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Introduction
This email discussion thread is related to NR PC2 CA basket WI, and will focus on the topic of following aspects:
· Topic #1: draft TR and draft big CR
· Topic#2: UE RF requirements 
· Sub-topic 2-1: UE RF requirements for proposed CA
· Sub-topic 2-2: MSD improvement
· Sub-topic 2-3: Power class
Note that the tables for collecting comments for sub-topic issues are arranged just below each issue.
Topic #1: draft TR and big CR
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations/Abstracts

	R4-2106277
	China Telecom
	Abstract: This draft TR provides the draft TR v0.3.0, which was reserved for email approval and aims to reflect the TP approved in this meeting.

	R4-2106278
	China Telecom
	Draft CR to Introduce the completed combos to 38101-1



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 1-1: draft TR and draft big CR
This sub-topic will discuss rapporteur input for draft TR and draft big CR. 
Issue 1-1-1: draft TR 
· Recommended WF
· It is recommended for email approval for the draft TR of R4-2106277
	Company
	Comments on Issue 1-1-1: draft TR

	ZTE
	We think there is no need to add a new table for OOB blocking for PC2 band combination, since the current table can be applied to both PC2 and PC3 for the same band combination.

	China Telecom
	We have no strong view on OOB blocking table. However, it may need another TP to remove the existing table for OOB blocking agenda in the draft TR.



Issue 1-1-2: draft big CR 
· Recommended WF
· It is recommended to approve the draft big CR of R4-2106278 and the combos completed in this meeting could be captured into formal big CR in May RAN4 meeting
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Company
	Comments on Issue 1-1-2: draft big CR

	
	



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

	Sub-topic#1
	Tentative agreements: No concern on the draft big CR, the draft big CR R4-2106278 is recommended as endorsed
Candidate options:
Recommendations for 2nd round:  The topic #1 is closed




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

	R4-2106277
	for email approval

	R4-2106278
	endorsed

	
	

	
	



Discussion on 2nd round (if applicable)
The topic #1 is closed
Topic #2: UE RF requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations/Abstracts

	R4-2104973
	LG Electronics France
	Proposal 1: For cross-band isolation issue of PC2 NR inter band CA UE, the proposed MSD values in Table 5 shall be considered in TS38.101-1.
Proposal 2: For IMD problem by dual uplink transmission of PC2 NR inter band CA UE, the proposed MSD values in Table 9 shall be considered in TS38.101-1.

	R4-2106279
	China Telecom
	TP to 38.841: RF requirements for PC2 CA_n3A-n78A with up to 2 uplink

	R4-2106561
	OPPO
	Observation 1: 30dB is a big improvement in UE design which is quite challenging to be implemented and is unknown of the UE status on the market.
Observation 2:  Deploy a band combination only for a small amount of UEs may not wise considering the huge operation costs in the real NW.
Proposal 1:  It is encouraging proponents to share the statistical measurement data of UEs on the market to understand better on the value of this discussion before moving forward.

	R4-2106904
	Apple
	Remove power class 2 requirement for UL CA_n1A-n78A in Table 6.2A.1.3-1.

	R4-2107315
	Huawei, HiSilicon
	Proposal: It is proposed to consider the UE power class issue for PC2 CA band combination similar to that for PowerClassNRPart for EN-DC.

	R4-2107333
	T-Mobile USA
	TP for TR_38.841 PC2 CA_n25A-n41A

	R4-2107334
	T-Mobile USA
	TP for TR_38.841 PC2 CA_n41A-n66A

	R4-2107335
	T-Mobile USA
	TP for TR_38.841 PC2 CA_n41A-n71A



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 RF requirements for proposed CA
This sub-topic will discuss UE RF requirements for proposed combinations.
Issue 2-1-1: MSD analysis for PC2 NR inter-band CA
· Proposals (R4-2104973)
· Proposal 1: For cross-band isolation issue of PC2 NR inter band CA UE, the proposed MSD values in Table 5 shall be considered in TS38.101-1.
Table 5 MSD due to cross band isolation for PC2 for CA band combinations
	
	NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	70 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n41
	n25
	2.3
	2.3
	2.3
	2.3
	
	
	
	
	
	
	
	
	

	n41
	n66
	5.3
	5.3
	5.3
	5.3
	
	
	
	
	
	
	
	
	

	n78
	n40
	6.5
	6.5
	6.5
	6.5
	
	
	
	
	
	
	
	
	

	n77
	n41
	6.5
	6.5
	6.5
	6.5
	
	
	
	
	
