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Introduction
This email discussion is to discuss enhancement for 700800900MHz band combinations.
The targets of the two rounds in this meeting are as following,
· 1st round:
· Discuss the issues for CA_n5-n8: LS, down selection, RF requirements.
· Discuss the RF requirements for CA_n5-n28.
· Discuss the RF requirements for CA_n8-n20-n28.
· 2nd round:
· Approve the LS for CA_n5-n8.
· Approve the WF.
It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	vivo
	Shuai Zhou
	shuai.zhou@vivo.com

	Skyworks Solutions Inc.
	Dominique Brunel
	dominique.brunel@skyworksinc.com

	Nokia
	Hiromasa Umeda
	hiromasa.umeda@nokia.com

	Qualcomm
	Antti Immonen
	aimmonen@qti.qualcomm.com

	Meta Ireland
	Suhwan Lim
	suhlim@meta.com

	Apple
	James Wang
	fucheng_wang@apple.com

	
	
	



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
Topic #1: General issues
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304436
	CATT, China Telecom
	Table 1: Work plan for WI NR_700800900_combo_enh
	RAN4 Meeting
	RF TU
	Task

	#106bis
	0.25
	CA_n5-n8
Discuss the down selection of the 3 options.
For option 2, discuss and approve the LS sent to RAN2.
Discuss the requirements for the possible options.
CA_n5-n28
Align the test points.
Discuss the requirements.
CA_n8-n20-n28
Align the test points.
Discuss the requirements.

	#107
	0.25
	CA_n5-n8
Align the test points for the possible options.
Discuss the requirements.
CA_n5-n28
Approve the test points.
Discuss the requirements.
CA_n8-n20-n28
Approve the test points.
Discuss the requirements.

	#108
	0.5
	CA_n5-n8
Decide the down selection of the options considering the reply LS from RAN2 related to option 2.
Discuss the remaining issues and try to approve the requirements.
CA_n5-n28
Discuss the remaining issues and try to approve the requirements.
CA_n8-n20-n28
Discuss the remaining issues and try to approve the requirements..

	#108b
	0.5
	CA_n5-n8
Try to approve the requirements.
CA_n5-n28
Try to approve the requirements.
CA_n8-n20-n28
Try to approve the requirements.

	#109
	0.5
	CA_n5-n8
Approve the requirements and the final CR.
CA_n5-n28
Approve the requirements and the final CR.
CA_n8-n20-n28
Approve the requirements and the final CR.


Proposal: Approve the work plan in Table 1.

	R4-2305376
	Huawei, HiSilicon
	Proposal 1: in order to meet the operators’ deployment as soon as possible, it’s allowed to submit the official CR for band combination(s) separately if some of these band combinations are completed.



Open issues summary and company views collection
Sub-topic 1-1: CR handling
Issue 1-1: CR handling for band combinations
· Proposals
· It’s allowed to submit the official CR for band combination(s) separately if some of these band combinations are completed (R4-2305376, Huawei)
· Recommended WF
· Separate CRs for each band combinations are expected.

	Company
	Comments

	Skyworks
	We are fine with one CR per completed band combination. Ideally CR can be co-sourced by contributing companies

	Nokia
	The proposal is understandable. We would like to emphasize that each of the CRs for each band combination must be a complete set of the requirements. We should avoid agreeing CRs with just partial contents. They will confuse people outside 3GPP since for instance, if we capture only band combination in a table with associated requirements, people outside 3GPP considers that the band combination and the associated requirements are completed, but they can never find the associated requirements.
· Separate CRs for each band combinations are expected
· Respective CRs can be separately agreed with a full set of associated requirements for the corresponding band combinations. 

	ZTE
	1. According to the work plan below, the CR will be approved in #109 meeting, so my understanding is before #109 meeting, the CR should be draft CR, not official CR. 
2. we think only one CR for a band combination to include all of the requirements, in the other words, seperated CR in different meeting which include part of requirements of a band combination should not be allowed. （similar view with Nokia）
3. This is R18 WID, so it is straightforward to submit R18 CR. However, for a certain band combination like n5-n28,  the proposed requirements for 1UL/2DL from companies in this meeting are different from the existing requirements defined in Rel-17. So is it allowed to submit R17 CR under this topic to keep the R17 and R18 specs aligned?




Tentative agreements: 
· Separate CRs for each band combinations are expected
· Respective CRs can be separately agreed with a full set of associated requirements for the corresponding band combinations.
Capture the above tentative agreements in the revised work plan.
Sub-topic 1-2: Work plan
Issue 1-2: Work plan for WI NR_700800900_combo_enh
· Proposal in R4-2304436 (CATT, China Telecom)
Table 1: Work plan for WI NR_700800900_combo_enh
	RAN4 Meeting
	RF TU
	Task

	#106bis
	0.25
	CA_n5-n8
Discuss the down selection of the 3 options.
For option 2, discuss and approve the LS sent to RAN2.
Discuss the requirements for the possible options.
CA_n5-n28
Align the test points.
Discuss the requirements.
CA_n8-n20-n28
Align the test points.
Discuss the requirements.

	#107
	0.25
	CA_n5-n8
Align the test points for the possible options.
Discuss the requirements.
CA_n5-n28
Approve the test points.
Discuss the requirements.
CA_n8-n20-n28
Approve the test points.
Discuss the requirements.

	#108
	0.5
	CA_n5-n8
Decide the down selection of the options considering the reply LS from RAN2 related to option 2.
Discuss the remaining issues and try to approve the requirements.
CA_n5-n28
Discuss the remaining issues and try to approve the requirements.
CA_n8-n20-n28
Discuss the remaining issues and try to approve the requirements..

	#108b
	0.5
	CA_n5-n8
Try to approve the requirements.
CA_n5-n28
Try to approve the requirements.
CA_n8-n20-n28
Try to approve the requirements.

	#109
	0.5
	CA_n5-n8
Approve the requirements and the final CR.
CA_n5-n28
Approve the requirements and the final CR.
CA_n8-n20-n28
Approve the requirements and the final CR.



· Recommended WF
· Approve the work plan.

	Company
	Comments

	Skyworks
	For CA_n5-n8, the first aspect to be agreed is the spectrum definition and what are the baseline/optional implementation as this also drives the work in RAN2

	Nokia
	Completion of the down scoping at RAN4#106bis-e would not be realistic given that we send an LS to RAN2 in the meeting.
Perhaps, RAN4#108 would be a realistic timing.



Moderator suggestion: For CA_n5-n8, down selection is finished latest at RAN4#108 meeting. The RF requirements for the 3 options can be discussed before the down selection is decided.
For other band combinations, the CRs can be agreed when the requirements are finished. It’s not necessary to wait for the last meeting.

Tentative agreements: The work plan is revised according to the comments.
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 

	Issue 1-1: CR handling for band combinations

	Tentative agreements:
· Separate CRs for each band combinations are expected
· Respective CRs can be separately agreed with a full set of associated requirements for the corresponding band combinations.
Recommendations for 2nd round:
Capture the above tentative agreements in the revised work plan.

