feature is the aggregation of one CC anywhere in one band with one CC anywhere in another band. 


· 


WF - Beam management reference signal
1. Beam management reference signal (BMRS): The DL signal designated by the network for the UE to make measurements on, for the purpose of selecting its DL beam(s). 
2. GTW Agreement: For core requirements applicability in relation to BMRS location:
a. CBM inter-band CA requirements apply per-band with the BMRS configured in any one of the participating bands.
i. Introduce side condition for core requirement that BMRS can only be placed on PCC for the DL CA case with a single uplink.
ii. FFS whether to set side condition only for the worst case
3. GTW Agreement: For test cases, further discussion on setup for testing to reduce the test burden and send LS to RAN5.
Comments will be moved to 2nd round discussion document prior to WF approval
	Company
	Comments

	Qualcomm
	We have inserted for consideration, a definition of BMRS, since RAN4 have already made agreements pertaining to it, but some companies commented that BMRS would not be understood outside RAN4

	Samsung
	Propose to refine the wording of BMRS: “for the purpose of selecting its DL Rx beam(s)”

	Sony
	Agree with Samsung’s refinement, and it may even sufficient to just say “DL Rx beam(s)” since it is UE beam. 

	OPPO
	For the BMRS, it is better to further clarify the “DL signal” is it SSB, CSI-RS or both?

	Huawei, HiSilicon
	Agree with OPPO, specific side condition can better interpret on ‘BMRS’. 

	Nokia
	Agree with Samsung comment otherwise ok. 
For OPPO BMRS selection should be based on UE capability on beam correspondence.




WF – Sensitivity Requirements
1. GTW Agreement: RAN4 agree to introduce REFSENS and EIS spherical coverage requirements based on IBM inter-band CA framework.
a. FFS on the values for the requirements
b. FFS whether there is PSD difference and what is the difference
c. FFS the impact of frequency separation

Comments will be moved to 2nd round discussion document prior to WF approval
	Company
	Comments on 1.a

	
	

	
	

	
	

	
	



	Company
	Comments on 1.b

	Qualcomm
	PSD restriction is motivated by need to accommodate single chain Rx. ‘Equal PSD’ is the test condition for intra-band CA, but that may not work well for inter-CA: Noise figures and peak antenna gains in any AoA could differ across the bands, so connection may be not maintained in both bands when DL power is adjusted down to sensitivity level for one of them. ‘Minimized PSD difference’ is therefore the practical goal on 1.b. In our view, the PSD limitation exists for single chain UEs because it uses a single gain state for both bands. In intra-band CA sensitivity requirements, ‘equal PSD’ intends to maintain equal PSD in sections of hardware optimized by gain state.  (‘conducted domain’). For CBM inter-CA, the goal should therefore be to minimize PSD difference in the conducted domain.

	Samsung
	Agree with Qualcomm analysis. 
It is correct interpretation of “equal PSD” for CBM inter-band CA to minimize PSD difference in the conducted domain.

	Huawei, HiSilicon
	We cannot agree with QC proposal on PSD difference. Big difference between conducted domain and OTA domain only exist with some implementations. We should not define requirement specifically for some implementations.
From gNB perspective, PSD difference should be defined on the plane before the antenna array, because gNB cannot know what is UE’s status on its conducted domain.

We can go with simply define on the PSD difference requirement. Considering CBM UE can also work for non-collocated deployment, equal PSD requirement may have impact on supporting more deployment.

	Nokia
	We understand Huawei’s comment that non-collocated deployments cannot guarantee “equal PSD” but we also know that single chain UEs cannot handle large PSD difference and as RAN4 has agreed to do requirements so that both single and multi-chain are feasible some kind of PSD limitation is needed for CBM compared to IBM.

	DOCOMO
	It should be clarified that this is a discussion about CBM within same frequency group. For CBM between different frequency groups, in this meeting, study phase can be completed for architecture with multiple RF chains. Further discussion may be needed to agree on the issue of next phase.
In addition, RAN4 has agreed to define requirements such way that both single and multi-chain are possible. However, in our understanding, this is an agreement on CA within same frequency group. This had been divided by the topic clearly when it is discussed. For CA between different frequency groups, even "Reference architecture" has not been agreed. If we have a misunderstanding, please teach us. It has been vaguely discussed, so we would like to clarify.

Based on DOCOMO’s analysis when we discussed on IBM, for CA between different frequency groups, the PSD difference is necessary even if co-located scenario is assumed. Therefore, we think that the feasibility of the single chain is FFS.
For CA within same frequency group, it is necessary to minimize PSD difference based on limitation of single chain, but it is not "equal PSD".

	Apple
	We support the argument shared by Qualcomm to minimize the PSD difference for CBM inter-band CA.



	Company
	Comments on 1.c

	LG Electronics
	Relaxation for REFSENS and EIS spherical needs to be defined considering frequency separation like that of Rel-16 intra-band NC CA. Comparing to the intra-band NC CA, the extended frequency separation is expected. The following table is one example. Here, up to 2400MHz, it can be same as the intra-band NC CA. 
Table. Relaxation of REFSENS/EIS spherical
	Frequency separation (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5

	> 2400 and ≤ 3400
	X1

	> 3400 and ≤ 4400
	X2

	> 4400 and ≤ 5400
	X3

	> 5400 and ≤ 6400
	X4



FFS : X1, X2, X3 and X4

	Sony
	We agree that the frequency separation should be considered. However, we prefer to define the requirement per band pair (same as IBM), rather than introducing a table with gradually increased relaxation values. We think the requirement framework should be unified between CBM and IBM since both are for inter-band CA. 

	Nokia
	As we have stated we should acknowledge this in writing the requirements with the understanding that Fs_interband is not introduced. Sony proposal is attractive.

	Apple
	The network configuration for CBM provides the RS on the PCell only, and the SCell beam performance is degraded, since the beam of CC2 will choose its beam based on the measurement performed in CC1. For the EIS relaxation we need to consider the beam performance degradation compared to the IBM architecture, the analysis has to take into account the frequency separation ranges.




WF – Max. input power requirement
1. Requirement shall be based on intra-band DL CA, diff. beam peak directions allowed (R4-2111903)
2. Text proposal:
[bookmark: _Toc29799577][bookmark: _Toc29770078][bookmark: _Toc37322981][bookmark: _Toc37324387][bookmark: _Toc45889910][bookmark: _Toc37254122][bookmark: _Toc21343112][bookmark: _Toc52196590][bookmark: _Toc53173293][bookmark: _Toc52197570][bookmark: _Toc53173662][bookmark: _Toc61119664][bookmark: _Toc61120046]7.4A.3	Maximum input level for Inter-band CA
For UEs that support inter-band carrier aggregation with IBM with one component carrier per operating band and the uplink assigned to one NR band, the maximum input level is defined with the uplink active on the band other than the band whose downlink is being tested. The UE shall meet the requirements specified in clause 7.4 for each component carrier while all downlink carriers are active.
For UEs that support inter-band CA with CBM, the requirement specified in clause 7.4A.1 applies per component carrier, with one component carrier per operating band. The verification direction is where peak gain is achieved by the carrier being tested. 

Comments will be moved to 2nd round discussion document prior to WF approval
	Company
	Comments on 1.a

	Qualcomm
	We have inserted a proposed baseline for requirement wording based on 1st round comments. If not agreeable TP can be removed from WF

	Huawei, HiSilicon
	[bookmark: OLE_LINK36]Want to clarify, what is the meaning of “peak gain is achieved”? does it mean max peak Refsens direction?

	Nokia
	We agree that max input level needs to be tested to the direction where peak gain is achieved and this can be different for different bands therefore WF makes sense.






WF – ACS Requirement
1. Requirements shall accommodate UEs that have different beam peak direction for each band
a. FFS whether there is PSD difference and what is the difference
2. Text proposal:
[bookmark: _Toc37324392][bookmark: _Toc45889916][bookmark: _Toc52196596][bookmark: _Toc37322986][bookmark: _Toc53173668][bookmark: _Toc53173299][bookmark: _Toc61120052][bookmark: _Toc61119670][bookmark: _Toc52197576]7.5A.3	Adjacent channel selectivity for Inter-band CA
For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one NR band, the UE shall meet the requirements specified in clause 7.5 for each component carrier while all downlink carriers are active.
For UEs that support inter-band CA with IBM or CBM, the requirement is defined with the uplink active on the band other than the band whose downlink is being tested. The verification direction is where peak gain is achieved by the carrier being tested.

Comments will be moved to 2nd round discussion document prior to WF approval
	Company
	Comments on 1.a

	Qualcomm
	We have inserted a proposed baseline for requirement wording. If not agreeable TP can be removed from WF

	Samsung
	It seems the paragraph for CBM is missing?

	Qualcomm
	Thank you Samsung, have added CBM to applicability of proposal. 

	[bookmark: OLE_LINK37]Huawei, HiSilicon
	Also Want to clarify, what is the meaning of “peak gain is achieved”? does it mean max peak Refsens direction?

For inter-band CBM, if 2 CC are adjacent, is that possible to go with contiguous ACS requirement?

	Xiaomi
	I have a question, what is the ACS requirement in gap for inter-band CA with CBM with same frequency group? Since the IBB requirement (in below WF-IBB requirement) considered the case in-gap, why doesn’t ACS need consider it?

	Nokia
	Looks reasonable. 




WF – IBB Requirement
1. Requirements shall accommodate UEs that have different beam peak direction for each band
a. FFS whether there is PSD difference and what is the difference
2. Requirements shall accommodate in-gap exceptions of intra-band NC CA requirements
3. Text proposal:
[bookmark: _Toc37254138][bookmark: _Toc45889926][bookmark: _Toc61119680][bookmark: _Toc37322996][bookmark: _Toc37324402][bookmark: _Toc61120062][bookmark: _Toc53173309][bookmark: _Toc53173678][bookmark: _Toc52196606][bookmark: _Toc52197586]7.6A.2.3	In-band blocking for Inter-band CA
For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one NR band, the UE shall meet the requirements specified in clause 7.6.2 for each component carrier while all downlink carriers are active.
For UEs that support inter-band CA with IBM, the requirement is defined with the uplink active on the band other than the band whose downlink is being tested.
For UEs that support inter-band CA with CBM, the requirement applies for out-of-gap blockers as well as in-gap blockers when the minimum gap condition of sub-clause 7.6A.2.2 is met. The verification direction is where peak gain is achieved by the carrier being tested.

Comments will be moved to 2nd round discussion document prior to WF approval
	Company
	Comments on 1.a

	Qualcomm
	We have inserted a proposed baseline for requirement wording incorporating comments from 1st round discussion. If not agreeable TP can be removed from WF

	Huawei, HiSilicon
	The same concern as for ACS.

	Nokia
	Looks reasonable. 




Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	WF number
	WF Name
	Source
	T-doc Status update recommendation  

	R4-2114960
	WF on WF on FR2 DL CA based on CBM
	Qualcomm
	



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

	R4-2112283
	Definition of FR2 MPR and spherical coverage for ULCA
	Qualcomm Incorporated
	Proposal 1: For FR2 ULCA modify the MPR equation to account for PA-PA interactions as follows: MPRinter_band = max(MPRWT, MPRnarrow, MPRPA-PA)
[bookmark: _Hlk79497848]Proposal 2: RAN4 to discuss if MPRPA-PA should be specified per band or per band combination.
Proposal 3: RAN4 to discuss how to incorporate MPRPA-PA into ΔTIB,S,n

	R4-2112575
	Discussion on FR2 inter-band UL CA
	Samsung
	Observation 1:	RAN4 needs to discuss whether independent power control apply for FR2 inter-band UL CA based on IBM between different frequency groups.
Observation 2:	RAN4 needs to discuss the Scell dropping issue for FR2 UL CA.
Proposal 1:	RAN4 needs to discuss power configuration assumption for FR2 inter-band UL CA and UE power consumption should be addressed in some manner.
Observation 3:	One possible solution in middle way may be to only require maximum output power transmission for tested band and a relative low output power can be configured for non-tested band.
Observation 4:	crossing-WG discussion is needed for FR2 inter-band UL CA requirements.

	R4-2112873
	UE UL CA requirements based on IBM
	Sony, Ericsson
	Proposal 1: Specify min peak EIRP and spherical coverage per band with relaxed requirement compared to single-CC with consideration of MBR, beam peak misalignment and PA-PA interaction.
Proposal 2: Specify min peak EIRP and spherical coverage as per band with relaxed requirement compared to single-CC, i.e., n257=22.4-X dBm, n259=18.7-Y dBm, where X = Y = 3.5 dB.
Observation 1: The PCMAX is defined at different reference plane than EIRP, which may create issues especially when the beams point towards different directions for UL inter band CA operation. For general inter-band UL CA the TRP could be used for governing the power prioritization of an inter-band combination and the total UE power.