	
	
	
	

	n41
	n77
	
	10.5
	10.5
	10.5
	9.5
	8.6
	8.3
	7.2
	6.3
	6.0
	5.7
	5.6
	[5.6]



· Proposal 2: For IMD problem by dual uplink transmission of PC2 NR inter band CA UE, the proposed MSD values in Table 9 shall be considered in TS38.101-1.
· Table 9: Proposed MSD test configuration and results by IMD problems for PC2 NR inter-band CA UE
	CA bands
	UL band
	IMD
	UL Fc 
(MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc 
(MHz)
	DL BW (MHz)
	MSD 
(dB)

	CA_n41A-n71A
	n41
	IMD4
|3*fn71 -fn41|
	2614
	5
	25
	2614
	5
	N/A18.2

	
	n71
	
	665
	5
	25
	619
	5
	N/A18.2

	CA_n71A-n77A
	n71
	IMD5
|4*fn71 -fn77|
	681.5
	5
	25
	635.5
	5
	12.2

	
	n77
	
	3361.5
	10
	50
	3582.5
	10
	N/A


· Recommended WF
· [bookmark: OLE_LINK1]Collect views on these  two proposals
	Company
	Comments on Issue 2-1-1: MSD analysis for PC2 NR inter-band CA

	Qualcomm
	Based on 3GPP PC3 requirement only, and without consideration of MSD improvement for PC2, we expect the following MSD values at the minimum DL BW:
Shouldn’t IMD4 desense n71 (FDD) and not n41 (TDD) since later has no 2 uplinks on at same time?
For n3A_n78A, we need to account for PC2 harmonic mixing.
[image: ]


	ZTE
	Seems some values are missing for some CBW for some bands. For example, only MSD values for 5/10/15/20MHz are defined for band n41, however, some other CBW such as 30/40/50...MHz are supported in band n41.

	LGE
	The cross band isolation result will be consider to derive MSD requirements for each CA band combinations. The average manner can be reused to derive MSD requirements from interested companies’ MSD results.
For the CA_n41A-n71A, sorry for error in Table 9. The MSD 18.2 dB is for reception in n71 by dual UL_CA_n41A-n71A. So, need to consider the revised Table 9 for both CA_n41-n71 and CA_n71A-n77A.

	
	

	
	

	
	

	
	

	
	

	
	



Issue 2-1-2: TPs for approval 
· Proposed TPs 
· R4-2106279, R4-2107333, R4-2107334, R4-2107335
· Recommended WF
· Collect the comments for proposed TPs. If no comments for certain of TP’s, the TP’s will be recommended as approved.
	CR/TP number
	Comments collection

	R4-2106279
	Qualcomm: Missing Harmonic Mixing MSD. Expect 5.7dB MSD for PC3 to 8.1dB MSD for PC2 

	
	 China Telecom: The IMD MSD in this TP is reused from ENDC. We will and encourage companies to provide harmonic mixing MSD in next meeting. With above clarification, can we approve this TP?

	
	LGE: need to inform the MSD requirements are based on PC2 DC_3A_n78A UE.

	R4-2107333
	Qualcomm: We expect 1.4dB MSD for PC2 from 0.6dB MSD for PC3

	
	LGE: need to merge MSD results from LGE (2.3dB), QC(1.4dB) and TM-US(1.1dB). And MSD will be derived as average manner. The expected MSD level is 1.6dB for PC2.

	
	

	R4-2107334
	Qualcomm: We expect 6.2dB MSD for PC2 from 4.5dB MSD for PC3.

	
	T-Mobile USA: Above Qualcomm said they expect 5.5 dB MSD from 3.5 dB MSD for PC3. 6.2 dB MSD from 4.5 dB MSD is for CA_n40A_n78A. 

	
	LGE: need to merge MSD results from LGE (5.3dB), QC(6.2dB) and TM-US(5.4dB). And MSD will be derived as average manner. The expected MSD level is 5.6dB for PC2.

	R4-2107335
	Qualcomm: We expect 17dB MSD (IMD4) for PC2 given 11dB for PC3.

	
	LGE: need to merge MSD results from LGE (18.2dB), QC(17.0dB) and TM-US(13.8dB). And MSD will be derived as average manner. The expected MSD level is 16.3dB for PC2.