	Issue 1-2: Work plan for WI NR_700800900_combo_enh

	Tentative agreements:
The work plan is revised according to the comments.
Recommendations for 2nd round:
Double check and agree the revised work plan.



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


Topic #2: CA_n5-n8
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304166
	Nokia, Nokia Shanghai Bell
	[Draft] LS on non-simultaneous UL and DL from different two bands during UL CA
RAN4 would like to ask RAN2 followings (see the details on TR 38.872).
· Whether or not it is feasible for dual UL CA of CA_n5-n8 to take a state of (UL, DL) = (n5+n8, n8) with the existing RAN2 specifications.
· Optionally, if the answer is not feasible, how much specification impact are expected if rough estimation is possible.

	R4-2304168
	Nokia, Nokia Shanghai Bell
	Observation: What RAN4 can discuss about non-simultaneous n5 DL and n8 UL has reached saturation.
Proposal: For feasibility purpose, ask RAN2 for feasibility and relevant information e.g., spec impacts, complexity etc if any with the understanding that sending an LS doesn’t mean RAN4 agrees the introduction of this option.

	R4-2304353
	Apple
	Proposal 1: The frequency range restriction of the combination shall not be used as the RF multiplexer implementation guideline as the filter design should accommodate the full-range operation when being operated as a single band for all the constituent bands.
Proposal 2: For CA_n5-n8, the UE RF requirements shall not be specified based on the range restricted filter design.
Observation 1: For CA_n5-n8 with 3-antenna implementation, under simultaneous Rx/Tx between n5 DL and n8 UL, the n5 REFSENS degradation can be as high as 40 dB.
Observation 2: To enable CA_n5-n8 operation with 2-antenna implementation, semi-full-duplex operation with non-simultaneous Rx/Tx between n5 DL and n8 UL is required.
Proposal 3: RAN4 to postulate the semi-full-duplex operation with non-simultaneous Rx/Tx between n5 DL and n8 UL as the default operation mode for CA_n5-n8.
Observation 3: By allowing only non-simultaneous Rx/Tx between n5 DL and n8 UL, the combination would be free from any self-interference.
Proposal 4: Use architecture in Figure 2-2 as CA_n5-n8 UE reference architecture to define UE RF requirements.
Proposal 5: The proposed triplexer in CA_n5-n8 UE reference architecture needs to ensure sufficient isolation between each constituent band’s UL and DL such that REFSENS degradation would not be caused by Tx self-interference in single-band operation except by the additional insertion loss.

	R4-2304435
	CATT
	Proposal 1: Solution 3 is kept for the UE RF requirements for UE supporting simultaneous 2UL/2DL for CA_n5-n8.
Proposal 2: Only one solution is kept between solution 1 and solution 2 pending on the RAN2 feedback for the signaling impact. If the feedback is positive, solution 2 is kept. Otherwise, solution 1 is kept.

	R4-2304454
	Qualcomm Finland RFFE Oy
	Observation 1: Specifying requirements for all three options is not preferred as it would likely fragment device ecosystem and make deployment of the feature more challenging
Observation 2: Option 1 is the most straightforward, and Option 3 is easier among the UL CA options
Observation 3: RRC reconfiguration is not a good solution to switch very dynamically between “n5+n8 UL/n8DL” and “n5 UL/n5+n8DL”
Observation 4: UE capability to allow/disallow concurrent n8 UL/n5 DL would be needed if option 2 is specified
Proposal: Specify 3GPP requirements for CA_n5A-n8A for Option1 and for Option 3

	R4-2304563
	Skyworks Solutions Inc.
	Proposal on band combination set definitions for CA_n5-n8: The two BCS in the table below are specified to enable the two architecture options with the additions of the proposed notes:
· The band combination definition is valid without any frequency range restriction for BCS0
· For BSC1 only band n8 UL frequency range is restricted.
Table 1: BCS table for CA_n5-n8
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n8A
	CA_n5A-n8AX
	n5
	5, 10
	0

	
	
	n8
	5, 10
	

	
	CA_n5A-n8A 
CA_n5A-n8AY
	n5
	5, 10
	1

	
	
	n8
	5, 10
	

	NOTE X: In BCS0, the concurrent operation of band n5 DL and band n8 UL is not supported
NOTE Y: In BCS1 the band n8 support is restricted to the 904-915MHz frequency range in UL



Proposal on CA_n5-n8 delta T and Delta R values: the values in the Table below are used for the requirement in 38.101-1 Table 6.2A.4.2.3-1 and 7.3A.3.2.1-1 respectively:
Table 2: CA_n5-n8 ΔTIB,c and ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0.4
	0.5

	
	n8
	0.5
	0.4



Proposal on CA_n5-n8 1UL REFSENS exceptions: The following MSD Table is used for the 38.101-1 requirement in Table 7.3A.6-1:
· The n5 MSD is based on our evaluation during the study phase and only applies to a n5 DL channel in the restricted frequency range.
· The n8 MSD should be further evaluated, note that the DL channel is chosen to be applicable to the restricted n8 frequency range, but given the large frequency offset, the noise can be considered flat and thus the MSD applicable to the entire DL band. The band n5 UL is set at the top of n5.
Table 3: 1UL cross band MSDs for CA_n5-n8
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	12.3X
	ACLR2

	n5
	n8
	844
	10
	
	25 (RBstart=27)
	951.5
	5
	TBD
	>ACLR2

	NOTE X: This MSD is not applicable for UE supporting CA_n5-n8 BCS0


Proposal on CA_n5-n8 2UL REFSENS exceptions: The following MSD Table is used for the 38.101-1 requirement in Table 7.3A.6-1: MSD may be further refined with measurements.
Table 4: REFSENS exceptions due to IMD interference for CA_n5-n8
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n5-n8
	n5
	846.5
	5
	25
	N/A
	N/A
	FDD
	N/A

	 
	n8
	892.5
	5
	25
	937.5
	[25]X
	FDD
	IMD3

	NOTE X: This MSD is not applicable for UE supporting CA_n5-n8 BCS1




	R4-2305073
	vivo
	Proposal 1: New bands would not be required for CA_n5-n8 using dedicated RF filters.
Proposal 2: From implementation point of view, gNB scheduling can enable 2UL but non-concurrent operation between n5 DL and n8 UL for CA_n5-n8.

	R4-2305131
	ZTE Corporation
	Proposal 1. To be more precise, it is propose to modify the option 2 as below:
Option 2: Support both 1UL/2DL and 2UL/21DL CA. Non-concurrent n5 DL and n8 UL
Note: Potential impacts on RAN2 are observed
It is time to sent LS to RAN2 to study the feasibility of non-simultaneous n5 DL + n8 UL with the existing specifications. Draft LS is attached in the Annex.

	R4-2305152
	China Telecom
	Proposal 1: Option 1 and Option 2 for full band filter shall be down selected as optional solution for UL CA n5-n8.
Proposal 2: Option 3 for dedicated filter shall be kept as baseline solution for UL CA n5-n8. 