	R4-2113006
	Disscussion on inter-band UL CA
	vivo
	Observation 1: The relaxation due to thermal, power consumption and PA-PA interaction, which will can be lower when only one of the bands is activated.
Proposal 1: The relaxation for min peak EIRP due to MBR shall not be reduced by the activation status of the participating CA bands.
Observation 2: The relaxation for thermal and power consumption may be difficult to quantify because the implementation is diverse.
Proposal 2: Instead of specify the relaxation of thermal and power consumption, the total power concept can be introduced, and it can be defined as the sum of EIRP in peak direction of two band shall not exceed the 43 dBm.
Proposal 3: For IBM, only the influence of “inter-panel” PA-PA interaction need to be considered.
Proposal 4: The total UE power concept should not be considered in spherical coverage.   

	R4-2113097
	Tx requirements for inter-band UL CA between different frequency groups based on IBM
	Xiaomi
	Observation: Applicable relaxation values for min peak EIRP could depend on the activation status of the participating CA bands.
· Scenario 1 has lower relaxation values X1/Y1 when only 1 UL band is activated
· Scenario 2 has higher relaxation values X1+X2/ Y1+Y2 when 2UL bands are activated simultaneously.
Proposal 1: The relaxation values ΔTIB,P,n for min peak EIRP could be defined for different applicable scenarios:
· Scenario 1: ΔTIB,P,n = MBP,n only when 1 UL band is activated.
· Scenario 2: ΔTIB,P,n = X2/Y2+MBP,n when 2UL bands are activated simultaneously.
Proposal 2: The relaxation values X2/Y2 need consider the impact factors of total UE power concept, power consumption consideration and thermal issues consideration.
Proposal 3: How to apply the different relaxation values ΔTIB,P,n based on the activation status of the participating CA bands need further study.
Proposal 4: The relaxation values ΔTIB,S,n for min EIRP spherical coverage could be ΔTIB,S,n= X2/Y2+2.7 dB.
Proposal 5: In additional, MPR, AMPR, Output RF spectrum emissions and beam correspondence could reuse the requirements of single CC operation per band for inter-band UL CA between different frequency groups for IBM.

	R4-2112336
	RF requirements for CA_n257A_n259A based on IBM
	LG Electronics
	For inter-band UL CA n257A_n259A
Proposal 1: Specify Min Peak EIRP as per band for inter-band UL CA n257A_n259A with relaxation compared to single CC.
· n257=22.4-X dBm , X = 3.7 ( 3+0.7)
· n259=18.7-Y dBm,  Y = 3.5 ( 3+0.5)
Proposal 2: Specify Spherical coverage requirement as per band for inter-band UL CA n257A_n259A with relaxation compared to single CC.
· n257=11.5-X dBm , X = 3.7 (3+0.7)
· n259=5.8-Y dBm,    Y = 3.5 (3+0.5)

	R4-2113031
	Proposal on min peak EIRP relaxation of Inter-band UL CA of CA_n257-n259 based on IBM
	MediaTek Beijing Inc.
	Proposal: min peak EIRP relaxation of Inter-band UL CA of CA_n257-n259 based on IBM is 9 dB.

	R4-2113902
	R17 FR2 IBM Inter-band UL CA peak EIRP and spherical coverage
	OPPO
	Observation 1:          The factors like relaxation to meet common spherical coverage requirements, and multi-band relaxations also exist in inter-band UL CA.
Observation 2:          2dB relaxation is needed to meet the common spherical coverage requirements in DL, and similar in UL.
Observation 3:          More than 0.5dB relaxation is needed according to the multi-band relaxation differences between n257+n259 and n260+n261.
Observation 4:          To cope with power consumption and thermal issues caused by activating two bands and two panels, there is no room to further reduce the transmitting time, instead UE has to limit the total transmit power.
Observation 5:          It is expected at least additional 1dB is needed to compensate the power consumption and thermal issues.
Proposal 2:               It is proposed to define 3.5dB relaxation for min peak EIRP of each band in n257+n259 compared with single band requirements.
Proposal 3:               It is proposed to define 3.5dB relaxation for spherical coverage of each band in n257+n259 compared with single band requirements.

	R4-2114061
	On FR2 inter-band UL CA for different frequency group based on IBM
	Nokia, Nokia Shanghai Bell
	Observation 1: Total UE power concept is not adequate to FR2.
Observation 2: PA-PA interaction, power consumption and thermal issues are handled in MPR mechanisms and should not be considered as CA relaxation. 
Proposal 1: UL CA relaxation ΔTIB,P,n is specified for the minimum peak EIRP requirement. ΔTIB,P,n shall be CA band combination specific.
Proposal 2: MBR shall be include in the total UL CA relaxation value, ΔTIB,P,n .
Proposal 3: ΔTIB,P,n shall be ΔRIB,P,n -1 dB
Proposal 4: UL CA relaxation ΔTIB,S,n is specified for the EIRP spherical coverage requirement. ΔTIB,S,n is CA band combination specific.
Proposal 5: MBR shall be include in the total UL CA relaxation value, ΔTIB,S,n .
Proposal 6: ΔTIB,S,n shall be ΔRIB,s,n -1 dB.
Proposal 7: Output power dynamics, Transmit signal quality, Output RF spectrum emissions and Beam correspondence for inter-band CA is specified per band for inter-band CA.
Proposal 8: TP to TR 38.851 is proposed in Annex.



Open issues summary
Sub-topic 3-1: PA-PA interaction
Issue 3-1-1: How to incorporate PA-PA interaction
· Proposals 
· Option 1: Included in CA MPR
· Option 2: Included in relaxations X and Y
· Option 3: No need to include.
· Recommended WF 
· TBA
Companies views’ collection for 1st round:
	Company
	Comments

	Verizon 
	Option 1

	OPPO
	Option 2, since it impacts the UE peak EIRP, and spherical coverage ability.

	Huawei, HiSlicon
	Option 2. We don’t see the result difference on solution in option 1 and option 2. The relaxation is similar as the application in MPR, both are only has the impact on the lower bound on Pcmax, no impact on the upper bound. The UE is always allowed to send power up to 43dBm.

	vivo
	Option 1, MPR is more suitable for capturing this issue. In our understanding, the PA-PA interaction only affects when both bands are activated. If we incorporate this issue within the X/Y, the UE need more relaxation even when only one band is activated, which will restrict the UL performance unnecessarily.  

	Qualcomm
	Option 1: Include in CA MPR framework.
Consider a case where 3 dB of back off is required in a certain band for a UE to have emissions compliance in inter-ULCA mode. Consider also, the case where the UE already uses 5 dB backoff (MPR) because the UL is CP-OFDM QPSK,  In this case the backoff is greater that what it needs for emissions compliance, i.e the UE does not need 5+3 dB of back off.  
Using non-zero X or Y means that UEs will get 8 dB of back off in the case above.


	Sony
	Our understanding is that MPR is not part of minimum requirement discussion, therefore, we think the MPR value should not be included in X and Y at least. Whether additional MPR is needed should be discussed separately. 

	LG Electronics
	Option 2. The impact of PA-PA interaction  is better to be included in relaxation rather than MPR.

	Xiaomi
	Option 1, since PA-PA interaction mainly impact the emission compliance, MPR could be used to adjust the output power to meeting the emission requirement, At the same time, avoid some unnecessary power reduction.

	DOCOMO
	Option 1.

	Ericsson
	Option 1, this is part of MPR evaluation

	Samsung
	We are a little confused with the MPR approach. MPR is usually to address different waveform, modulation, RB position, etc. if PA-PA is included in MPR, when UE is in MOP status, it will fail the emission requirements?

	ZTE
	Option 1.

	Nokia
	Option 1, MPR mechanism addresses PA-PA interaction



Issue 3-1-2: PA-PA interaction aspect
· Proposals 
· Option 1: Only inter panel interaction is considered
· Option 2: Depends on activation status
· Option 3: Others (both or none, etc)
· Recommended WF
· TBA
Companies views’ collection for 1st round:
	Company
	Comments

	Verizon
	Option 1

	Huawei, HiSilicon
	Option 1 and option 2 is hard to define in the spec. 

	vivo
	Option 3, both option 1 and 2 should be considered. The intra-panel may imply the sharing front-end which is more like CBM, so for IBM the inter-panel is more typical; the relaxation of PA-PA interaction is only required when both band are activated simultaneously, which means the UL performance can be raised when only one band is working.

	Qualcomm
	Option 2. 
Option 1 would preclude intra-panel inter-ULCA. The justification provided for option 1 is not good for the network because a significant fraction (if not majority) of the gNB deployments is expected to be ‘co-located’ for both bands. Co-located here could mean side by side panels, or similar.

	Xiaomi
	Option2, since the PA-PA interaction only affects when both bands are activated

	Nokia
	Option 2



If MPR should include PA-PA interaction,
Issue 3-1-3: For FR2 ULCA modify the MPR equation to account for PA-PA interactions as follows: MPRinter_band = max(MPRWT, MPRnarrow, MPRPA-PA)
· Proposals 
· Option 1: Agree
· Option 2: Not agree
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	vivo
	Generally OK with option 1, the different RB allocations also need be considered in MPRPA-PA, and this parameter is valid only when both bands are activated.  

	Qualcomm
	We are proponents of option 1, so agree
Since PA-PA interaction is mainly a regulatory emissions concern, sufficient back off can ensure emissions compliance. This back off could be motivated by any other requirement, like transmit signal quality, or emissions compliance in single band operation. For example, back off for EVM compliance (MPR) would also help ensure emissions compliance in the inter-band case.  So there is no need to institute a independent additive back off for this mechanism, it is better handled by an alternative minimum MPR. The agreed X and Y approach applies a static power reduction for all waveforms and therefore not preferred in an already strongly UL limited system.

To vivo, agree, more discussion is required to build on this concept.

	LG Electronics
	It is up to decision of issue 3-1-1. 

	Xiaomi
	I think the definition for MPRinter_band need further discuss, since the inter-band CA can include intra-band CA, therefore, in this case, the MPRinter_band may need consider MPRWT_C_CA or MPRNC_CA not MPRWT

	Ericsson
	Option 2: isn’t the PA-PA interaction part of MPR in general? There are also quiet large margins and test tolerances are large. UL performance with a single UL is challenging today.

	Nokia
	Option 1: Agree



Issue 3-1-4: If defined how to apply MPRpa-pa
· Proposals 
· Option 1: per band
· Option 2: per band combination
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	vivo
	Prefer option 2.

	Nokia
	Option 2

	ZZZ
	

	Qualcomm
	Further discussion needed to down select.
The mechanism manifests per band combination so it would be most realistic and intuitive to specify MPR per band combination, to be distributed in some manner to the participating bands. Specifying a quantity cumulatively over 2 or more bands however is difficult to manage (example: Rel-15 multi-band relaxations). 
Identifying per-band quantities is tougher because a band may not need much MPR in one combination but may need significant MPR in another combination. 


	Xiaomi
	need further discussion

	DOCOMO
	We prefer Option 2 for now, but further discussion is needed.

	Ericsson
	What is the need for this given the large tolerances?



0. Sub-topic 3-2: X and Y
Issue 3-2-1: min PeakEIRP
· Proposals 
· Option 1: X=Y=3.5 dB
· Option 2: X=3.7 dB and Y=3.5 dB
· Option 3: 1UL ΔTIB,P,n = MBP,n  and 2UL ΔTIB,P,n = X2/Y2+MBP,
· Option 4: ΔTIB,P,n shall be ΔRIB,P,n -1 dB
· Option 5: X=Y=9 dB
· Option 6: X and Y is not needed but UL CA relaxation included in CA MPR 
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 1, X=Y=3.5 dB.

	[bookmark: _Hlk80194130]Huawei, HiSilicon
	The middle value between option 1 and option 5, which includes PA-PA interaction impact.

	vivo
	Option 4, the ΔRIB,P,n -1 dB or ΔRIB,s,n -1 dB incorporate the common spherical coverage , the misalignment of beam peak and the MBR. The PA-PA interaction can be captured in MPR and the consumption and thermal can be captured by introducing the “total UE power concept”. 

	Qualcomm
	Option 4 + option 6
We prefer to make X&Y zero and introduce the MPR_PA-PA term into the CA MPR equation. Also we would like to make the formulation consistent with whatever is decided as optimal for spherical coverage
Perhaps RAN4 need to discuss an upper limit to per band relaxation that would allow inter-band UL CA to remain a net-benefit. Many of the options above will unduly reduce UL power.



	Sony
	Option 1 is preferred. Values in option 2 is also acceptable but we prefer to have X = Y to algin with DL part. 

	MediaTek
	After study the comments and offline clarification, we find an additional open issue shall be clarified firstly, before we select which X&Y values.

Be more specific, while companies propose “X&Y values”, no matter do you agree with “total conductve power concept” or not, what’s the frmaework in your mind?

· Equivalent inter-band UL CA relaxation:
· Alt-1:“X&Y value + 3dB relaxation per band becuase of total power concept” 
· Alt-2: X&Y only (# X&Y values already include totoal power oncept)

There is no real difference in the end, however, why we propose the X&Y value, our framework is like Alt-2.