	
	



Issue 2-1-3: Draft CR for CA_n1A-n78A
· Proposal (R4-2106904): Remove power class 2 requirement for UL CA_n1A-n78A in Table 6.2A.1.3-1. 
· Because power class 2 for CA_n1A-n78A requirements have not yet been defined but already captured in Rel-17 TS 38.101-1 Table 6.2A.1.3-1.
· Recommended WF
· Keep CA_n1A-n78A as it is. Because the requirements have been defined in Table 7.3A.5-1a
	Company
	Comments on Issue 2-1-3: Draft CR for CA_n1A-n78A

	ZTE
	It seems PC2 n1-n78 was completed and introduced in Rel-16.

	China Telecom
	We share the same view as ZTE that PC2 n1-n78 has been completed.

	CHTTL
	To ZTE, maybe it’s Rel.17?

	
	

	
	

	
	



Sub-topic 2-2: MSD improvement
Issue 2-2-1: MSD improvement 
· Proposals (R4-2106561) 
· Proposal 1: It is encouraging proponents to share the statistical measurement data of UEs on the market to understand better on the value of this discussion before moving forward.
· Recommended WF
· Collect views on the proposal(s)
	Company
	Comments on Issue 2-2-1: MSD improvement

	Qualcomm
	We agree with the observation that 30 dB improvement is a lot to ask, not all UE’s will be able to see this much improvement for all combinations.  However, even much smaller improvements (5 dB? 10 dB?, 15 dB?) may be valuable.  Our general view is that the MSD’s specified are not usable in deployment and that devices are often capable of delivering much better performance.  We are trying to narrow the gap between reality and 3GPP specifications.  We would appreciate if OPPO (and any other vendor) could help by sharing data on actual commercial device performance and would be happy to work offline to anonymize the data.

	ZTE
	Agree.  30dBm MSD is too large and we believe there are rooms to improve them. But not sure how much the MSD is meaningful in reality? 10dB, 15dB?

	T-Mobile USA
	We support the effort to improve MSD. We’d appreciate more date from vendors. 

	LGE
	As same approach in LTE/NR CA will be used to derive MSD for PC2. It means that vendor can provide their assumptions for PCB isolation and apply average manner to derive MSD.

	OPPO
	Agree. The real capability of UE should be clear before move forward on this topic.

	Huawei
	It is no surprise to see some UEs in the market perform better than the 3GPP minimum requirements. Typically high-end UEs are expected to perform better than low-end ones. As commented above, for combos that have up to 30 dB MSD in the current spec (e.g. due to IMD2), it’s very challenging to improve the MSD by 10 or 20 dB. Maybe only a small portion of UEs can achieve, which is not sufficient for an operator to deploy a network using those carrier frequency combinations. The economy of scale would be lost. The problem may be better solved by alternative frequency planning.

	CHTTL
	We support T-Mobile USA’s comment. Also it’s not ok for operator to deploy a network with very large MSD.

	Apple
	Our understanding is that there should be only one set of MSD requirements for each power class. Even if we could agree on improving the values, any improvement would have to affect this single set. This means that all UEs have to meet those requirements. The performance of a UE depends on many aspects. Form factor and integration plays a huge role as well as the individual component quality and performance e.g. duplexer. It is still unclear what we will do with the measurements, especially if the combined set of contributions provide all kinds of results due to the large variety of different implementation choices. Would a tightening mean that certain implementation choices are excluded if most of the contributions have better performance compared to a view performing worse.



Sub-topic 2-3: Power class
Issue 2-3-1: Power class 
· Proposals (R4-2107315)
· Proposal: It is proposed to consider the UE power class issue for PC2 CA band combination similar to that for PowerClassNRPart for EN-DC.
· Recommended WF
· Collect views on the proposal(s)
	Company
	Comments on Issue 2-3-1: Power class

	Qualcomm
	We don’t see the need for this.  For inter-band CA, the power class is signaled by the UE and the requirements are defined in the specifiation.  If the UE is not able to meet these requirements, it should not signal the power class.  Otherwise, configuring the UE to CA would imply that the UE can only support PC3 in one or both carriers which means a loss of coverage even if the allocation is only on the PCC.

	ZTE
	Share the same view as QC.




	T-Mobile USA
	Share the view with Qualcomm and ZTE. We don’t think this is needed. 

	OPPO
	Not quite understand the reason of introducing this power class for CA, since in the ENDC UE needs to be tested with the NR band separately according to the NR power class, however, for CA the two bands are tested according to the total power class. Therefore, it seems this is not needed.