	R4-2305253
	Xiaomi
	Proposal 1: Introduce one new UE capability to indicate whether to allow simultaneous operation or not for FDD-FDD band combination.
Proposal 2: RAN4 send an LS to RAN2 to ask whether 2UL/1DL CA configuration would have potential RAN2 impact. The final decision should be left up to RAN2. 
Proposal 3: New band would be not required. An optional UE capability can be defined to indicate the different implementation with dedicated filter.
Proposal 4: It is proposed to add country or region information in notes to make specification more future-proof.

	R4-2305379
	Huawei, HiSilicon
	Proposal 1: From standard perspective, there is no need to exclude any option for CA_n5-n8 in this WI.
Observation 1: For option 1 and option 2, there is no need to specify the REFSENS degradation due to cross band isolation between band n8 UL and band n5 DL. Even for option 2, there is no REFSENS requirements for DL band n5 when n8 transmitting signal.
Proposal 2: For option 3 of dedicated RF filters implementation with partial frequency range, the MSD in table 2 is allowed for CA_n5-n8 and can be specified.
Proposal 3: As this CA_n5-n8 combination is new one and UE vendors may be much careful to select the suitable filters for this combo, it’s better to consider these filters with better performance when analysing the MSD for band n8 DL due to band n5 UL interference, i.e. 40dB Attenuation between band n5 UL and band n8 DL.



Open issues summary and company views collection
Background:
[image: ]
In the study item, 3 options were studied and the down selection should be discussed for the RF requirements definition.
1) Full band n5 and n8 RF filters implementation with option 1 and option2:
Option 1: Only support 1UL/2DL CA. Single UL in n5
Option 2: Support both 1UL/2DL and 2UL/2DL CA. Non-concurrent n5 DL and n8 UL
Note: Potential impacts on RAN2 are observed
2) Dedicated RF filters implementation with partial frequency range
Option 3: Support both 1UL/2DL and 2UL/2DL CA. Dedicated filter to allow simultaneous n5 DL and n8 UL

Sub-topic 2-1: Non-concurent n5 DL and n8 UL
Issue 2-1: LS to RAN2
· Proposals
· Option 1: R4-2304166
· Option 2: R4-2305131
· Recommended WF
· Send LS to RAN2 and use R4-2304166 as the baseline to be revised
Moderator: Please provide comments for the contents of the LS in 1st round discussion.

	Company
	Comments

	vivo
	From implementation point of view, is it possible that gNB scheduling can enable 2UL but non-concurrent operation between n5 DL and n8 UL for CA_n5-n8, instead of including RAN2 impact?

	Skyworks
	We support definition of non-simultaneous n8UL and n5DL as the baseline option (option 1) without any frequency restrictions. In our view this can considered as a specific BCS with a specific UL configuration.
We also support option 3 as an optional implementation that can be clarified as a different BCS but with only frequency range restriction on the n8UL
In our view, for option 1, if the scheduler is able to avoid simultaneous n8UL and n5DL then we can send an LS to RAN2 asking if the two options can be supported within the same network based on different BCS

	OPPO
	Ok with WF, and in the LS it should be clear of the question/potential problem RAN4 have observed, and the wording in Option 2 (R4-2305131) probably can be considered “For 2UL/1DL CA, RAN4 observed that there would be some potential impacts on RAN2 since the CC number in uplink is larger than the CC number in the downlink.”
And for the question of impact on RAN2 spec, current wording in the Option 1 (R4-2304166) seems a little bit vague, it might be difficult to answer “how  much specification impact are expected if rough estimation is possible”. Maybe alternative wording can be used like “whether RAN2 can enable this kind of configurations with necessary changes in RAN2 specs”. As long as RAN2 confirms the feasibility either with existing spec or with spec changes, RAN4 can consider this kind of non-simultaneous RxTx is feasible from signaling point of view.

	Nokia
	If we go with Option 2, at least we don’t think we don’t need to modify 2UL/2DL for option 2 or no need to take time to discuss how we call it. Though we are OK to discuss it in the end, it must be ok to discuss this after we agree the introduction of option 2.
Apart from the feasibility as UE RF, RRC must be able to configure a UE with 2UL/2DL. But in any case, if RAN2 doesn’t think that is not 2UL/2DL, they can fix it if necessary. 

	ZTE
	We think the LS should be sent out to RAN2 in this meeting. As mentioned by OPPO, in the LS it should be clear of the question/potential problem RAN4 have observed

	Xiaomi
	OK with the recommended WF. To our understanding, it is feasible for network scheduling to enable non-concurrent operation between n8 UL and n5 DL. Another solution could be introduction of an optional UE capability to allow simultaneous or non-simultaneous reception and transmission.

	Qualcomm
	OK with sending the LS based on Nokia version, however we are not ok to say RAN2 do the needed modifications if RAN2 finds it feasible. In other words, it must be RAN4 who decides if option2 is pursued or not.  

	Meta
	We support option 1 as baseline. Option 3 is only supported with dedicated filter to allow simultaneous n5 DL and n8 UL. So we prefer not to support the specific operation with restricted frequency band for CA_n5-n8. For option 2, we are fine to send LS to RAN2 whether RAN2 specification support this operation and need their feedback on this operation.

	Apple
	Our understanding is that for non-simultaneous Rx/Tx between n5 DL and n8 UL for CA_n5-n8 is still a 2UL/2DL configuration. We do not think it can be considered as a 2UL/1DL nor 1UL/2DL only. Even in single-band FDD operation, UL may not be transmitting at all time and DL also may not be receiving at all time in active state. Despite without half-duplex scheduling, UL and DL still may not overlap each other all the time, meaning that at certain time there may be only UL transmitting or only DL is receiving. But if UL and DL are scheduled not to operate at the same time, it becomes a half-duplex operation. The similar concept can be applied to CA combination. The only difference is that now the scheduling is across two cells. Overall the CA configuration is still 2UL/2DL despite it is 2UL/1DL and 1UL/2DL alternating in time.    

	Nokia
	To mitigate some companies’ concern, it would be good to capture that sending an LS to RAN2 doesn’t mean that RAN4 agrees the introduction of non-simultaneous n5 Dl and n8 operation. In our view, this LS is just to facilitate the discussion by having a common understanding that if this operation is feasible with the current specifications and/or how much price we need to pay to make it happen if not feasible. 



Moderator suggestion: Send LS to RAN2 in this meeting. LS is revised based on R4-2304166.

Tentative agreements: Send LS to RAN2 in this meeting. LS is revised based on R4-2304166.
Capture the above tentative agreements in the WF led by Skyworks (WF on CA_n5-n8)


Issue 2-2: Should non-concurrent n5 DL and n8 UL be called 2UL/2DL or 2UL/1DL CA?
· Proposals
· Option 1: Still 2UL/2DL
· Option 2: 2UL/1DL
· Recommended WF
· Option 1
Moderator’s understanding (Please companies check): The number of UL/DL is based on the configuration not the scheduling. The 2UL/2DL CA configuration means the 2UL carries and 2DL carries can be scheduled but doesn’t mean they should always be scheduled simultaneously. For 2UL/2DL CA configuration, it can be scheduled 2UL/1DL carriers, or 1UL/2DL carriers at some time slots.
	Company
	Comments

	vivo
	From our view, Option 2 is clearer. For moderator’s understanding, for 2UL/2DL CA configuration, it is not sure whether 2UL/1DL can be scheduled, which is why we sent the LS to confirm as in issue 2-1.