Back to our proposal (R4-2113031), while we consider both “total conductive output power” and also “) total UE power consumption”, we think the X&Y values shall be calculated by below formula:
· Max of ((Factor 1 plus Factor 2), (Factor 3))
· # (Factor 1) total conductive output power
· # (Factor 2) basic relaxation from single-band to inter-band CA operation
· # (Factor 3) total UE power consumption

Further apply the value, the calculation is as below:
Max of ((3 + [4]), 9) = 9 (dB)

	LG Electronics
	Option 2. We need to consider the difference of per-band MBR in single CC. 

	Xiaomi
	it depends on how to treat the PA-PA interaction

	DOCOMO
	We prefer Option 4 and Option 6.

	Ericsson
	Option 1 OK, not Option 5.

	Samsung
	Before we discussing X and Y values, we’d better achieve consensus on total power in subtopic 3-3 and power control in subtopic 3-4.

	Nokia
	Option 6 or Option 4



Issue 3-2-2: Spherical coverage
· Proposals 
· Option 1: X=Y=3.5 dB
· Option 2: X=3.7 dB and Y=3.5 dB
· Option 3: ΔTIB,S,n= X2/Y2+2.7 dB.
· Option 4: ΔTIB,S,n shall be ΔRIB,s,n -1 dB.
· Option 5: X=Y=9 dB
· Option 6: X and Y should incorporate MPRPA-PA 
· 
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 1: X=Y=3.5 dB

	Huawei, HiSilicon
	The middle value between option 1 and option 5, which includes PA-PA interaction impact.

	vivo
	Option 4, same reason as issue 3-2-2.

	Qualcomm
	Option 4 + option 6

We prefer to make X & Y equal to zero and introduce a MPRPA-PA term into the CA MPR equation. Whether the entire MPRPA-PA should be added to the spherical coverage relaxation or a portion of it (e.g half the max(MPRPA-PA) ) should be discussed
Perhaps RAN4 need to discuss an upper limit to per band relaxation that would allow inter-band UL CA to remain a net-benefit. Many of the options above will unduly reduce UL power.


	Sony
	Option 1. 

	MediaTek
	After study the comments and offline clarification, we find an additional open issue shall be clarified firstly, before we select which X&Y values.

Be more specific, while companies propose “X&Y values”, no matter do you agree with “total conductve power concept” or not, what’s the frmaework in your mind?

· Equivalent inter-band UL CA relaxation:
· Alt-1:“X&Y value + 3dB relaxation per band becuase of total power concept” 
· Alt-2: X&Y only (# X&Y values already include totoal power oncept)

There is no real difference in the end, however, why we propose the X&Y value, our framework is like Alt-2.

Back to our proposal (R4-2113031), while we consider both “total conductive output power” and also “) total UE power consumption”, we think the X&Y values shall be calculated by below formula:
· Max of ((Factor 1 plus Factor 2), (Factor 3))
· # (Factor 1) total conductive output power
· # (Factor 2) basic relaxation from single-band to inter-band CA operation
· # (Factor 3) total UE power consumption

Further apply the value, the calculation is as below:
Max of ((3 + [4]), 9) = 9 (dB)

	LG Electronics
	Option 2. We need to consider the difference of per-band MBR in single CC.

	Xiaomi
	it depends on how to treat the PA-PA interaction

	DOCOMO
	We prefer Option 4 and Option 6.

	Ericsson
	Option 1

	Samsung
	Before we discussing X and Y values, we’d better achieve consensus on total power in subtopic 3-3 and power control in subtopic 3-4.

	Nokia/NSB
	Option 6 and/or Option 4.



0. Sub-topic 3-3: Total power
Issue 3-3-1: Applicability of total power concept
· Proposals 
· Option 1: Yes it is and is defined as the sum of EIRP in peak direction of two band shall not exceed the 43 dBm
· Option 2: Applied to TRP
· Option 3: Applied to minimum peak EIRP
· Option 4: Applied to EIRP spherical coverage
· Option 5: Not needed, cannot be used for MPE and power consumption and thermal issues; can be handled with P-MPR
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 3. Applied to minimum peak EIRP, and in our understanding is sum of the peak EIRP. However, our understanding is that this is one of the facture to be considered when we define requirements but there is no need to specify the total power in RAN4.

	vivo
	Option 1. The consumption and thermal are hard to quantify as a part of the relaxation, instead, we prefer introduce the “the total power concept” to capture this restriction. Even through this concept is more suitable to be defined based on conduct power, for FR2, we can do some equivalent based on EIRP. Like the MOP of FR1, the max EIRP also take human exposure into consider. The FCC report “Report and order and further notice of proposed rulemaking” has the following description:
“The NPRM envisioned that the combined effect of those rules, with a maximum peak EIRP limit of 43 dBm, would ensure compliance with the exposure limits while allowing industry flexibility to develop higher-powered transmitters for situations where an appropriate separation distance is maintained.”
So we prefer the UE can share the max EIRP in peak direction to reflect the “total UE power concept”.

	Qualcomm
	Option 5
We think that total power concept is motivated by non-3GPP compliance related issues, like UE power and thermal issues, MPE, etc, and therefore not suitable for inter-band ULCA specification. 
We would also like to point out that previous inter-ULCA agreements pertain to IBM only (R4-2107854), so there is assumption that each band gets dedicated hardware resources in the UE, and therefore, independent UL power capability.

	Sony
	Option 5, but also open for further discussion for option 2.

	MediaTek
	Option 3.
We much focus on min Peak EIRP discussion here. We think FR2 shall leverage FR1 concept, i.e. a specific power class is actually the total power of all operating bands. While we leverage the concetp from FR1 to FR2 inter-band UL CA, we shall keep same total power between the two scenarios:
· Single-band operation
· Inter-band UL CA operation

Hence, extra 3dB relaxation is need to reflect the concept, becuase we know inter-band UL CA will turn on 2 bands simuteneously, and half power of each one is -3dB, to keep same total power of two bands.

	Xiaomi
	if need consider, it could select down between option1 and option2

	DOCOMO
	We agree with Qualcomm view.

	Ericsson
	Option 2 or Option 5. Limitations in terms of Pcmax could also be considered but more discussions needed.

	Samsung
	Max TRP is no doubt to be satisfied. But total power concept was proposed aiming to min peak EIRP requirement. Total power concept is not easy to be correlated to a specific test case, but the power consumption issue indicated by total power concept should be addressed in some manner. refer to proposal in issue 3-4-1.

	Nokia
	Total UE power concept is not adequate to FR2, we support Option 5. If it is defined, 43 dBm as maximum value of PC3 is acceptable.



0. Sub-topic 3-4: Other issues
Issue 3-4-1: Power control
· Proposals 
· Option 1: RAN4 needs to discuss power configuration assumption for FR2 inter-band UL CA and UE power consumption should be addressed in some manner.
· Option 2: others
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Verizon
	Option 1

	OPPO
	Option 1. For clarification, what’s the specific meaning of “power configuration assumption”?

	vivo
	Option 1. The detail needs further discussion.

	Qualcomm
	Option 1
We would like to point out that previous inter-ULCA agreements pertain to IBM only (R4-2107854), so there is assumption that each band gets dedicated hardware resources in the UE, and therefore, independent UL power capability.
We are ok to discuss, but UE power consumption and thermal issues are handled by P-MPR as pointed out in Nokia’s paper. It is up to the UE’s design, and not all form factors will have similar constraints. Another possibility is to discuss setting the requirement with low duty-cycle UE.

	Sony
	The Scell dropping issue for FR2 UL CA can be discussed. 

	Xiaomi
	Option 1

	Ericsson
	Option 2: we assume that the power control is still given by 38.213 but power limitations similar to the relative limits discussed for Scell dropping (e.g. R4-12816) could be considered.

	Samsung
	Option 1.
Answer to OPPO: power configuration assumption means the detailed power setting for each CC (or band) when defining MOP requirements of inter-band UL CA. One example is proposed in our contribution: 
Observation 3:	One possible solution in middle way may be to only require maximum output power transmission for tested band and a relative low output power can be configured for non-tested band.
Answer to Ericsson: issue name may be a little misleading. it is not about power control but power setting. e.g. non-simultaneous maximum output power setting for each CC.

	Nokia
	Further study is needed but independent power control per band can be an option for FR2 inter-band UL LCA.



CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	TDoc name
	Comments collection

	
	
	Company A

	
	
	Company B

	
	
	



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.
	Sub-topic
	Status summary 

	Issue 3-1-1: How to incorporate PA-PA interaction
	GTW Session
Agreement: Down-select to Option 1 and Option 2.
Candidate options:
· Option 1: Included in CA MPR
· Option 2: Included in relaxations X and Y
· Option 3: No need to include.
Recommendations for 2nd round:
Continue discussion under FR2 UL CA email discussion and WF.
Moderator note: Would be good to understand why FR1 approach is not ok i.e. Option 1.

	Issue 3-1-2: PA-PA interaction aspect
	Candidate options:
· Option 1: Only inter panel interaction is considered
· Option 2: Depends on activation status
· Option 3: Others (both or none, etc)
Recommendations for 2nd round:
Continue discussion under FR2 UL CA email discussion and WF.

	Issue 3-1-3: For FR2 ULCA modify the MPR equation to account for PA-PA interactions as follows: MPRinter_band = max(MPRWT, MPRnarrow, MPRPA-PA)
	Candidate options:
· Option 1: Agree
· Option 2: Not agree
Recommendations for 2nd round:
Continue discussion under FR2 UL CA email discussion and WF.

	Issue 3-1-4: If defined how to apply MPRpa-pa
	Candidate options:
· Option 1: per band
· Option 2: per band combination
Recommendations for 2nd round:
Continue discussion under FR2 UL CA email discussion and WF.

	Issue 3-2-1: min PeakEIRP
	Candidate options:
· Option 1: X=Y=3.5 dB
· Option 2: X=3.7 dB and Y=3.5 dB
· Option 3: 1UL ΔTIB,P,n = MBP,n  and 2UL ΔTIB,P,n = X2/Y2+MBP,
· Option 4: ΔTIB,P,n shall be ΔRIB,P,n -1 dB
· Option 5: X=Y=9 dB
· Option 6: X and Y is not needed but UL CA relaxation included in CA MPR 
Recommendations for 2nd round:
Continue discussion under FR2 UL CA email discussion and WF.

	Issue 3-2-2: Spherical coverage
	Candidate options:
· Option 1: X=Y=3.5 dB
· Option 2: X=3.7 dB and Y=3.5 dB
· Option 3: ΔTIB,S,n= X2/Y2+2.7 dB.
· Option 4: ΔTIB,S,n shall be ΔRIB,s,n -1 dB.
· Option 5: X=Y=9 dB
· Option 6: X and Y should incorporate MPRPA-PA 
Recommendations for 2nd round:
Continue discussion under FR2 UL CA email discussion and WF.

	Issue 3-3-1: Applicability of total power concept
	Candidate options:
· Option 1: Yes it is and is defined as the sum of EIRP in peak direction of two band shall not exceed the 43 dBm
· Option 2: Applied to TRP
· Option 3: Applied to minimum peak EIRP
· Option 4: Applied to EIRP spherical coverage
· Option 5: Not needed, cannot be used for MPE and power consumption and thermal issues; can be handled with P-MPR
Recommendations for 2nd round:
Continue discussion under FR2 UL CA email discussion and WF.

	Issue 3-4-1: Power control
	Candidate options:
· Option 1: RAN4 needs to discuss power configuration assumption for FR2 inter-band UL CA and UE power consumption should be addressed in some manner.
· Option 2: others
Recommendations for 2nd round:
Continue discussion under FR2 UL CA email discussion and WF.



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
	TDoc Name
	Source
	CRs/TPs Status update recommendation  
	Note

	R4-2114061
	On FR2 inter-band UL CA for different frequency group based on IBM
	Nokia, Nokia Shanghai Bell
	Return to
	There is a TP in the Annex.



Discussion on 2nd round (if applicable)
Email discussion moderated by Samsung and WF assigned. As per Chair guidance word should be used instead of power point in WF for better tracking of comments.
In this table companies can express views on this topic although intention is mainly to discuss over email commenting the WF.
	Company
	Comment

	MediaTek
	Thanks moderator. We will comment on corresponding WF directly.

	
	

	
	



WF discussion 
WF – PA-PA interaction
1. how to incorporate PA-PA interaction
a. GTW Agreement: Down-select to Option 1 and Option 2.
· Option 1: Included in CA MPR
· Option 2: Included in relaxations X and Y
· Option 3: No need to include.
b. further check if FR1 approach can apply to FR2, i.e. Option 1 (or why FR2 approach can not apply to FR2, i.e. Option 2)
2. FFS PA-PA interaction aspect
· Option 1: Only inter panel interaction is considered
· Option 2: Depends on activation status
· Option 3: Others (both or none, etc)
3. if MPRPA-PA is defined, FFS how to modify MPR equation and how to apply MPRPA-PA (per band or per band combination)

Following table is for temporally record only and will be moved to summary document:
	Company
	Comment

	LG Electronics
	At first, we need to check why FR1 inter-band CA MPR was defined without considering PA-PA interaction. Our preference is to keep same principle both FR1 and FR2. 
For now, preference is option 2.