	Huawei
	Here’re some clarification on the problem the paper is trying to address. For example, in per-band capability report, a UE may report PC3 on band X and PC2 on band Y. The UE may only be equipped with 2TX (i.e. 23+23), since PC2 on band Y could be implemented by TxD.
For CA_X_Y, the UE could also report PC2 for CA power class, since 23 dBm on band X + 23 dBm on band Y is 26 dBm in total. Note that the max power capability on band Y downgrades to PC3 from PC2 when CA is configured. If the network continue to assume PC2 on band Y, it would misinterpret PHR during per-cell power control.
In summary, depending on UE implementation, the power class of a component band in a CA could be different from the power class of that band w/o CA. The network may not be aware of this change. Hence a solution is proposed to address the problem.

	
	



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

	Sub-topic 2-1: UE RF requirements for proposed CA
	Recommendations for 2nd round:  Focus on the four revised TPs, they are R4-2106279, R4-2107333, R4-2107334, R4-2107335. The corresponding revised number will be allocated in chairman’s report.

	Sub-topic 2-2: MSD improvement
	Tentative agreements: No consensus on this sub-topic, it seems we have repeated the same situation for companies’ standpoints with last meeting. 
Recommendations for 2nd round:  Continue discussion in 2nd round.

	Sub-topic 2-3: Power class
	Recommendations for 2nd round:  Continue discussion in 2nd round.



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	
	
	



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

	R4-2106279
	revised

	R4-2107333
	revised

	R4-2107334
	revised

	R4-2107335
	revised

	
	



Discussion on 2nd round (if applicable)
Sub-topic 2-1: UE RF requirements for proposed CA
Focus on the four revised TPs
	CR/TP number
	Comments collection

	Rev of R4-2106279
	China Telecom: To answer comments from LGE”LGE: need to inform the MSD requirements are based on PC2 DC_3A_n78A UE.”  The R4-2106279 has clarified that the MSD requirements are reused from PC2 DC_3A_n78A as shown in agenda 5.x.3. So no need to revise this TP R4-2106279.

	
	Qualcomm: There is a need to revise the TP. There clearly exists harmonic mixing MSD for power class 3. The TX power has increased in band n78 and will affect the DL for band 3. This is the (23dBm_B3 + 26dBm_n78) Case B for PC2, where we have n78 as the aggressor and B3 as the victim. There is 5.7dB MSD for B3 victim at the minimum DL BW, and for PC2, we expect the MSD requirement to increase to 8.1dB as stated in the round 1 comments.

	
	LGE: Yes, I understand. But need to capture the harmonic mixing  MSD requirements by QC request.

	
	China Telecom: Thanks Qualcomm and LGE for further explanation. The revision is in 
Rev R4-2106279 TP to 38.841 RF requirements for PC2 CA_n3A-n78A with up to 2 uplink.doc
Thank Qualcomm for providing the expected value; we will consider that when preparing contribution in next meeting.

	Rev of R4-2107333
	LGE : agreeable

	
	T-Mobile USA: Revison can be found here: https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_98bis_e/Inbox/Drafts/%5B98bis-e%5D%5B108%5D%20NR_PC2_CA_R17_2BDL_2BUL/Revisions/Rev_R4-2107333_TP_TR_38.841_v0.2.0_PC2_CA_n25A-n41A.docx

	
	ZTE: agreeable

	Rev of R4-2107334
	

	
	T-Mobile USA: with the correction to the Qualcomm MSD values, the MSD from the average of the proposals from LGE (5.3dB), Qualcomm(5.5dB) and T-Mobile USA (5.4dB)  is 5.4 dB for PC2. Since 5.4 dB was the value proposed in R4-2107334 we think that a revision is not needed, and that R4-2107334 is agreeable. 

	
	ZTE: agreeable

	Rev of R4-2107335
	LGE : agreeable

	
	T-Mobile USA: Revison can be found here: https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_98bis_e/Inbox/Drafts/%5B98bis-e%5D%5B108%5D%20NR_PC2_CA_R17_2BDL_2BUL/Revisions/Rev_R4-2107335_TP_TR_38.841_v0.2.0_PC2_CA_n41A-n71A.docx

	
	ZTE: agreeable



Sub-topic 2-2: MSD improvement
Continue discussion on Issue 2-2-1: MSD improvement
	Company
	Comments on Issue 2-2-1: MSD improvement

	LGE
	RAN4 do not discuss the PCB isolation improvement. It is up to Vender specific parameters.

	Huawei
	We share the same view as LGE. As repeatedly said, MSD improvement is a false claim. It cannot solve the problem that the proponents are trying to address.

	Xiaomi
	PCB isolation improvement for one band combination may lead to PCB isolation deterioration for other band combination. Therefore for this MSD improvement, it should be required stronger evidence before moving forward.  