	Skyworks
	In our view the best description is 2UL/2DL without simultaneous n8Tx and n5Rx

	OPPO
	Ok with WF.

	Nokia
	As configuration, it must be still 2DL/2UL CA. But we don’t think we need to take time to discuss it, but rather our focus must be conveying what the option 2 is to RAN2 precisely.

	ZTE
	In the SID TR, both DL_n8_UL_n5-n8 and DL_n5-n8_UL_n5 features can be supported for Option 2.  2UL/2DL CA would not be supported under the condition of non-concurrent n5 DL and n8 UL. To be more precise, 2UL/1DL is more clear and more aligned with the RAN4’s agreement.

	Xiaomi
	We can understand what moderator presents above. We slightly prefer option 2 to avoid confusion among WGs. Actually DL_n8_UL_n5-n8 and DL_n5-n8_UL_n5 are supported by 2UL/2DL with non-current n5 DL and n8 UL. 

	Meta
	RAN4 can call the 2UL/2DL CA without simultaneous transmission in n8 and reception in n5. 

	Huawei
	Share the similar with Skyworks and Nokia.

	Apple
	Option 1 as we commented in Issue 2-1.



Moderator suggestion: No need to further discuss this in future meetings, just define requirements?

Tentative agreements: The issue can be discussed after the reply LS from other group is received.
Capture the above tentative agreements in the WF led by Skyworks (WF on CA_n5-n8)

Sub-topic 2-2: Downselection of the options
[image: ]
Issue 2-3: Which option should be kept for the requirements definition?
· Proposals
· Option 1:
· Support: Qualcomm, Huawei
· Object: 
· Other: 
· CATT: Keep one option between option 1 and option 2 pending on the RAN2 feedback for the signaling impact.
· Option 2:
· Support: Apple, Huawei
· Object: 
· Other: 
· CATT: Keep one option between option 1 and option 2 pending on the RAN2 feedback for the signaling impact.
· Skyworks: didn’t explicitly support in the contribution but provided the RF requirements for this option
· Option 3:
· Support: CATT, CT, Qualcomm, Skyworks, Huawei
· Object: Apple
· Other: 
· Skyworks: didn’t explicitly support in the contribution but provided the RF requirements for this option
· Recommended WF
· Keep option 3 to support simultaneous 2UL/2DL
· Keep one option between option 1 and option 2 

	Company
	Comments

	vivo
	From our understanding, the requirements frame work for these options are the same, including deltaT/R, MSD. Is it possible we define one set of minimum requirements allowing all feasible options?

	Skyworks
	We support the introduction of option 2 as baseline and option 3 as optional with separate BCS as proposed in our contribution. For option 3 it should be clarified the the only frequency range restriction is for n8 UL

	OPPO
	We prefer to support Option 1 and 2, and more prefer Option 1 since the benefits of supporting switched Tx/Rx in n5/n8 is not clear in practice.
For Option 3, it is difficult to be implemented with dedicated filters only for specific NW, and in reality it will make this kind of simultaneous 2UL/2DL not be supported by UEs.

	Nokia
	Regardless of the result of handling of option 2 and/or 3, option 1 must be anyway allowed to be specified and to be implemented. With respect to Option 3, we need clarification on the option itself.
In the study item, 3 options were studied and the down selection should be discussed for the RF requirements definition. Background shared following options.
1) Full band n5 and n8 RF filters implementation with option 1 and option2:
Option 1: Only support 1UL/2DL CA. Single UL in n5
Option 2: Support both 1UL/2DL and 2UL/2DL CA. Non-concurrent n5 DL and n8 UL
Note: Potential impacts on RAN2 are observed
2) Dedicated RF filters implementation with partial frequency range
Option 3: Support both 1UL/2DL and 2UL/2DL CA. Dedicated filter to allow simultaneous n5 DL and n8 UL
Our understanding was option 3 also has full band n5 and n8 RF filters implementation for single band operation. The option 3, however, allows UE to use dedicated filter only during CA. If this is the common understanding, the option 3 should be clarified and may need to discuss how to handle regional frequency sub-bands for the future. If this is not the common understanding, we need two different new bands and a band combination with the new bands.   

	ZTE
	Option 2 can include option 1, but of course, option 2 should be decided in the end after receiving RAN2’s feedback.
Moreover, A question for clarification, it seems we need to pick out 2 options from the original 3 options, and for the RF requirements, does it mean two sets of requirements are needed to be defined?

	Xiaomi
	We support option 2 as the first priority. For option 2, potential RAN2 impact should be studied and RAN4 can make decision after receiving reply LS from RAN2. For option 3, maybe optional UE capability should be introduced to distinguish dedicated RF filter with full band filter. This should be optional. 

	CTC
	We prefer option 3 by comparing to option 2 for 2UL CA. As option 3 shows better performance and some of contributions confirm it is feasible to implement the dedicated filter with restricted frequency ranges. Option 2 could be the capability for UE doesn’t support option 3. 
For the baseline between option 2 and option 3, we could have further discussion depending on option 2 performance impact from complexity and feasibility point. Maybe different BCS could distinguish the above options that UE supports.
For the filter design for option 3, in our contribution R4-2300859, we also have an observation that only n8 Tx filter needs to be optimized, which is similar to the view from Skyworks. 

	Qualcomm
	We are very surprised on the popularity of option2 given it’s challenges vs throughput compared to e.g option1. To us, it seems that many companies only look at it full n5 and n8 filters can be used or not, even that is just one piece in the puzzle.
As we said at the end of GTW, one point to consider would be to make a new band for n8 (say 904-915 TX +925-960 RX), and specify only option3 using the new band and n5


	Meta
	As I mentioned in above sub-topic 2-1, option 1 is the baseline for 1UL/2DL and the option 2 can be supported if RAN2 support the specific restriction between n8Tx and n5Rx. Option 3 is request to new dedicated filter, so we do not want to support this option in the WI. 

	Huawei
	Considering operators demands, option 3 should be kept. As Skyworks pointed out Option 3 only restrict the UL band n8, cost seems not too much for UE vendors. Option 1 or Option 2 can be considered to reuse the full frequency range filter considering current eco-system.

	Apple
	Our preference is Option 2 which also covers Option 1. For Option 3, if majority companies would prefer to keeping it, it is also fine with us. However, Option 3 should not be considered as the default operation mode, but only an optional UE capability. Also for Option 3, ∆Tib/∆Rib may only be applicable for CA operation, but not for single-band operation. 