	Qualcomm
	1 a. We prefer Option 1. Can proponents of X & Y describe how double counting PA back-off can be avoided. As mentioned in our first-round comments if you consider a case where 3 dB of back off is required for a UE to have emissions compliance in inter-ULCA mode and the UE already uses 5 dB backoff (MPR) because the UL is CP-OFDM QPSK.  Then in this case using the X & Y method the backoff is greater than what it needs for emissions compliance, i.e the UE does not need 5+3 dB of back off.  

2 Option 2: Most deployments are co-located which require intra-panel operation. In this case there will be significant PA to PA inter-action due to coupling between panels. Would the proponents on option1 explain how this interaction is account for? 
3 For MPRPA-PA there needs to be further discussion on how to apply MPRPA-PA. It would be good to get inputs from other companies on this aspect in the next meeting.

	OPPO
	WF is ok, do we need to continue express view? If it is, 1a is option 2.

	Huawei, HiSilicon
	Option 2.

	Samsung
	The problem of option 1 is that emission will be failed under MOP status unless there is no MOP requirement and test case for CA. Before this problem is resolved or clearly clarified in specification, we have no choice but option 2. About the double counting PA back off, there could be some handling methods to avoid double counting if we finally choose option 2.

	Nokia
	1a) Option 1 Included in CA MPR.
2) Option 2 and we should consider both inter and intra panel interaction

	vivo
	Before we figure out the issue in bullet “b”, we prefer keep both option for discussion.

	ZTE
	We have same question with LGE that why FR1 inter-band CA MPR was defined without considering PA-PA interaction.



WF – X and Y for CA_n257A_n259A
4. X and Y for min peak EIRP.
· Options
· Option 1: X=Y=3.5 dB
· Option 2: X=3.7 dB and Y=3.5 dB
· Option 3: 1UL ΔTIB,P,n = MBP,n  and 2UL ΔTIB,P,n = X2/Y2+MBP,n
· Option 4: ΔTIB,P,n shall be ΔRIB,P,n -1 dB
· Option 5: X=Y=9 dB
· Option 6: X and Y is not needed but UL CA relaxation included in CA MPR 
· Agreement
· Before deciding X and Y values, agreement on how to incorporate PA-PA interaction is needed. And further study on relaxation framework is encouraged.
5. X and Y for spherical coverage.
· Options
· Option 1: X=Y=3.5 dB
· Option 2: X=3.7 dB and Y=3.5 dB
· Option 3: ΔTIB,S,n= X2/Y2+2.7 dB.
· Option 4: ΔTIB,S,n shall be ΔRIB,s,n -1 dB.
· Option 5: X=Y=9 dB
· Option 6: X and Y should incorporate MPRPA-PA 
· Agreement
· Before deciding X and Y values, agreement on how to incorporate PA-PA interaction is needed. And further study on relaxation framework is encouraged.

Note: X is the relaxation value for n257 compared with its single cc requirement; Y is the relaxation value of n259 compared with its single cc requirement.



Following table is for temporally record only and will be moved to summary document:
	Company
	Comment

	LG Electronics
	For down-selection, X and Y is not big different for Option 1, 2 and 4.
X = 3(op4), 3.5(op1), 3.7(op2)
Y = 3(op4), 3.5(op1/2)
We suggest to consider X = 3.7, Y=3.5 based on maximum value for option 1/2/4 

	Qualcomm
	1. Postpone discussion until we get further clarity on MPRPA_PA
2. Postpone discussion until we get further clarity on MPRPA_PA

	OPPO
	WF is ok, do we need to continue express view? If it is option 1 for both.

	MediaTek
	As commented in 1st round email discussion, before RAN4 defines X&Y values, we shall clarify on what the relaxation framework. Be more specific, no matter companies agree with “total conductive power concept” or not, what’s the relaxation framework?
· Alt-1: total conductive power concept is discussed separately
· i.e. total relaxation for inter-band UL CA is “X&Y value + [total conductive power concept]” 
· If RAN4 agrees to introduce total conductive power in the end, and then, additional [3dB] relaxation per band is further added on X&Y.
· Alt-2: no matter introduce total conductive power concept or not, X&Y already include it
· i.e. total relaxation for inter-band UL CA is X&Y
Furthermore, we also support Qualcomm’s comment. Actually, we also need to clarify framework for MPRPA_PA firstly.

	Samsung
	We are fine to postpone discussion until PA-PA interaction issue is clear.

	Nokia
	Agree with Qualcomm that we first need to agree if PA-PA interaction is captured into MPR or not.

	vivo
	Currently, we should first clarify what factors are included in X/Y and based on the proposal of companies, it can be divided into following parts:
1) same affect factor as inter-band DL CA but preclude the PSD imbalance.
2) PA-PA interaction (depending on the discussion of previous page).
3) Total power concept
4)  Polarization loss
Even though the values of some options are similar, the reasons behind are quite different, and the down-selection may not meaningful.

	ZTE
	Agree with Qualcomm that postpone the discussion till the PA-PA interaction issue is clear.

	DOCOMO
	We are OK with updated WF.
>> Before deciding X and Y values, agreement on how to incorporate PA-PA interaction is needed. And further study on relaxation framework is encouraged.





· 

WF – Total power concept
4. applicability of total power concept
a. Options
· Option 1: Yes it is and is defined as the sum of EIRP in peak direction of two band shall not exceed the 43 dBm
· Option 2: Applied to TRP
· Option 3: Applied to minimum peak EIRP
· Option 4: Applied to EIRP spherical coverage
· Option 5: Not needed, cannot be used for MPE and power consumption and thermal issues; can be handled with P-MPR
b. Agreement
i. No new requirements than the per-band based requirement package of max EIRP, max TRP, min peak EIRP, EIRP spherical coverage.
ii. Further study the impact of total power concept to max EIRP, max TRP, min peak EIRP, EIRP spherical coverage, and how to address it.


Following table is for temporally record only and will be moved to summary document:
	Company
	Comment

	Qualcomm
	Option 5: we believe that the total power concept addresses non-3GPP issues such as power consumption, thermal consideration and MPE issues. We think that some of these are practical conformance and compliance issues which can be addressed by P-MPR and should not be considered in developing 3GPP specifications for ULCA. i.e. option 1 through option 4 do not have justification.
Also, We would also like to point out that previous inter-ULCA agreements pertain to IBM only (R4-2107854), so there is assumption that each band gets dedicated hardware resources in the UE, and therefore, independent UL power capability.

	OPPO
	Ok with WF.

	MediaTek
	We are positive on the WF, and just suggest modify “max EIRP” to “max Peak EIRP” to make it clearer.
(new comment in v10) Thanks Samsung, you are right, “max EIRP” is the term we used in FR2-1, although we know the meaning is  max Peak EIRP. I am fine with your judgment.

	Samsung
	OK with the WF.
Answer to MediaTek: thanks for comment. There is “max EIRP” and “min peak EIRP”, but no “max peak EIRP”, so I think the original term can be kept as it is.

	Nokia
	We support option 5 which is no Total power concept needed. First bullet is Agreement is acceptable but we do not think further investigations are needed how ever as a compromise we can further study in next meeting. So ok with WF.

	vivo
	OK with WF

	DOCOMO
	We are OK with WF. We support Option 5 for now, but further study may be needed.








WF – power configuration
1. RAN4 needs to further discuss the power configuration side condition for FR2 inter-band UL CA MOP. UE power consumption under MOP status should be addressed and further study how to address it.
· Option 1: maximum output power transmission is only required for tested band and a relative low output power can be configured for non-tested band
· other options are not precluded


Following table is for temporally record only and will be moved to summary document:
	Company
	Comment

	Qualcomm
	[bookmark: OLE_LINK50]We select “other options are not precluded”. In our view the MOP requirement would be based on the single CC min peak EIRP requirement (e.g. 22.4 dBm) relaxed by the ΔTIB,P,n and MPR.
We believe that option 1 does not present a worst-case emissions scenario.

	OPPO
	Ok with WF.

	MediaTek
	Ok with WF. While RAN4 has consensus on above two issues, it would be easier to finish this issue discussion.

	Huawei, HiSilicon
	We select “other options are not precluded”.

	Samsung
	Base on understanding till now, we are OK with the WF. Anyway the power configuration side condition for MOP is needed to align companies’ understanding on the same page. More options could be further discussed next meeting.

	Nokia
	Agree with Qualcomm.




Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	WF number
	WF Name
	Source
	T-doc Status update recommendation  

	R4-2114961
	WF on FR2 UL CA
	Samsung
	




Topic #4: Feasibility study for DL CA
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2112337
	Discussion on feasibility for inter-band DL CA
	LG Electronics
	Proposal 1: Not consider performance degradation of CBM based inter-band DL CA within different frequency group in RF session for a feasibility study.
Proposal 2: Further discuss whether the same relaxation of IBM-based ΔRIB,P,n and ΔRIB,S,n  can be reused or not if  CBM based same NR CA band combination is defined.

	R4-2112576
	Requirements and UE capability discussion on inter-band DL CA
	Samsung
	Observation 1:	CBM between different frequency groups is feasible.
Proposal 1:	Conclude inter-band DL CA feasibility study phase for both IBM and CBM.
Observation 2:	intra-band NC framework is not practical to be compatible with CBM between different frequency groups based on multi chain architecture.
Proposal 2:	for CBM requirements on REFSENS and EIS spherical coverage, adopt inter-band CA framework (∆RIB) as much as possible except PSD condition.
Proposal 3:	for CBM requirements on REFSENS and EIS spherical coverage, adopt normalized equal PSD (CC1 and CC2 achieve sensitivity status simultaneously).
Proposal 4:	add new enumerated value to beam management type in Rel-17 so that a UE can support both IBM and CBM, i.e., ENUMERATED {ibm, cbm, both}.

	R4-2112634
	RF requirements for CA_n260-n261 with CBM
	NTT DOCOMO, INC.
	Observation 1: CBM requirement framework for CA between different frequency groups should follow framework for IBM.

Observation 2: Performance deterioration may be expected for CBM compared to IBM. We need to determine the X and Y in the Table 2.2-5 and Table 2.2-6 as further relaxation. (Basically, it will be 0 or more, but there is a slight chance that it will be below 0.)

Table 2.2-5: ΔRIB,P,n REFSENS relaxation for CA_n260-n261 with CBM for PC3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5 + X1

	
	n261
	3.5 + Y1



Table 2.2-6: ΔRIB,S,n EIS spherical coverage requirement relaxation for CA_n260-n261 with CBM for PC3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5 + X2

	
	n261
	3.5 + Y2




Observation 3: If X > 0 or Y > 0, we should clarify the reason additional relaxation is accepted for supporting CBM (i.e. the benefits for vendors, operators or other companies. i.g. in terms of cost, performance, and so on).
Observation 4: If a certain band combination supported by UE is labelled with both CBM and IBM, it should be clarified whether the BS side can receive the UE capability and control the connection with UE.

	R4-2112875
	Applicability for CBM UEs for different frequency group
	Sony, Ericsson
	Observation 1: It is possible for CBM UEs offer similar performance as IBM UEs under the co-located scenario with different frequency group.
Observation 2: The CBM requirement for CA_n260-n261 can be aligned with IBM requirement but under different PSD condition. 
Proposal 1: The CBM UE capability is applicable for all band combinations and the UE needs to report the supported BM type(s) to the network explicitly. 

	R4-2112975
	Proposal on inter-band DL CA based on CBM between different frequency groups
	MediaTek Beijing Inc.
	Proposal1: Single-chain architecture is NOT feasible for inter-band DL CA based on CBM between different frequency groups based on state-of-the-art, and shall be excluded during corresponding discussion.
Observation: For inter-band DL CA between different frequency groups based on multi-chain architecture, CBM has worse performance than IBM performance.
Proposal2: Conclude the feasibility study, and no further discussion on inter-band DL CA based on CBM between different frequency groups. 

	R4-2113003
	Discussion on feasibility of CBM between different frequency group
	vivo
	Observation 1: The performance degradation of CBM for n260-n261 under single-chain architecture is unacceptable because the high loss from beam squint may cause the performance of inter-band CA is poor.  
Observation 2: The PSD imbalance for n260-n261 is about 7 dB and the performance of receiver will be degraded due to the shared front-end.
Observation 3: The multi-chain can avoid the performance degradation of beam squint but the correspondence between beam index of different module is needed.
Proposal 1: The CBM between different frequency group based on single-chain architecture is not feasible, otherwise it may suffer severe performance degradation.
Proposal 2: RAN4 conclude the CBM between different frequency group is feasible.
Proposal 3: The multi-chain can be chosen as reference architecture for the CBM between different frequency group during the requirement discussion.

	R4-2113098
	Rx requirements for inter-band DL CA with CBM between different frequency groups
	Xiaomi
	Proposal 1: CBM UE capability could be applicable for all CA configurations.
Proposal 2: Inter-band CA with CBM between different frequency groups could reuse the requirement framework of inter-band CA with IBM to define relaxation values of REFSENS and EIS spherical coverage.
Proposal 3: maximum input level, ACS, and in-band blocking requirement could reuse the requirements of single-CC.