	Qualcomm
	Would LGE, Huawei, Xiaomi, and other OEM’s be willing to share data on the actual performance of their commercial devices?  Qualcomm would be willing to collect the data and anonymize it before publishing.  Additionally, would operators be willing to share if they have defined supplemental requirements above and beyond 3GPP because they find the 3GPP specification to be unacceptable?  Could this be a way forward?

	ZTE
	For MSD improvement, comparing with the original parameters assumptions, more aggressive parameters are needed, not only for PCB isolation, but also for some other parameters such as IP2/3/4/5 for each RF proponent,

	
	

	
	

	
	



Sub-topic 2-3: Power class
Continue discussion on Issue 2-3-1: Power class
	Company
	Comments on Issue 2-3-1: Power class

	LGE
	For 23+23 dBm PC2 CA UE, RAN4 can allow PC3 Tx power per band. The detail can be further discuss in next RAN4 meeting.

	OPPO
	We are open to further discuss, but still not quite understand the issue here, the NR power class is reported for EN-DC due to clear indication of which power class based requirement need to be applied. This is not the case of CA. The PHR difference explanation is understood and what will happen if NW take UE as PC2 instead of PC3 of one NR branch in CA?

	Huawei
	Indeed, PC2 CA allows 23+23 dBm architecture. In the meantime, the UE could also claim PC2 on both band X and band Y by employing TxD. As a result, the network could receive the following power class report: band X: PC2, band Y: PC2, CA_X_Y: PC2. The network may mistakenly assume that the UE uses 26+26 dBm config for CA. But actually this type of implementation can only support 23+23 for CA. 
This would affect power control as well as duty cycle solution for SAR compliance. As pointed out in the other thread, the parameter PNR_x, PNR_y in the proposed duty cycle formula relies on per-band report at the moment. We encourage companies to further investigate this power class related problem. 
[LGE] To HW : the Tx diversity from rel-16, the UE need to send TxD capability signaling according to RF architecture. So it also distinguished in NW side. Anyway it can further discuss how can impact to the RF requirements perspective in next RAN4 meeting.

	Xiaomi
	Need more time to further study and this issue is also related the topic under discussion on SAR soulution. If the approach only one total duty cycle capability is adopted, BS may need to know the power configuration of each band in CA case to select the right parameter for the formula. 

	Qualcomm
	If this is the case, then when the network configures the UE for CA, then the uplink power on the CC automatically drop from 26 dBm to 23 dBm?  That seems like it will hurt coverage and be a bad idea.  It is probably best if this type of UE does not declare itself as PC2 capable for CA if it can’t meet the requirement.

	Huawei
	The power configure of 23+23 dBm is one of four configures permitted by PC2 WIs. So I’m really puzzled by Qualcomm’s comments above. Can Qualcomm please clarify which requirement you think that the UE under discussion can’t meet? The CA power class requirement or single-carrier power class requirement?

	ZTE
	Share same view with Xiaomi.

	Nokia
	It depends on how RAN4 imposes a discipline on our specification. If we introduce a similar discipline like UL MIMO, we don’t need a new capability proposed by Huawei.




Summary for 2nd round 

	
	Status summary 

	Sub-topic 2-1: UE RF requirements for proposed CA
	Recommendations for conclusion:  According to discussion, the 4 revised or turn to TPs have covered the concerns and are recommended as approved.
The revised TP are: 
R4-2106279  -> R4-2105343
R4-2107333  -> R4-2105344
R4-2107335 ->  R4-2105346
There is another TP R4-2107334, although the revised number R4-2105345 is allocated, but no need to revise

	Sub-topic 2-2: MSD improvement
	[bookmark: _GoBack]Summary for MSD improvement: The comments from companies are listed in 2.2.2 and 2.4.2 for 1st and 2nd round respectively. Because no consensus was reached in this topic, companies who are interested in this topic could refer to the discussion if plan to contribute in next meeting.

	Sub-topic 2-3: Power class
	Summary for power class: The comments from companies are listed in 2.2.3 and 2.4.3 for 1st and 2nd round respectively. Because no consensus was reached in this topic, companies who are interested in this topic could refer to the discussion if plan to contribute in next meeting.



Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2105343
	approved

	R4-2105344
	approved

	R4-2107334 
	approved

	R4-2105345
	Withdrawn

	R4-2105346
	approved
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CA_n41A-n77A 6.5, 10.5 6.5, 11.5 4.5, 8.3 CBN->n41, CBN->n77
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