Skyworks: Option 1 is the baseline for 1UL/2DL only. Option 2 and option 3 can be discussed for 2UL/2DL supporting.
Nokia: Option 3 means that for 2UL/2DL CA, dedicated filter is used but for the single carrier support, the full range of the bands are supported.
Qualcomm: New band can be an option to support option 3.
Tentative agreements: FFS the down selection. The RF requirements for the 3 options can be discussed before the decision is made.
Capture the above tentative agreements in the WF led by Skyworks (WF on CA_n5-n8)

Sub-topic 2-3: RF requirements for option 1 and option 2
Issue 2-4: RF requirements for option 1 and option 2
· Proposals
· Observations in R4-2216340 and R4-2304353
· No MSD
· Recommended WF
· No MSD for option 1 and option 2
Moderator: Tib/Rib needs to be defined if the two options will be kept finally.
	Company
	Comments

	Skyworks
	To conclude there is no MSD for n5 UL into n8DL more assessment is needed with n5UL at the top of n5 band as there is no frequency restriction. It is too early to conclude no MSD. For Delta T and delta R, the values should enable any options including with restricted BW n8UL filter.

	OPPO
	Ok with WF.

	ZTE
	The MSD type here is not clear. 

	Qualcomm
	There is a typo in proposal, R4-2216430 is our paper but does not propose no MSD (it does not include analysis). In our other paper R4-2219870 we said that whether MSD is needed or not is a borderline case requiring further anaylsis

	Huawei
	As we said in my contribution, UE vendors can choose a better performance filter to avoid MSD from n5 UL and n8 DL if they plan to support this combo. No need to consider MSD for some legacy band n5 duplexer.

	Apple
	For Option 1, there would be no MSD concern. For Option 2, if there is no frequency range restriction, UL CA_n5-n8 IMD3 may fall into n8 DL to cause MSD.




Tentative agreements: Further discuss in the WF led by Skyworks (WF on CA_n5-n8).

Sub-topic 2-4: RF requirements for option 3
Issue 2-5: MSD for 1UL/2DL of option 3
· Proposals
· Option 1: Proposal in R4-2304563 (Skyworks)
· Table 3: 1UL cross band MSDs for CA_n5-n8
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	12.3X
	ACLR2

	n5
	n8
	844
	10
	
	25 (RBstart=27)
	951.5
	5
	TBD
	>ACLR2

	NOTE X: This MSD is not applicable for UE supporting CA_n5-n8 BCS0


· Option 2: Proposal in R4-2305379 (Huawei)
· Table 2: n8R UL cross band MSD in n5 for CA_n5-n8
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	12.3
	>ACLR2



· Recommended WF
· No MSD for n8DL/n5UL
· Considering the following n5DL MSD as the starting point for further check in future meetings.
n8R UL cross band MSD in n5 for CA_n5-n8
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	12.3
	>ACLR2



Moderator: The above table is captured in TR 38.872, with the difference that “ACLR2” is changed to “>ACLR2”
Moderator: Tib/Rib needs to be discussed in future meetings.
	Company
	Comments

	Skyworks
	We do not agree to conclude that there is no MSD for n8DL with n5UL. During study phase this was only evaluated for n5UL within the restricted frequency range, this cannot be the case for the generic specification. For the MSD of n5 with n8UL when only frequency restriction is on n8UL the interference in ACLR2 and not > ACLR2. The proposed test point is with n5 DL only in the restricted range but this may need further discussion to see if the full band n5 DL should be considered

	Qualcomm
	MSD for n8DL can be studied until next meeting. We are ok to use the test point above for n5 MSD as a starting point,assuming that the applicable n5 DL is 869-880. Is there a reason to include the entire n5 DL (in which case the MSD would be >> larger)?

	Huawei
	Although band n5 full range duplexer can be reused for option 3, but frequency restriction is still valid based on operators request (n5 DL 869~880MHz). 

	Apple
	n8 DL is less impacted by n5 UL as compared to n5 DL as it further frequency apart from UL aggressor. If there would be MSD for n8 DL caused by n5 UL, then there would also be MSD for n5 DL unless the filter rejection is different between n5 DL range and n8 DL range.




Tentative agreements: Further discuss in the WF led by Skyworks (WF on CA_n5-n8).

Issue 2-6: MSD for 2UL/2DL of option 3
· Proposals
· Option 1: Proposal in R4-2304563 (Skyworks)
· Table 4: REFSENS exceptions due to IMD interference for CA_n5-n8
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n5-n8
	n5
	846.5
	5
	25
	N/A
	N/A
	FDD
	N/A

	 
	n8
	892.5
	5
	25
	937.5
	[25]X
	FDD
	IMD3

	NOTE X: This MSD is not applicable for UE supporting CA_n5-n8 BCS1


· Recommended WF
· Considering the above table as the starting point for further check in future meetings.

	Company
	Comments

	Skyworks
	After further checking our proposed MSD test point has the n8 UL that is outside the n8UL restricted range and thus is not applicable with restriction for option 3, but is valid for option 2 as CA_n5-n8 UL exists with n8DL
For option 3, further checking is needed as with n5UL at top of n5 and n8UL at the bottom of the restricted range, IMD3 just misses n8DL. There should still be an MSD to be evaluated but it should be much smaller.
Test point would be just missed IMD3 with n8 UL at 906.5MHz instead of 892.5MHz 
The 2UL MSD in n8DL is valid for both option 2 and option 3 with R4-2304563 MSD test point for option 2 and just missed IMD3 with n8 UL at 906.5MHz instead of 892.5MHz for option 3

	ZTE
	we noticed that BCS1 is proposed, but we have concern to introduce BCS1 for this band combination, since the purpose for different BCS is to specific different supported channel bandwidths for the same band combination, not for different supported frequency range. 

	Qualcomm
	BCS does not seem a future proof approach to distinguish between Option2 and Option 3. I need to think the possible testpoint a bit further during this meeting.

	Meta
	We prefer not to support the 2UL/2DL of option 3 in Rel-18.

	Huawei
	If BCS is used, it may have some NBC issue. Better to check with RAN2 before RAN4 consider BCS method to distinguish these solutions. 

	Apple
	Possible 2UL IMD MSD to n8 DL for Option 2 without frequency range restriction as commented above.



Discussion:

Tentative agreements: Further discuss in the WF led by Skyworks (WF on CA_n5-n8).

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 

	Issue 2-1: LS to RAN2

	[bookmark: OLE_LINK26]Tentative agreements:
Send LS to RAN2 in this meeting. LS is revised based on R4-2304166.
Recommendations for 2nd round:
Continue the discussion of the LS.

	Issue 2-2: Should non-concurrent n5 DL and n8 UL be called 2UL/2DL or 2UL/1DL CA?
	Tentative agreements:
The issue can be discussed after the reply LS from other group is received.
Recommendations for 2nd round:
Capture the above tentative agreements in the WF led by Skyworks (WF on CA_n5-n8)

	Issue 2-3: Which option should be kept for the requirements definition?
	Tentative agreements:
FFS the down selection. The RF requirements for the 3 options can be discussed before the decision is made.
Recommendations for 2nd round:
Capture the above tentative agreements in the WF led by Skyworks (WF on CA_n5-n8)

	Issue 2-4: RF requirements for option 1 and option 2
	Tentative agreements:
No agreements.
Recommendations for 2nd round:
Further discuss in the WF led by Skyworks (WF on CA_n5-n8).

	Issue 2-5: MSD for 1UL/2DL of option 3
	Tentative agreements:
No agreements.
Recommendations for 2nd round:
Further discuss in the WF led by Skyworks (WF on CA_n5-n8).