	R4-2111903
	Requirement framework for Inter-band CA with CBM
	Qualcomm Incorporated
	Proposal 2: For CBM sensitivity requirements, adopt ‘simultaneous sensitivity’ for both bands under test at each AoA.
Proposal 3: 
	Requirement:
	Proposed unified requirements for CBM UEs

	REFSENS
	Based on IBM inter-band CA, min. PSD difference (*)

	EIS Spherical Coverage
	Based on IBM inter-band CA, min. PSD difference (*) 

	ACS/IBB
	Based on IBM inter-band CA

	Max. Input Power
	Based on intra-band DL CA, but diff. beam peak directions allowed (**)


(*) PSD difference between both bands is minimized for each AoA by simultaneously achieving sensitivity throughput condition (>= 95% max.) in both bands for that AoA.
(**) throughput criterion evaluated per band so each band can have a unique beam peak direction

	R4-2114487
	Inter-band DL CA with CBM
	Huawei, HiSilicon
	Observation 2: it is applicable for UE to implement inter-band CA with different frequency group in CBM.
Proposal 5: For each Band configuration requested by operators, both IBM and CBM requirements should be defined in TS 38.101-2.
[bookmark: OLE_LINK201]Proposal 6: For inter-band CA from different frequency group in CBM, the RF requirement framework can follow IBM requirement. Maximum Peak EIS requirement, spherical coverage EIS, relaxation requirements, and PSD difference should be defined. For relaxation requirements, it can be defined based on specific Band combination.
Proposal 7: Define relaxation requirements for CBM inter-band CA with different frequency group as in following table:
	Band configurations
	Relaxation requirements

	CA_n257-n259
	4dB

	CA_n258-n260
	3.5dB

	CA_n261-n260
	3.5dB






Open issues summary
Issue 4-1: Feasibility of CBM between different frequency groups
· Proposals 
· Option 1: CBM between different frequency groups is feasible and study phase can be completed
· Option 2: CBM between different frequency groups is not feasible
· Option 3: Keep study phase open.
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Verizon
	Option 1

	OPPO
	Option 1. Feasible and study phase can be completed.

	Huawei, HiSilicon
	Option 1.

	vivo
	Option 1. In our understanding, there are two approaches can achieve CBM: 
1st approach: The array weighting coefficient of CC1 is directly applied to CC2.
This method is not much different from single-chain and the performance will degraded obviously due to the beam squint.
2nd approach: The array weighting coefficient of CC1 and CC2 is independent, and the correspondence between each beam index is needed.
It may be achievable that each RF chain can choose the phase shift independently for the CC from different band, which can avoid the beam distortion. The key point of this method is there should be some certain correspondence between the beam index of two antenna module to ensure the CC2 can follow the CC1.

	Qualcomm
	Option 1

	Sony
	Option 1

	MediaTek
	Option 3.
We only have a general idea that “both multi-chain and single-chain are possible for CBM”. However, CBM includes “same frequency group” and “differet frequenecy groups”.
Hence, we still shall clearly clarify whether below understanding is the consensus for “CBM between different frequency groups”:
1) Single-chain architecture: NOT feasible based on state-of-the art
2) Multi-chain architecture:	CBM has worse performance than IBM from network performance view

	LG Electronics
	Option 1.

	Xiaomi
	Option 1

	DOCOMO
	Option 1 if the conclusion of Issue 4-4 is Yes.

	Ericsson
	Option 1. The RAN4 specification should not preclude UEs supporting inter-band CA between different frequency groups with CBM capability.


	Samsung
	Option 1

	Apple
	Option 2. CBM between different frequency groups is not feasible. There is a frequency separation of up to 17 GHz for inter-band CA cases L+H, which can translate into a significant performance degradation.

	Nokia
	Option 1



Issue 4-2: Reference architecture
· Proposals 
· Option 1: Both single chain and multi chain is assumed as reference architecture for CBM between frequency groups
· Option 2: Only multi chain is assumed as reference architecture for CBM between frequency groups
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Verizon
	Option 2

	OPPO
	Option 1.

	Huawei, HiSilicon
	We would like to go with option 2 at least in Rel-17. Option 1 is not precluded for future release.

	vivo
	Option 2. The degradation of “beam squint” between different frequency group is unacceptable. 

	Qualcomm
	Option 1
It is preferrable to not preclude an architecture by specification. We however agree that it is unlikely that a single chain RX can be made to perform acceptably well.

	Sony
	Option 1.  Moreover, we think the requirement of IBM UE can be used, but the test can be constrained to single AoA with equal PSD. It can help network to align the link budget for CBM and IBM UEs, and save effort on derive new requirement in this case.

	MediaTek
	Option 2.
About CBM between different frequency groups, in our understnaing, single-chain architecture is NOT feasible based on state-of-the art. Hence, it doesn’t make sense to discuss requirement based on single-chain; otherwise, we worry the reuqirement would be low.
Of course, we agree it’s just for requirement discussion stage, there shall NOT have any limitation on UE implementation, while the UE can pass the requriment.

	LG Electronics
	Option 1.
In last RAN4 meeting, it was agreed to define CBM requirements in such manner that both single chain and multi chain architectures are possible.

	Xiaomi
	Option 1

	DOCOMO
	Option 2. It seems difficult to use single chain as reference architecture for CBM between frequency groups, based on the views of some companies.

	Ericsson
	Referring to Issue 4-3, the requirement can be based on the IBM requirements with a more limited PSD different (Option 1 below) and we avoid discussions on particular UE reference architectures that may unnecessarily degrade performance.

	Samsung
	Option 2 is more reasonable but requirements should be agnostic

	Nokia
	Option 1



Issue 4-3: Requirement framework for CBM between frequency groups
· Proposals 
· Option 1: Interband CA (IBM) framework with limited PSD difference
· Option 2: Intraband CA framework
· Option 3: interband framework except for max input power which uses intraband framework as in R4-2111903
· Option 4: follow IBM requirement. Maximum Peak EIS requirement, spherical coverage EIS, relaxation requirements, and PSD difference should be defined. For relaxation requirements, it can be defined based on specific Band combination. R4-2114487
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Verizon
	Option 1

	OPPO
	Option 1.

	Huawei, HiSilicon
	We are proponent of Option 4. PSD difference requirement should be defined in advance of how to test with the PSD difference. 

	vivo
	Option 1, we prefer both same and different frequency group have a unified framework.

	Qualcomm
	We proposed option 3. We would be ok with option 1 if that can be agreed.
Not sure how option 4 differs from option 1.

	Sony
	Option 1. 

	MediaTek
	We prefer to define it later. After we have clear consensus on overall requirement framework and assumption, it would be easier to further discuss each test item can be “IBM-like” or “intra-band NC CA - like” or others.

	Xiaomi
	I think it’s better to keep align with the issue 2-3-1and issue 2-3-2 for CBM within same frequency group

	DOCOMO
	Option 1.

	Ericsson
	Option 1 and Option 4 (the latter appear to be the same as Option 1)

	Samsung
	Support Option 1. Option 3 is also acceptable.

	Apple
	We disagree that CBM can follow the same requirements as IBM. Even for the CBM multi-chain architecture, since the RS is on the PCell only, the SCell beam performance is degraded. In the case of the IBM the network configures the RS on both PCell and SCell, meaning that the beam selection is much more accurate compared to the CBM case

	Nokia
	Option 1



Issue 4-4: Whether CBM has benefit, compared to IBM, while UE is multi-chain architecture for different frequency group?
· Proposals 
· Option 1: Yes
· Option 2: No
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Verizon
	It seems CBM would have worse performance than IBM performance based on company’s inputs, and the range of degradation may need more inputs.  

	OPPO
	Option 2. If UE supporting multi-chain CBM most likely this UE can support IBM. We don’t see the benefits comparing to IBM.

	Huawei, HiSilicon
	Obviously Option 1.
[bookmark: OLE_LINK90][bookmark: OLE_LINK87][bookmark: OLE_LINK91][bookmark: OLE_LINK89][bookmark: OLE_LINK88]MRTD requirement for CBM is agreed as 3us, while IBM is with 8us. Considering this RRM requirement, CBM with different frequency group could be used for some deployments. 
The benefit on UE side is, UE could maintain one TCI state on the CC configured with BM RS, other CC is QCL-ed to that CC. it largely decrease the BB complexity, and power consumption on FR2. And the saving on BM measurement on the other CCs obviously increase the system performance.

	Qualcomm
	Option 1: Yes
Some companies have pointed out that the network becomes leaner if BMRS does not have to be provided in both bands. We have pointed out that from a UE perspective, having two parallel beam correspondence engines (one for each band) is a challenging task. Some implementations serving different market segments may elect to only support CBM.

	Sony
	Yes, as we commented in Issue 2-4-1. 

	MediaTek
	Similar comment in another band combination type.
Option 2.
As the company raised the question, we ‘d like to further clarify the question.
The question scope and assumption is “while the UEs use multi-chain architecture to support inter-band CA, is there any benefit for network to just provide CBM reference signal only rather than to provide complete IBM reference signal”.
In our analysis, based on same UE with multi-chain architecture, provide IBM reference signal will lead better network performance than just provide CBM reference signal. Please refer to our analysis in R4-2112975 and R4-2113026.
To Huawei, the CBM performacne degradation is noy just becasue of MRTD condition issue. Actually, while network doesn’t provide good enough BMRS reference signal to the two bands, respectively, network performance degradation is still observed. Please refer to our analysis in R4-2112975 and R4-2113026.

	LG Electronics
	Option 2. Even with multi-chain, performance degradation for CBM with different frequency group is expected for non-collocation deployment.

	Xiaomi
	Option1

	DOCOMO
	Thank you for many comments. CBM for CA between different frequency groups have worse performance than IBM performance based on many company’s views. However some companies show benefits and we could understand it. If it is true, their views can be respected about discussion on the feasibility of CBM UE with different frequency group because NW can decide whether to configure the CA operation or not, based on the deployment scenario and the channel condition.

	Samsung
	Option 1. similar as previous issue on CMB benefits

	Apple
	We don’t see the benefit of using multi-chain CBM compared to multi-chain IBM. We think that for different frequency group IBM should apply.

	Nokia
	Option 1



Issue 4-5: If the answer to Issue 4-4 is NO, shall RAN4 still define requirement after considering “CBM, UE multi-chain architecture, different frequency group”
· Proposals 
· Option 1: Yes
· Option 2: No
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 2, no.

	Huawei, HiSilicon
	MRTD requirement for CBM is agreed as 3us, while IBM is with 8us. Considering this RRM requirement, CBM with different frequency group could be used for some deployments. 
The benefit on UE side is, UE could maintain one TCI state on the CC configured with BM RS, other CC is QCL-ed to that CC. it largely decrease the BB complexity, and power consumption on FR2. And the saving on BM measurement on the other CCs obviously increase the system performance.
So, should be allowed with CBM in multi-chain.

	vivo
	Slightly prefer option 1, multi-chain CBM and IBM have similar complexity and power consumption, but the CBM can save the beam training overhead significantly.

	MediaTek
	Similar comment in another band combination type.
Option 2 No.
If we agree “UEs use multi-chain architecture based on CBM” will have performance degradation compared to “UEs use multi-chain architecture based on IBM”, we think network shall always provide IBM reference signal to the UEs with multi-chain architecture, and we may no need to consider this type during requirement discussion.

	LG Electronics
	We need to follow the agreement in last RAN4 meeting
-Define CBM requirements in such manner that both single chain and multi chain architectures are possible’

	DOCOMO
	Option 2 if the conclusion of Issue 4-4 is No.

	Apple
	RAN4 should not define CBM for different frequency groups



CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	TDoc name
	Comments collection

	
	
	Company A

	
	
	Company B

	
	
	

	
	
	Company A

	
	
	Company B

	
	
	

	
	
	

	
	
	

	
	
	



Summary for 1st round 
Open issues 
Topics under feasibility study are handled under email discussion on WF on FR2 DL CA based on CBM
	Sub-topic
	Status summary 

	Issue 4-1: Feasibility of CBM between different frequency groups
	GTW session
Agreement: CBM between different frequency groups is feasible and study phase can be completed at least for architecture with multiple RF chain.
Recommendations for 2nd round:
None

	Issue 4-2: Reference architecture
	Candidate options:
· Option 1: Both single chain and multi chain is assumed as reference architecture for CBM between frequency groups
· Option 2: Only multi chain is assumed as reference architecture for CBM between frequency groups
Recommendations for 2nd round:
Continue discussion under FR2 DL CA based on CBM email discussion and WF.
Moderator note: RAN4 has agreed to define requirements such way that both single and multi-chain are possible, hence Option 2 seems to be contradicting that.

	Issue 4-3: Requirement framework for CBM between frequency groups
	Candidate options:
· Option 1: Interband CA (IBM) framework with limited PSD difference
· Option 2: Intraband CA framework
· Option 3: interband framework except for max input power which uses intraband framework as in R4-2111903
· Option 4: follow IBM requirement. Maximum Peak EIS requirement, spherical coverage EIS, relaxation requirements, and PSD difference should be defined. For relaxation requirements, it can be defined based on specific Band combination. R4-2114487
Recommendations for 2nd round:
Continue discussion under FR2 DL CA based on CBM email discussion and WF.

	Issue 4-4: Whether CBM has benefit, compared to IBM, while UE is multi-chain architecture for different frequency group?
Issue 4-5: If the answer to Issue 4-4 is NO, shall RAN4 still define requirement after considering “CBM, UE multi-chain architecture, different frequency group”
	Recommendations for 2nd round:
Continue discussion on 2nd round.
Views on proposal from MTK presented in Table below can be commented on section 2.4.
	Inter-band DL CA
	UE architecture
	different frequency groups (ex: 28+39)
	same frequency group (ex: 28+28)

	CBM
	single-chain
	NOT feasible based on state-of-the-art
	Feasible w/ frequency separation limitation

	
	multi-chain
	Feasible but worse performance than IBM
	Feasible but worse performance than IBM


Not needed
Moderator note: Proponent can of course make proposal again in next meeting but looking the company comments and the CBM progress in this meeting moderato wonders if this discussion is valuable to be repeated in next meeting again.



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)
See paragraph 2.4.
Topic #5: DC-location
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2111772
	DC location reporting method and exception handling
	Nokia, Nokia Shanghai Bell
	Proposal 1: For FR1, the default UL DC location is a center of a lower edge of the lowest active bandwidth part (BWP) and a higher edge of the highest active BWP among all active component carriers (CC).
Proposal 2: Signalling concept; the details are discussed in RAN2
· NW considers UL DC location is at the default location as defined in the Proposal 1.
· If the UE has different UL DC location from the above default, the UE reports the actual UL DC location as offset from the default location.
Proposal 3: Companies are encouraged to share their views on carrier leakage/I/Q image exception with consideration of in-band emission applicable region difference between FR1 and FR2.

	R4-2113007
	Discussion on DC location for intra-band UL CA
	vivo
	[bookmark: OLE_LINK102][bookmark: OLE_LINK101]Observation 1: Reporting outermost CCs/BWPs or default DC location have to filter out which CCs/BWPs have no impact on DC location from all BWP permutations, which is difficult to choose due to the flexible UE implementation. 
Observation 2: The dynamic signaling can ensure all DC location information is included, but the overhead and the impact on other WGs is still unknow.
Proposal: The combining reporting scheme (Scheme 1 + Scheme 2) can be considered for DC location reporting.

	R4-2113899
	R17 DC reporting
	OPPO
	Proposal 1:         It is proposed to adopt default DC location + DC offset as the DC reporting solution.
Proposal 2:         It is proposed to adopt [30 KHz] as the DC offset step and only allow the offset be within [+/-10 MHz] range comparing to the default DC location.
Proposal 3:         It is proposed to define multiple default DC locations to accommodate different implementations, including middle of outmost {Configured CC, Configured BWP, Activated CC, Activated BWP}

	R4-2114548
	DC location offset framework
	Qualcomm Incorporated
	Proposal 1: Default DC location is defined in six ways as follows: DC is in the middle of configured, activated CC or activated BWP bandwidth and depends on UL or DL bandwidth for each case. 
Proposal 2: Which default DC location UE uses is declared as capability.
Proposal 3: Offset from the default DC location is signalled compared to the declared default. 
Proposal 4: Whenever configured or activated bandwidth of the UL or DL changes, the DC location can change. 



Open issues summary
Issue 5-1: Signalling framework 
· Proposals 
· Option 1: Offset from the default DC location is signalled compared to the declared default
· Option 2: Combined signalling framework (static reporting for typical scenario + dynamic reporting for corner case)
· Option 3: Any other alternatives 
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 2. Actually it is aligned with Option 1 somehow.

	Huawei, HiSilicon
	Dynamic solution is not recommended. It will has big RAN1 and/or RAN2 spec impact. So we do not support option 2.
For Option 1, we would like to hear views from companies that comments with “DC location could be in any position caused by implementation complexity”, with following questions:
1. Does this offset need dynamic reporting?
[bookmark: OLE_LINK104][bookmark: OLE_LINK103]2. For example, if UE indicates the default as: DC is in the middle of configured CC, then with semi-static reporting(e.g. RRC) on offset, the UE is always has a offset to the middle frequency of configured CCs. What is the reason UE implements with such mechanism? Assuming DC is offset to the center, consider the filter is symmetrical, the filter would exceed the CC boundary, which will introduce leakage to other CC. it is not reasonable implementation.
3. with another example, if UE indicates the default as: DC is in the middle of configured CC, then with dynamic reporting(e.g. MAC,DCI) on offset, we would like to know the trigger event that UE needs the dynamic reporting? In periodicity? Or by UE request with PUCCH? We can see much complexity and premature on this reporting solution, and lack of explanation on implementation problem.
Currently, we don’t understand how UE go with option 1. So cannot support now.

	vivo
	Option 2. 
Basically, option 1 based solution which report default DC location + offset or reporting based on outermost CC are trying to select “typical” scenario to reduce redundancy. However, this would still results in missing DC information and difficult to cover “untypical” cases. Option 2 is trying to overcome this problem.
In another word, neither “pure” static reporting (e.g., default DC location + offset, based on outermost CC) nor “pure” dynamic reporting (e.g., based on activated BWP, NW request) are satisfactory. For static reporting, the more information which “typical” scenario contains, the more cases can be covered, but the redundancy also increases. For “pure” dynamic reporting, no cases would be uncovered, which would do reporting on all cases, the overhead is likely to be unacceptable.
So we propose this combined signalling framework, to combine the merits of different methods. As an example, a possible reporting process is shown below:
1. UE report the DC location based on the outermost CC (or default DC + offset) when complete the cell access. 
2. When DC location required by NW is not exist in the previous reported information, NW can request UE report exact DC location.
The signalling details can be hand over to RAN2. 

	Qualcomm
	Option 2 ? 
We prefer dynamic reporting of offset to address the complexity of possible scenarios, and are ok with static reporting of default, if it is flexible enough (addressed in moderator’s discussion below)


	Apple
	Option 2.

	Nokia
	Option 1



Issue 5-2: Default DC location 
· Proposals
· Note: Please share views including pros and con between single and multiple DC default(s). 
· Option 1: Single default DC location, i.e., The default UL DC location is a center of a lower edge of the lowest active bandwidth part (BWP) and a higher edge of the highest active BWP among all active component carriers (CC). 
· Note that the proponent’s intention(R4-2111772) was common default location across frequency range so that “For FR1” is removed from their original proposal.
· Option 2: Multiple default DC locations: DC is in the middle of outermost configured, activated CC or activated BWP bandwidth and depends on UL or DL bandwidth for each case.
· Option 3: Any other alternatives 
· Recommended WF
· TBA
Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 2. The benefit of reporting multiple default DC location is to give more flexibility of UE implementation, and also reduce the offset complexity with less bits to cover more DC ranges.

	Huawei, HiSilicon
	Part of Option 2, but the wording “in the middle” needs specific definition.
In the middle RE? or in the middle frequency? That is totally different position.
We recommend to define “the middle” as the definition for channel raster in current TS 38.101-1.

	vivo
	Option 3.
If we can agree with the combined signalling framework, is it still necessary to design a complicated method like default DC + offset as a static reporting?  
In our understanding, the simpler outermost CC/BWP based method is enough. And for the rest of the cases that cannot be covered by static reporting, dynamic UE reporting of exact DC location, which requested by network, can do fill the blank.

	Qualcomm
	5-2: Option 2
UEs need the flexibility offered by this option if the signalling is static. This also reduces the live mode signalling since gNB and TE would know where the DC is based on capabilities. This covers most implementations. 


	Apple
	Option 2.

	Nokia
	Option 1



Issue 5-3: Offset granularity
· Proposals 
· Option 1: The number of subcarriers from the default as positive or negative value. The SCS of the subcarriers is the same as that of the carrier where the default DC location is. 
· Option 2: [30 KHz] as the DC offset step and only allow the offset be within [+/-10 MHz] range comparing to the default DC location as positive or negative value.
· Option 3: Any other alternatives 
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 2. Range values and step can be further discussed but the concept is ok. And this is not contradicting with Option 1 which is SCS step based.

	Huawei, HiSilicon
	We cannot agree on the offset solution before questions in issue 5-1 is resolved.

	vivo
	Option 3, same as the comment in issue 5-2, we need to reconsider whether it is necessary to introduce the default DC + offset reporting method, if we can agree with the combined signalling framework.

	Qualcomm
	5-3: Option 1
This way the offset is indexed as subcarriers

	Apple
	Issue 5-3: If default DC location is not easy to define, using absolute location may be simpler. The resolution is sub-carrier.

	Nokia
	Option 3
We’d like to better understand the reason why the SCS of the carrier where default DC location stands is proposed while the lowest SCS is used to indicate DC location outside carriers.



Issue 5-4: Treatment of a case where DC lands outside carriers
· Proposals 
· Option 1: UE indicates its position based on the number of the lowest SCS of the cell from the default. 
· Option 2: Any other alternatives 
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Option 1 is ok.

	Huawei, HiSilicon
	Option 2, 3300 or 3301 is reported.

	vivo
	Option 2, same as the comment in issue 5-2, we need to reconsider whether it is necessary to introduce the default DC + offset reporting method, if we can agree with the combined signalling framework.

	Qualcomm
	Option 1. Same signalling method is applied, the DC merely lands outside carrier as allowed in TS 38.101-1. 


	Apple
	Option 2: Unless network would have any treatment for the DC outside of carriers, or signalling similar to 3300 and 3301 can be used.

	Nokia
	Option 2
The same comment as 5-4. We’d like to better understand the reason why the SCS of the carrier where default DC location stands is proposed while the lowest SCS is used to indicate DC location outside carriers.



Issue 5-5: Treatment of a case that DC stays even after affecting factors’ condition such as activated BW changes
· Proposals 
· Option 1: UE can declare configuration-based default 
· Option 2: Signalling method needs to allow communicating new offset for every activation or then based on every permutation of the BWP’s
· Option 3: Not to allow this freedom to the UE while the option 1 is still allowed.
· Option 4: Any other alternatives 
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	Not clear of the question, is it “DC changes even after affecting factors’ condition such as activated BW changes”?
Option 2 might be better in this case.

	Huawei, HiSilicon
	Option 4. We don’t need to discuss additional signalling for this case. It is all up to UE implementation.

	vivo
	Option 4, the combined signalling framework can cover these corner case by dynamic reporting.

	Qualcomm
	Option 2
As we noted before, dynamic signalling of offset can absorb these variants.

	Apple
	Option 2.

	Nokia
	Option 4:
It would be great if UE and chipset vendors could share the information on what will happen if we select Option 3. For instance, UE implementation becomes MPR and/or A-MPR to be used as large as possible since DC location cannot be optimized?



Issue 5-6: Carrier leakage exception handling
· Proposals: Companies are encouraged to share handling of carrier leakage exception in terms of following aspects
1. Keep different handling between FR1 and FR2 as it is if so any reasons? 
2. Is it OK for 3GPP to allow relaxation for SEM and/or general spurious emission requirements? 
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	OPPO
	For clarification, what’s the reason behind that FR1 and FR2 has different carrier leakage handling and requirements?

	Huawei, HiSilicon
	In our understanding LO leakage land outside UL CCs and fall into the spurious region, the SEM/SE requirement is allowed with exception, that LO leakage requirement applies for FR2.

	ZZZ
	

	Qualcomm
	In our view, there can be some differences in how core requirement treats FR1 and FR2. FR1 has the complexity of DL-only bands, where the UE may be subject to tighter emissions requirements and carrier leakage exception is allowed outside configured spectrum. Our preference would be to remove these exceptions since they violate regulatory requirements thus devaluing 3GPP specifications but as discussed and proposed in R4-2108799 but this proposal was not accepted. It is therefore in better to plan the signalling framework to accommodate both 

	Apple
	Any relaxation or except still needs to fulfil regulatory requirements.


CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	TDoc name
	Comments collection

	
	
	Company A

	
	
	Company B

	
	
	

	
	
	Company A

	
	
	Company B

	
	
	

	
	
	

	
	
	

	
	
	



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.
	Sub-topic
	Status summary 

	Issue 5-1: Signalling framework 
	GTW session
Discussion point: for signalling framework
· Agree signalling framework with default DC location(s) and offset
· FFS for adding dynamic reporting for corner case
· FFS on the detailed reporting for offset and dynamic reporting
Recommendations for 2nd round:
Continue discussion under DC-location email discussion and WF.