	Issue 2-6: MSD for 2UL/2DL of option 3
	Tentative agreements:
No agreements.
Recommendations for 2nd round:
Further discuss in the WF led by Skyworks (WF on CA_n5-n8).



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

Topic #3: CA_n5-n28
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304453
	Qualcomm Finland RFFE Oy
	Proposal 1: The following MSD test point should be considered if currently specified MSD for 1UL CA_n5A-n28A is revisited 
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	14.4
	ACLR2



Proposal 2: Use the following test point for 2UL Cross-band MSD
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	800.5
	5
	14.4
	n5 ACLR2

	n28
	
	745.5
	5
	15
	25 (Rbstart=0)
	
	
	
	



Proposal 3: Use the following ΔTIB and ΔTIB for CA_n5-n28
	Inter-band CA combination
	NR Band
	ΔRIB,c (dB)
	ΔTIB,c (dB)

	CA_n5-n28
	n5
	0.8
	0.8

	
	n28
	0.8
	0.8




	R4-2304564
	Skyworks Solutions Inc.
	Proposal on CA_n5-n28 delta T and Delta R values: the values in the Table below are used for the requirement in 38.101-1 Table 6.2A.4.2.3-1 and 7.3A.3.2.1-1 respectively:
Table 2: CA_n5-n28 ΔTIB,c and ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0.7
	0.2

	
	n28
	0.7
	0.2


Proposal on CA_n5-n28 1UL REFSENS exceptions: Based on the averaging the two contribution during SI phase including ours, the following MSD Table is used for the 38.101-1 requirement in Table 7.3A.6-1:
Table 3: REFSENS exceptions due to cross-band interference for CA_n5- n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	18.1
	ACLR2



Proposal on CA_n5n28 2UL REFSENS exceptions: 
· Based on the average of the two contribution and our data for the same test point in [3], the following MSD Table is used for the 38.101-1 requirement.
· A new Table is created in 38.101-1: 7.3A.6-2: Reference sensitivity exceptions (MSD) and uplink/downlink configurations due to cross band isolation from a PC3 2UL inter-band UL configuration
· The following notes are added at the bottom of the table or in the general text at the top of the section:
· For Reference sensitivity exceptions due to combined 2UL cross band isolation, each UL is set PUmax-3dB like for the 2UL IMD tests
· The MSD value is on top of the victim band 5MHz REFSENS scaled to the DL channel bandwidth in the test point.
Table 4: 2UL cross band MSDs for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	788
	30
	3.1
	ACLR2 from n5 UL band and ACLR1+ACLR2 from n28 UL band

	n28
	n28
	733
	30
	15
	25 (RBstart=135)
	788
	30
	3.1
	




	R4-2305132
	ZTE Corporation
	Observation 1. The RF requirement of NR CA_n5-n28 defined in the R17 spec were derived from quadplexer, i.e. 2 antenna implementation. 
Observation 2. The TIB,c and RIB,c requirements, more stringent requirements than the existing requirements are included in the SID TR for 2 antenna implementation.
Observation 3. The 1UL/2DL cross-band isolation MSD requirements, more stringent requirements than the existing requirements are included in the SID TR.
Observation 4. The 2UL cross-band isolation MSD requirements, it includes the total interference from both 1UL n5 ACLR2 and 1UL n8 (ACLR1+ACLR2). In our understanding, for the interference from 1UL n5 ACLR falls into band n28 DL, it seems it was already included in the 1UL cross-band isolation MSD requirements.
Observation 5. The UL/DL configurations are different for the values proposed by companies.
Proposal 1. More discussions are needed for the necessity for 2UL cross-band isolation MSD. 
Proposal 2. The requirements for the band combination defined in the specifications should be implementation agnostic.
Proposal 3. How to treat the stringent requirement included in SID TR and to be included in the spec should be discussed.


	R4-2305254
	Xiaomi
	Proposal 1: It is prosed to specify ∆TIB and ∆RIB based on the worst case, i.e., two antenna architecture, as shown in table 5.2.2.4-0/0a in TR 38.872.
Proposal 2: It is proposed to specify the MSD due to 1UL cross band isolation based on the worst case, as shown in table 5.2.2.5-2 in TR 38.782. 
Proposal 3: It is proposed to specify the MSD due to 2UL cross band isolation based on the worst case, as shown in table 5.2.3.3-5 in TR 38.782. 

	R4-2305377
	Huawei, HiSilicon
	Observation 1: since UE RF architectures with both two and three antennas for CA_n5-n28 are assumed for evaluation, the RF requirements based on UE RF architectures with both two and three antennas for CA_n5-n28 should be considered.
Proposal 1: additional 0.2dB for TIB,c and ∆RIB,c values can be considered to enable the two-antenna n-plexers in the future for CA_n5-n28.
Proposal 2: Keep the MSD due to cross band isolation from n5 UL impacts for CA_n5-n28 unchanged in the spec.
Table 3 MSD due to cross band isolation for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	17.5
	ACLR2



Observation 2: Currently, -78.5dBm REFSENS was specified for band n28 30MHz considering the interference from band n28 UL with 25 RB (15kHz SCS) UL configuration.
Observation 3: to adopt the following configuration for MSD due to cross band interference from two UL bands for CA_n5-n28 assuming 30MHz channel bandwidth in band n28.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	TBD788
	TBD30
	TBD
	ACLR2 from n5 UL bandTBD
ACLR1+ACLR2 from n28 UL band

	n28
	
	TBD733
	TBD30
	15
	TBD25 (RBstart=135)
	
	
	
	



Proposal 3: To consider the following MSD configuration due to cross band interference from two UL bands for CA_n5-n28 as reference.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	788
	30
	2.9
	ACLR2 from n5 UL band
ACLR1+ACLR2 from n28 UL band

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	






Open issues summary and company views collection
There’re two directions for the analysis for this CA. One is that 1UL CA requirements can be reused for 2UL CA. There’re also some contributions providing the detail analysis for 2UL CA requirements. If 1UL CA requirements can be reused, this CA can be closed. If not, the similar discussion, such as architecutre, RF parameters, etc, with other CA should be continued.

[image: ]

Sub-topic 3-1: RF requirements for CA_n5-n28
Issue 3-1: Tib/Rib for CA_n5-n28
· Proposals
· Option 1: Table 5.2.2.4-0 in TR 38.872 (Skyworks, Xiaomi, Huawei)
· Table 5.2.2.4-0: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5A-n28A
	n5
	0.7

	
	n28
	0.7


· Table 5.2.2.4-0a: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0.2

	
	n28
	0.2



· Option 2: R4-2304453 (Qualcomm)
	Inter-band CA combination
	NR Band
	ΔRIB,c (dB)
	ΔTIB,c (dB)

	CA_n5-n28
	n5
	0.8
	0.8

	
	n28
	0.8
	0.8



· Recommended WF
· Option 1

	Company
	Comments

	Skyworks
	We are open to discuss increased Delta R based on better understanding of Qualcomm proposal

	ZTE
	It seems more stringent requirements are proposed, then the changes should also be applied for Rel-17 spec. 