	Issue 5-2: Default DC location 
	Candidate options:
· Option 1: Single default DC location, i.e., The default UL DC location is a center of a lower edge of the lowest active bandwidth part (BWP) and a higher edge of the highest active BWP among all active component carriers (CC). 
· Note that the proponent’s intention(R4-2111772) was common default location across frequency range so that “For FR1” is removed from their original proposal.
· Option 2: Multiple default DC locations: DC is in the middle of outermost configured, activated CC or activated BWP bandwidth and depends on UL or DL bandwidth for each case.
· Option 3: Any other alternatives 
Recommendations for 2nd round:
Continue discussion under DC-location email discussion and WF.

	Issue 5-3: Offset granularity
	Candidate options:
· Option 1: The number of subcarriers from the default as positive or negative value. The SCS of the subcarriers is the same as that of the carrier where the default DC location is. 
· Option 2: [30 KHz] as the DC offset step and only allow the offset be within [+/-10 MHz] range comparing to the default DC location as positive or negative value.
· Option 3: Any other alternatives 
Recommendations for 2nd round:
Continue discussion under DC-location email discussion and WF.

	Issue 5-4: Treatment of a case where DC lands outside carriers
	Candidate options:
· Option 1: UE indicates its position based on the number of the lowest SCS of the cell from the default. 
· Option 2: Any other alternatives 
Recommendations for 2nd round:
Continue discussion under DC-location email discussion and WF.

	Issue 5-5: Treatment of a case that DC stays even after affecting factors’ condition such as activated BW changes
	Candidate options:
· Option 1: UE can declare configuration-based default 
· Option 2: Signalling method needs to allow communicating new offset for every activation or then based on every permutation of the BWP’s
· Option 3: Not to allow this freedom to the UE while the option 1 is still allowed.
· Option 4: Any other alternatives 
Recommendations for 2nd round:
Continue discussion under DC-location email discussion and WF.

	Issue 5-6: Carrier leakage exception handling
	Candidate options:
· Keep different handling between FR1 and FR2 as it is if so any reasons? 
· Is it OK for 3GPP to allow relaxation for SEM and/or general spurious emission requirements? 
Recommendations for 2nd round:
Continue discussion under DC-location email discussion and WF.



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)
Email discussion moderated by OPPO and WF assigned. As per Chair guidance word should be used instead of power point in WF for better tracking of comments.
In this table companies can express views on this topic although intention is mainly to discuss over email commenting the WF.
	Company
	Comment

	
	

	
	

	
	



Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	WF number
	WF Name
	Source
	T-doc Status update recommendation  

	R4-2114962
	WF on DC-location
	OPPO
	



Topic #6: FR2 CA Bandwidth class
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2112648
	FR2 bandwidth class in Rel-17
	Verizon, MediaTek
	Proposal 1: RAN4 needs to define a new framework which allows for CA bandwidth class configuration which can belong to a different fallback group.
 
Proposal 2: In the same operating band, the CA component carriers configured from different fallback groups should be designed to operate intra-band contiguous for transmission and reception by the same UE.
 
Proposal 3: New notation(s) is required to support CA component carriers configured from different fallback for intra-band contiguous CA.

Proposal 4: The hybrid class aggregation configuration will be applied only once a forward CA bandwidth class configuration reaches a larger class than the maximum of the current CA bandwidth class. And, the interleave carrier configurations should be eliminated. 

	R4-2112729
	New CA BW class denotation for FR2
	ZTE Corporation
	Observation 1:	 There are already many CA configurations with more than 8 CCs defined in the current spec. The number of carriers in CA BW class is not the key factor that restricts the implementation capability.
Proposal 1:	 Whether to define a CA BW class with 9-16 CCs for FR2 FBG3 should be mainly based on the requirements of operator’s network deployment.
Proposal 2:	 It is proposed that the Option 1c (Capital + special character) to be used as the notation for the new CA BW classes for FR2 FBG3.
(1) Use the remaining single capital letters of “V” ~ “Z” for CA BW classes with 9 ~ 13 CCs.
(2) An extension of “Capital letter + special character” is reserved for CA BW classes with 14 ~ 16 CCs. For example, if we use apostrophe ’ as the special character, then B’, C’, D’… can be the extension to the original 26 capital letters.

Table 3: Notation for FR2 FBG3 CA bandwidth classes
	CA BW Class
	Aggregated Channel BW
	Number of CC
	Fallback Group

	V
	800 MHz < BWChannel_CA ≤ 900 MHz
	9
	3

	W
	900 MHz < BWChannel_CA ≤ 1000 MHz
	10
	

	X
	1000 MHz < BWChannel_CA ≤ 1100 MHz
	11
	

	Y
	1100 MHz < BWChannel_CA ≤ 1200 MHz
	12
	

	Z
	1200 MHz < BWChannel_CA ≤ 1300 MHz
	13
	

	B’
	1300 MHz < BWChannel_CA ≤ 1400 MHz
	14
	

	C’
	1400 MHz < BWChannel_CA ≤ 1500 MHz
	15
	

	D’
	1500 MHz < BWChannel_CA ≤ 1600 MHz
	16
	


Proposal 3:	 It is suggested to capture the above rules for new CA BW class introduction in TR 38.862 for band combination handling (SID: FS_NR_ENDC_combo_rules).

	R4-2112786
	Release independence spect of new FR2 CA BW class.
	Nokia, Nokia Shanghai Bell
	Proposal: Newly defined FR2 CA BW classes  R, S, T, U are release independent from REL-15. This applies for both DL and UL.


	R4-2113099
	Discussion on FR2 new CA BW class denotation and definition
	Xiaomi
	Proposal 1: The new aggregated BWs from 800MHz up to 1600MHz should be introduced into FBG3 (100 MHz) if no implementation issue.
Proposal 2: Introduce new CA BW as below notation in FBG 3 (100MHz):
Table 2-1 new CA bandwidth classes for FBG 3 (100MHz)
	CA BW Class
	Aggregated Channel BW
	Number of CC
	Fallback Group

	W
	800 MHz < BWChannel_CA ≤ 900 MHz
	9
	3

	X
	900 MHz < BWChannel_CA ≤ 1000 MHz
	10
	

	Y
	1000 MHz < BWChannel_CA ≤ 1100 MHz
	11
	

	Z
	1100 MHz < BWChannel_CA ≤ 1200 MHz
	12
	

	Za
	1200 MHz < BWChannel_CA ≤ 1300 MHz
	13
	

	Zb
	1300 MHz < BWChannel_CA ≤ 1400 MHz
	14
	

	Zc
	1400 MHz < BWChannel_CA ≤ 1500 MHz
	15
	

	Zd
	1500 MHz < BWChannel_CA ≤ 1600 MHz
	16
	






Open issues summary
Issue 6-1: How to do the FGB3 extension from 800 MHz to 1600 MHz.
· Proposals 
· Option 1: Create 8 new FBG3 CA BW Classes
· Option 2: Allow to mix FBG3 and FBG2 (R4-2112648) and create new FBG3+2
· Option 3: Other
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Verizon
	Option 2!
 
We support this option as it not only enable the backward compatibility, but also support forward with 200MHz bandwidth class. In addition, this option could lower down the growth of numbers of carriers in wider band CA and simplify the FR2 device RF architecture gradually.


	Huawei, HiSilicon
	We do not support option 1, this is because 16 CC number is required to work simultaneously. It would require for large hardware and software resource, and chipset consumption and size is double compared with 8CC number. This is not a reasonable option.
For option 2, thanks for new solution on forwarding bandwidth class FBG3. We have 2 questions on this solution:
· For the proposed Bandwidth class MA, i.e 8*100+1*200, if one 100MHz CC is removed by RRC, what is the fallback bandwidth class?
· The new introduced BW classes capability seems need to start from Rel-17, then how this solution resolve the compatibility issue? The Rel-16 UE still can not use the new BW classes.


	Qualcom
	We prefer option 2 since it addresses the needed deployment flexibility. 
Fallback behavior: We believe each constituent BW class should follow its own fallback rules, and the resulting configurations also need to remain contiguous. In your example, the natural fallback is 8x100.
We are open to solving the compatibility problem by allowing UEs of all releases to declare support for this new category of contiguous BW classes. Older networks may not recognize the new signaling and will not be able to use the new configuration. UEs that do not support this new category will remain compatible with old as well as new networks.

	ZTE
	We prefer option 1 since it has better compatibility with existing specs and no signalling changes are needed. Although option 1 may cause complicated scheduling and increase the consumption of software and hardware resource, as a matter of fact, up to 15CC cases are already available in the current spec. As a matter of fact, for option 2 the maximum number of carriers also reaches 12CCs. So to our understanding, the number of carriers in CA BW class is not the key factor that restricts the implementation capability. The better compatibility to the existing mechanism of fallback group should be considered. Regarding to the issue of 8*100+1*200, does it mean the removal of one single 100MHz CC is impossible? The least case is to remove one 200MHz CC? The flexibility of scheduling will be affected.

	MediaTek
	We support Option2, as a co-sourcing company. Option2 is an efficient CC framework after considering demand, backward compatibility, and UE complexity etc.

	Xiaomi
	we don’t object to add new channel combination request, maybe it is a new way to instead to extend FBG3 to 16 CCs, but this way has some fallback issues, as Huawei’s comments on MA, i.e 8*100+1*200, if one 100MHz CC is removed by RRC, what is the fallback bandwidth class? 
for MD, i.e., 9*100+200, if 200MHz CC is removed by RRC, what is the fallback bandwidth class?  
And another question, whether RAN4 allow other new requests which are for CA bandwidth class to mix other FBGs, like FBG3 and FBG1, FBG2 and FBG1, and so on? If allowed, there are tens of class will be added, the table will become larger and larger. If not, why? 
I think how to add these kind of bandwidth combinations need further study.

	DOCOMO
	We prefer Option 1. However, if we do not exclude the possibility of extension like option 1 in the future, option 2 is OK for now.

	Samsung
	We support Option 2. it is a good design of hybrid CA BW class. It shows better flexibility in deployment to be compatible with UEs with different BW capabilities. On the other hand it support less CC number compared with Option 1.
But we’d better to be careful on how to define the new fallback group denotation. “3-2” is easily to be misunderstood as a sub-FBG of FBG3. We propose to use “3+2” as the denotation of new FBG, implying FBG2 is added to FBG3.

	Apple
	Option 2
It is more efficient to support up to 1.6GHz aggregated BW and compatible with existing networks and UEs in the field. It also helps pave a way to transition into a more advanced network configuration.

	Nokia
	We are open to Option 2. Maybe some kind of tentative agreement in this meeting could be feasible to give companies time to investigate implications for coming meeting and if no issues are found final agreement in November could be done.



Issue 6-2: Release independence of the new FBG2 classes
· Proposals 
· Option 1: Newly defined FR2 CA BW classes  R, S, T, U are release independent from REL-15. This applies for both DL and UL.
· Option 2: Other
· Recommended WF
· TBA

Companies views’ collection for 1st round:
	Company
	Comments

	Verizon
	Option 1

	Huawei, HiSilicon
	Same question in issue 6-1.

	Qualcomm
	Option 1.

	ZTE
	Compatibility issue should be considered.

	Samsung
	Option 1 but would like some clarification for UL
In principle new CA BW class is applicable for DL and UL, but >800MHz BW class is not supported for contiguous UL CA.

	Apple
	Option 1.

	Nokia
	Option 1. To Huawei, sorry but what do you mean same question as 6-1? 6-1 is a new concept but 6-2 is not new concept, it is about adding new classes within exiting FBG.



CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	TDoc name
	
	Comments collection

	R4-2112730
	CR to TS 38.101-2 on extension to CA BW class for FBG3
	ZTE Corporation
	[bookmark: OLE_LINK96][bookmark: OLE_LINK98][bookmark: OLE_LINK97]Huawei, HiSilicon: we need to have agreement on above issues before decision on CR.

	
	
	
	Qualcomm: this would not allow mix of 100 and 200 MHz

	
	
	
	ZTE: Need to have further agreements on the above issues.

	
	
	
	Ericsson: return to
Apple: It depends on the outcome of Issue 6-1.

	R4-2112787
	draftCR Release independence aspects of new FR2 CA BW classes R15 CATB
	Nokia, Nokia Shanghai Bell
	Huawei, HiSilicon: we need to have agreement on above issues before decision on CR.

	
	
	
	 ZTE: Need to have further agreements on the above issues.

	
	
	
	

	R4-2112788
	draftCR Release independence aspects of new FR2 CA BW classes R16 CATA
	Nokia, Nokia Shanghai Bell
	

	
	
	
	

	
	
	
	

	R4-2112789
	draftCR Release independence aspects of new FR2 CA BW classes R17 CATA
	Nokia, Nokia Shanghai Bell
	

	
	
	
	

	
	
	
	

	R4-2113100
	CR for TS 38.101-2 to introduction of FR2 new CA BW classes
	Xiaomi
	Huawei, HiSilicon: we need to have agreement on above issues before decision on CR.

	
	
	
	Qualcomm: this would not allow mix of 100 and 200 MHz

	
	
	
	ZTE: Need to have further agreements on the above issues.
Apple: It depends on the outcome of Issue 6-1.