	Qualcomm
	We are ok to discuss lower dRib than what we proposed

	Meta
	We can further discuss on the detail Tib/Rib from QC proposal.

	Huawei
	We are OK with WF. I don’t think we need to change Rel-17 spec as this is a Rel-18 WI. In addition, Rel-17 UE supporting CA_n5-n28 with one UL can also meet the Rel-18 requirements without legacy UE issue.

	Apple
	We do not have any precedent that ∆Tib/∆Rib are different between 1UL/2DL and 2UL/2DL configurations. We need to further discuss how to handle the difference between the Rel-18 analysis and the existing requirements.



Tentative agreements: Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)

Issue 3-2: MSD for 1UL CA_n5-n28
· Proposals
· Option 1: Proposal in R4-2304453 (QC)
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	14.4
	ACLR2



· Option 2: Proposal in R4-2304564 (Skyworks, average the values in TR)
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	18.1
	ACLR2



· Option 3: Proposal in R4-2305254 (Xiaomi, the bigger MSD in TR)
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	18.6
	ACLR2



· Option 4: Proposal in R4-2305377 (Huawei, the value already in spec)
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	17.5
	ACLR2



· Recommended WF
· For the test points, approve the following
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	TBD
	ACLR2


· For MSD, approve option 4, the MSD already in spec, 17.5dB.

	Company
	Comments

	Skyworks
	Given the values are close we believe we should try to agree this meeting as there are enough contributions on this.

	Qualcomm
	Yes, ok to discuss how to converge. For instance, 17.5dB is ok for us

	Huawei
	I’m fine with WF.



Tentative agreements: Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)

Issue 3-3: MSD for 2UL CA_n5-n28
· Proposals
· Option 1: Proposal in R4-2304453 (QC)
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	800.5
	5
	14.4
	n5 ACLR2

	n28
	
	745.5
	5
	15
	25 (Rbstart=0)
	
	
	
	



· Option 2: Proposal in R4-2304564 (Skyworks, average the values in TR)
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	788
	30
	3.1
	ACLR2 from n5 UL band and ACLR1+ACLR2 from n28 UL band

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	



· Option 3: Proposal in R4-2305254 (Xiaomi, the bigger MSD in TR)
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	788
	30
	4.5
	ACLR2 from n5 UL band
ACLR1+ACLR2 from n28 UL band

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	



· Option 4: Proposal in R4-2305377 (Huawei, the value already in spec)
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	788
	30
	2.9
	ACLR2 from n5 UL band
ACLR1+ACLR2 from n28 UL band

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	



· Recommended WF
· For the test points, approve the following
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	788
	30
	TBD
	ACLR2 from n5 UL band
ACLR1+ACLR2 from n28 UL band

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	


· For MSD, approve option 2: average the values in TR, 3.1 dB.

	Company
	Comments

	Skyworks
	For R4-2305377, I don’t think there is already something in the spec for 2UL but we support choosing the test point with 20MHz n5 UL and 30MHz n28 UL and take the average

	ZTE
	For 2UL cross band isolation MSD, when we look at the interference source, it includes ACLR2 from n5 UL and ACLR1+ACLR2 from its own UL band, for the former one, it was already included in the 1UL cross band isolation MSD. And the 2UL cross band isolation MSD requirements are much lower than 1UL cross band isolation, we would like to understand the reason. We think more discussions are needed for the necessity for 2UL cross-band isolation MSD. 

	Qualcomm
	We can accept the approach of using widest channel BW’s, but if we do so we must clearly state in the specs that the MSD specified is not the largest possible value

	Huawei
	I think this new kind of MSD is to create interference from two UL bands instead of considering the largest value of MSD. Way forward is OK.




Tentative agreements: Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)

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 

	Issue 3-1: Tib/Rib for CA_n5-n28
	Tentative agreements:
No agreements.
Recommendations for 2nd round:
Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)

	Issue 3-2: MSD for 1UL CA_n5-n28
	Tentative agreements:
No agreements.
Recommendations for 2nd round:
Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)

	Issue 3-3: MSD for 2UL CA_n5-n28
	Tentative agreements:
No agreements.
Recommendations for 2nd round:
Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)


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

Topic #4: CA_n8-n20-n28
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304565
	Skyworks Solutions Inc.
	Proposal on CA_n8-n20-n28 delta T and Delta R values: the values in the Table below are used for the requirement in 38.101-1 Table 6.2A.4.2.4-1 and 7.3A.3.2.3-1 respectively:
Table 5: CA_n8-n20-n28 ΔTIB,c and ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c (dB)
	ΔRIB,c (dB)

	CA_n8-n20-n28
	n8
	0.8
	0.3

	
	n20
	0.7
	0.2

	
	n28
	0.7
	0.5


Proposal on CA_n8-n20-n28 2UL REFSENS exceptions: Based on the averaging the two contribution during SI phase including ours, the following MSD Table is used for the 38.101-1 requirement in Table 7.3A.5-2:
Table 6: REFSENS exceptions due to IMD interference for CA_n8-n20-n28
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n8-n20-n28
	n8
	N/A
	5
	25
	951.5
	24.3
	FDD
	IMD3

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	717.5
	5
	25
	772.5
	N/A
	FDD
	N/A

	 
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	N/A
	5
	25
	781.5
	24
	FDD
	IMD3




	R4-2305255
	Xiaomi
	Proposal 1: It is proposed to specify ∆TIB and ∆RIB based on the worst case, i.e., two antenna architecture, as shown in table 5.3.5.3-3 in TR 38.872.
Proposal 2: It is proposed to specify the MSD due to 1UL cross band isolation based on the worst case, as shown in table 5.3.5.5-2 in TR 38.782. 

	R4-2305378
	Huawei, HiSilicon
	Proposal 1: For CA_n8-n20-n28, one compromise is to specify ∆TIB,c and ∆RIB,c values based on three antenna architecture and specify REFSENS degradation due to IMD interference based on two antenna architecture as below.
Table 1: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c (dB)

	CA_n8-n20-n28
	n8
	0.6

	
	n20
	0.5

	
	n28
	0.5


Table 2: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c (dB)

	CA_n8-n20-n28
	n8
	0.2

	
	n20
	0.1

	
	n28
	0.1



Table 3: 3DL/2UL IMD3 MSDs for CA_n8-n20-n28
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n8-n20-n28
	n8
	N/A
	5
	25
	951.5
	25
	FDD
	IMD3

	
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	717.5
	5
	25
	772.5
	N/A
	FDD
	N/A

	
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	N/A
	5
	25
	781.5
	25
	FDD
	IMD3







Open issues summary and company views collection
[image: ]
Sub-topic 4-1: RF requirements for CA_n8-n20-n28
Issue 3-1: Tib/Rib for CA_n8-n20-n28
· Proposals
· Option 1: Proposal in R4-2304565 (Skyworks)
	Inter-band CA Configuration
	NR Band
	ΔTIB,c (dB)
	ΔRIB,c (dB)

	CA_n8-n20-n28
	n8
	0.8
	0.3

	
	n20
	0.7
	0.2

	
	n28
	0.7
	0.5



· Option 2: Proposal in R4-2305255 (Xiaomi, bigger values in TR)
· Table 5.3.5.3-3: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c (dB)

	CA_n8-n20-n28
	n8
	0.8

	
	n20
	0.7

	
	n28
	0.7



· Table 5.3.5.3-4: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c (dB)

	CA_n8-n20-n28
	n8
	0.3

	
	n20
	0.2

	
	n28
	0.2



· Option 3: Proposal in R4-2305378 (Huawei, a little different with the smaller values in TR)
· Table 1: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c (dB)

	CA_n8-n20-n28
	n8
	0.6

	
	n20
	0.5

	
	n28
	0.5


· Table 2: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c (dB)

	CA_n8-n20-n28
	n8
	0.2

	
	n20
	0.1

	
	n28
	0.1



· Recommended WF
· Option 3
Moderator: It was agreed in SI that UE RF architecture with three antennas for CA_n8-n20-n28 is used as baseline for evaluation.