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.
	Sub-topic
	Status summary 

	Issue 6-1: How to do the FGB3 extension from 800 MHz to 1600 MHz.
	Candidate options:
· Option 1: Create 8 new FBG3 CA BW Classes
· Option 2: Allow to mix FBG3 and FBG2 (R4-2112648) and create new FBG3+2
· Option 3: Other
Recommendations for 2nd round:
Discuss if Option 2 is agreeable as it is a majority view.
Continue discussion under new FR2 CA BW Class email discussion and WF.

	Issue 6-2: Release independence of the new FBG2 classes
	Candidate options:
· Option 1: Newly defined FR2 CA BW classes  R, S, T, U are release independent from REL-15. This applies for both DL and UL.
· Option 2: Other
Recommendations for 2nd round:
Discuss if Option 1 is agreeable as it is a majority view.
Continue discussion under new FR2 CA BW Class email discussion and WF.



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
	Tdoc name
	Source
	CRs/TPs Status update recommendation  

	R4-2112730
	CR to TS 38.101-2 on extension to CA BW class for FBG3
	ZTE Corporation
	Return to

	R4-2112787
	draftCR Release independence aspects of new FR2 CA BW classes R15 CATB
	Nokia, Nokia Shanghai Bell
	Return to

	R4-2112788
	draftCR Release independence aspects of new FR2 CA BW classes R16 CATA
	Nokia, Nokia Shanghai Bell
	Return to

	R4-2112789
	draftCR Release independence aspects of new FR2 CA BW classes R17 CATA
	Nokia, Nokia Shanghai Bell
	Return to

	R4-2113100
	CR for TS 38.101-2 to introduction of FR2 new CA BW classes
	Xiaomi
	Return to



Discussion on 2nd round (if applicable)
Email discussion moderated by NokiaOPPO and WF assigned. As per Chair guidance word should be used instead of power point in WF for better tracking of comments.
In this table companies can express views on this topic although intention is mainly to discuss over email commenting the WF.
	Company
	Comment

	MediaTek
	Thanks moderator. We will comment on corresponding WF directly.

	
	

	
	



WF discussion 
WF – How to do the FGB3 extension from 800 MHz to 1600 MHz.
	Sub-topic
	Status summary 

	Issue 6-1: How to do the FGB3 extension from 800 MHz to 1600 MHz.
	Candidate options:
· Option 1: Create 8 new FBG3 CA BW Classes
· Option 2: Allow to mix FBG3 and FBG2 (R4-2112648) and create new FBG3+2
· Option 3: Other
Recommendations for 2nd round:
Discuss if Option 2 is agreeable as it is a majority view.
Continue discussion under new FR2 CA BW Class email discussion and WF.



Huawei has a question during 1st round
We have 3 questions (Q#) and one proposal (P#) 
Huawei (and Xiaomi) Q1: For the proposed Bandwidth class MA, i.e 8*100+1*200, if one 100MHz CC is removed by RRC, what is the fallback bandwidth class?
Qualcomm A1: Fallback behavior: We believe each constituent BW class should follow its own fallback rules, and the resulting configurations also need to remain contiguous. In your example, the natural fallback is 8x100.
Huawei Q2: The new introduced BW classes capability seems need to start from Rel-17, then how this solution resolve the compatibility issue? The Rel-16 UE still can not use the new BW classes
Qualcomm A2: We are open to solving the compatibility problem by allowing UEs of all releases to declare support for this new category of contiguous BW classes. Older networks may not recognize the new signaling and will not be able to use the new configuration. UEs that do not support this new category will remain compatible with old as well as new networks.
Moderator: Are Qualcomm’s answers ok for Huawei and Xiaomi
Xiaomi Q3: whether RAN4 allow other new requests which are for CA bandwidth class to mix other FBGs, like FBG3 and FBG1, FBG2 and FBG1, and so on? If allowed, there are tens of class will be added, the table will become larger and larger. If not, why?
Samsung P1: the new fallback group denotation. “3-2” is easily to be misunderstood as a sub-FBG of FBG3. We propose to use “3+2” as the denotation of new FBG, implying FBG2 is added to FBG3.
Companies are encouraged to provide further views and answers to Questions above.
Following table is for temporally record only and will be moved to summary document:
	Company
	Comment

	Nokia
	To us Qualcomm A1 answer makes sense. Qualcomm A2 is doable if RAN2 agrees new signalling to be release independent from REL15.
[bookmark: OLE_LINK3]To Xiaomi Q3, it is a valid point that is there a flood of new band combo requests from other operators if we do this. This also makes us wonder that if RAN4 agrees to introduce FBG 3+2 does it mean that RAN4 will not define ever 16x100 MHz (+FBs). Because if in the end we define FBG 3+2 AND 16x100MHz then RAN4 will have truly hands full of new combos. This needs to answer before we can make a decision.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]To Samsung P1. Makes sense to use “3+2” as we are actually adding CCs not substracting…

	Verizon
	The Qualcomm A2 is correct. The introduced BW classes will be full compatibility to the existing configuration, in which the older networks would not recognize the new signaling and UEs that do not support this new category will remain compatible with old as well as new networks. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK5]For Xiaomi Q3, we don’t believe the proposal for hybrid INTRA-band CA BW Classes would be the last proposal from operator. Indeed, this should be depending on the availability of operators’ FR2 spectrums. For larger than 800MHz spectrum, the target of our propose is to ensure both backward and forward compatibility from the different CA BW classes through the configurations, even if the carrier bandwidth is going to be enlarged furthers in future. This does not means RAN4 should terminate the existing options for others. 
For Samsung P1, As a new class, it is clear that we are adding CCs, instead of subtracting!

	Xiaomi
	Agree Verizon’s view that RAN4 should not terminate the existing options for others, in future, maybe there are a flood of new band comb requests to mix FBGs from operators, it will make the FR2 CA bandwidth classes very long and complex.
Actually the new classes is just to combine the classes from different FBGs which have existed in current Spec, I have a suggestion as a reference, perhaps we could use the similar method as intra-band NC CA, and just introduce intra-band contiguous CA between different FBGs band by band, i.e., CA_n257MA. Since if we define the MD class in Table 5.3A.4-1 for CA bandwidth classes, we also need define the detail CA cases, i.e., CA_n257MA, in section 5.5A.1(Configurations for intra-band contiguous CA). Why don’t we introduce detail band combs of intra-band contiguous CA between different FBGs in section 5.5A.1 directly, i.e., CA_n257MA, and just generally specify the meaning of MA. I’m not sure whether this method has the signalling issue, your comments are welcome.


	Samsung
	To Qualcomm A1&A2: we think they are reasonable.
To Xiaomi: the new proposal in above latest comment is useful but we still think it important to also show FBG “3+2” with all allowed hybrid CA BW classes in the CA BW class table. It will be helpful to better understand fall back rules with this table.
For Samsung P1: thanks Nokia and Verizon for comments and we share the same view. So “3+2” is more appropriate as FBG denotation.

	Qualcomm
	To Xiaomi, we agree with your understanding. Whether we should go with MA, or M+A can be discussed. We however think that regardless of notation, RAN2 will have to be notified, so they can decide on new signalling if needed. On your method to construct any combination from existing BW classes like we do in NC CA – it is an interesting idea that we will think about more.

	Apple
	[bookmark: OLE_LINK31]Thanks Samsung for the good suggestion on the naming of the mixed fallback group using “3+2”. 
Xiaomi’s idea looks to be feasible. The fallback rule can be defined as that all the combinations from the lower order CA BW classes of each FBG group can be the fallback CA BW classes, but FBG2 should only be limited to CA BW class F as the highest order. How to present such combination for CA BW classes can be further discussed. 
It is also fine to just define 4 new CA BW classes as MA, MD, ME, and MF in FBG 3+2.      

	MediaTek
	1) We are fine for Samsung’s suggestion on the new FBG naming “3+2”.
2) We share similar view on Xiaomi’s comment on “if we define the MD class in Table 5.3A.4-1 for CA bandwidth classes, we also need define the detail CA cases, i.e., CA_n257MA, in section 5.5A.1(Configurations for intra-band contiguous CA)”. It makes the demand and rule clearer.
3) About Huawei (and Xiaomi) Q1: If one 100MHz CC of MA is removed, it is actually become general FBG2 behaviour (i.e. only 100MHz*7 CC). In original proposal (R4-2112648), there is actually a note in table. 「NOTE 2: … While the maximum CA bandwidth class of a “Fallback group” reached, a UE is able to forward to higher order CA bandwidth class configuration that belong to a different fallback group....”」. Hence, while a 100MHz CC is removed of MA, MA is not applicable anymore.
4) In principle, we prefer to define new “NR CA bandwidth class” based on operator’s demand rather than logic only, because it could be a sign about demand for ecosystem.


	Huawei, HiSilicon
	To QC A1, our question is: for Bandwidth class MA, i.e 8*100+1*200, if one 100MHz CC is removed by RRC, the left CCs are 7*100+1*200, there is no fallback class and corresponding requirement. If fallback only allowed for 8*100MHz, there will be scheduling limitation by introducing the new BW classes.


	ZTE
	As we commented in the first round, although option 2 can reduce the maximum number of CCs, the CC number is only 4CCs less than option 1 while a new mechanism of mix fallback mode and complexity shall be introduced. However we support the requirements from the operators, if other companies believe the mix fallback mode is the appropriate way to solve the issue of FR2 extension to 1600MHz in current stage, we are also ok to option 2. With regard to option 2, we agree with HW’s comment that if only 8*100MHz is allowed for the fallback of 8*100+1*200, it means the removal of single 100MHz CC is impossible, thus the scheduling limitation exists. For the notation of mix fallback group “3-2” or “3+2”, does it mean this newly introduced FBG implicitly related to the original FBG2? If no such indication, why not use “3+special character”, such as “3$” or something like that? Another issue is as MTK comments in 3), the description for the mix FBG should be optimized.

	DOCOMO
	For Samsung P1: We agree with this proposal. It can make it clear that the approach by Option 1 is not be excluded if it is required in the future. (i.e. approach by Option 1 is open as a natural extension of FBG3.)

	Samsung
	Answer to ZTE’s question (For the notation of mix fallback group “3-2” or “3+2”, does it mean this newly introduced FBG implicitly related to the original FBG2?):
· For the notation of mix fallback group “3-2” or “3+2”, the “2” here indeed mean original FBG2. With such indication, “3+2” seems more meaningful.

	Ericsson
	We can accept Option 2 with the understanding that  there should be some flexibility in assigning the carriers while making sure that fallbacks remain contiguous as discussed in the proposal. We recommend that the matter is considered for another meeting cycle before agreeing any CRs.






WF –Release independence of the new FBG2 classes
	Issue 6-2: Release independence of the new FBG2 classes
	Candidate options:
· Option 1: Newly defined FR2 CA BW classes  R, S, T, U are release independent from REL-15. This applies for both DL and UL.
· Option 2: Other
Recommendations for 2nd round:
Discuss if Option 1 is agreeable as it is a majority view.
Continue discussion under new FR2 CA BW Class email discussion and WF.




Huawei Q1: Same question in issue 6-1.

ZTE: Q1: Compatibility issue should be considered.
Samsung Q1: Option 1 but would like some clarification for UL. In principle new CA BW class is applicable for DL and UL, but >800MHz BW class is not supported for contiguous UL CA.
Companies are encouraged to provide further views and answers to Questions above.
Following table is for temporally record only and will be moved to summary document:
	Company
	Comment

	Nokia
	To Huawei Q1, as we commented in 1st round we do not think that same answer as in 6-1 is valid.
To ZTE Q1, can you clairy what you mean with compatibility
To Samsung Q1: You are right that there are no UL CA configurations >800MHz BW are in specs yet as those have not been requested. From requirement pov MPR requirement seems to go up to 2400 MHz and SEM seems to be ok also hence core requirement are there (well maybe we missed something). But bottom line is in our view that RAN4 can make a decision on release independence aspect also for UL although no operator request yes exists.

	Verizon
	For Samsung Q1: We agree with Nokia comment above although there is no UL CA configurations >800MHz BW is required.

	Samsung
	Thanks Nokia and Verizon for clarification. We support Option 1 (as we did in 1st round).

	MediaTek
	What’s the difference between define release independent from Rel-15 or not? For example, a Rel-15 UE still can claim it support Rel-17 R, S, T, U (1600MHz), in our understanding.

	Huawei, HiSilicon
	In our understanding, Rel-15 ASN.1 is already frozen. So we are not sure whether option 1 can be applied. 
Additionally, new BW classes as 1600MHz should be start from Rel-17 as agreed in the WID. 

	ZTE
	To Nokia, what we mean the compatibility in the previous comment is that if the newly introduced BW class is suitable or realistic for legacy UE before Rel-17?

	Nokia
	To Mediatek: If we decide that these new classes are not release independent from REL15 then REL15 UE cannot support them.
To Huawei: In our understanding this does not require ASN.1 change.
To ZTE: Ok now I understand your point. In our view it is reasonable that REL15 UEs are allowed to support these CA BW Classes.
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