	Company
	Comments

	Skyworks
	Even if it was agreed that the 3 antenna solution was used for evaluation, it is for MSD while delta T and delta R should enable future solutions with 2 antennas. The lowest values are not acceptable

	Qualcomm
	Need more discussion especially on RX side, during this meeting.

	Meta
	The specification shall be applied to all candidate RF architecture. So we can further discuss on the SKW’s proposal.

	Huawei
	As the difference is 0.1~0.2 dB, we can compromise if companies agree to compromise on MSD.

	Apple
	We agree with Skyworks that more ∆Tib/∆Rib relaxation as compared to the analysis from 3-antenna architecture should be allowed in order to accommodate the potential 2-antenna architecture.  




Tentative agreements: Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)

Issue 3-2: MSD for CA_n8-n20-n28
· Proposals
· Option 1: Proposal in R4-2304565 (Skyworks)
· Table 6: REFSENS exceptions due to IMD interference for CA_n8-n20-n28
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n8-n20-n28
	n8
	N/A
	5
	25
	951.5
	24.3
	FDD
	IMD3

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	717.5
	5
	25
	772.5
	N/A
	FDD
	N/A

	 
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	N/A
	5
	25
	781.5
	24
	FDD
	IMD3



· Option 2: Proposal in R4-2305255 (Xiaomi) and R4-2305378 (Huawei) (bigger values in TR)
· Table 5.3.5.5-2: 3DL/2UL IMD3 MSDs for CA_n8-n20-n28
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n8-n20-n28
	n8
	N/A
	5
	25
	951.5
	25
	FDD
	IMD3

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	717.5
	5
	25
	772.5
	N/A
	FDD
	N/A

	 
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	N/A
	5
	25
	781.5
	25
	FDD
	IMD3



· Recommended WF
· Option 1

	Company
	Comments

	Slyworks
	Our proposal was based on averaging but we are fine with bigger MSD value: once >20dB 1dB difference is no a big deal for MSD.

	Huawei
	Option 1 is OK.



Tentative agreements: Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)


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 

	Issue 3-1: Tib/Rib for CA_n8-n20-n28
	Tentative agreements:
No agreements.
Recommendations for 2nd round:
Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)

	Issue 3-2: MSD for CA_n8-n20-n28
	Tentative agreements:
No agreements.
Recommendations for 2nd round:
Further discuss in the WF led by Huawei (WF on CA_n5-n28 and CA_n8-n20-n28)



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

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

	R4-2306467 
	WF on CA_n5-n8
	Skyworks
	

	R4-2306468 
	WF on CA_n5-n28 and CA_n8-n20-n28

	Huawei, HiSilicon
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2304166
	R4-2306465
	[Draft] LS on non-simultaneous UL and DL from different two bands during UL CA
	Nokia, Nokia Shanghai Bell
	Revised
	

	R4-2304168
	
	CA_n5-n8 handling
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304353
	
	CA_n5-n8 UE architecture and RF requirements
	Apple
	Noted
	

	R4-2304435
	
	Discussion on the solutions for CA_n5-n8
	CATT
	Noted
	

	R4-2304436
	R4-2306466
	Discussion on the work plan for WI NR_700800900_combo_enh
	CATT, China Telecom
	Revised
	

	R4-2304453
	
	Considerations on CA_n5-n28
	Qualcomm Finland RFFE Oy
	Noted
	

	R4-2304454
	
	Considerations on CA_n5-n8
	Qualcomm Finland RFFE Oy
	Noted
	

	R4-2304563
	
	Input to CA_n5-n8 for LBLB and LBLBLB band combinations WI
	Skyworks Solutions Inc.
	Noted
	

	R4-2304564
	
	Input to CA_n5-n28 for LBLB and LBLBLB band combinations WI
	Skyworks Solutions Inc.
	Noted
	

	R4-2304565
	
	Input to CA_n8-n20-n28 for LBLB and LBLBLB band combinations WI
	Skyworks Solutions Inc.
	Noted
	

	R4-2305073
	
	Discussion on UE RF requirements and related transmission schemes for CA_n5-n8
	vivo
	Noted
	

	R4-2305131
	
	Discussion and draft LS on CA band combination of n5-n8
	ZTE Corporation
	Noted
	

	R4-2305132
	
	Views on RF requirements for CA band combination of n5-n28
	ZTE Corporation
	Noted
	

	R4-2305152
	
	Discussion on options for overlap in CA_n5-n8
	China Telecom
	Noted
	

	R4-2305253
	
	Discussion on CA_n5-n8
	Xiaomi
	Noted
	

	R4-2305254
	
	Discussion on CA_n5-n28
	Xiaomi
	Noted
	

	R4-2305255
	
	Discussion on CA_n8-n20-n28
	Xiaomi
	Noted
	

	R4-2305376
	
	General discussion on how to implement CR for each band combination
	Huawei, HiSilicon
	Noted
	

	R4-2305377
	
	Discussion on RF impacts and requirements for CA_n5-n28
	Huawei, HiSilicon
	Noted
	

	R4-2305378
	
	Discussion on RF impacts and requirements for CA_n8-n20-n28
	Huawei, HiSilicon
	Noted
	

	R4-2305379
	
	Discussion on candidate solutions and RF requirements for CA_n5-n8
	Huawei, HiSilicon
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-22xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-22xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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Introduction


 


This email discussion is to discuss 


enhancement for 700800900MHz band combinations


.


 


The targets of the two rounds in this meeting are as following,


 


·


 


1


st


 


round:


 


o


 


Discuss the issues for CA_n5


-


n8: LS, down selection, RF requirements.


 


o


 


Discuss the RF requirements for CA_n5


-


n28.


 


o


 


Discuss the RF requirements for CA_n8


-


n20


-


n28.


 


·


 


2


nd


 


round:


 


o


 


Approve the 


LS for CA_n5


-


n8


.


 


o


 


Approve the WF.


 


It is appreciated that the 


delegates for this topic put their contact information in the table below.


 


Contact information


 


Company


 


Name


 


Email address


 


vivo


 


Shuai Zhou


 


shuai.zhou@vivo.com


 


Skyworks Solutions Inc.


 


Dominique Brunel


 


dominique.brunel@skyworksinc.com


 


Nokia


 


Hiromasa Umeda


 


hiromasa.umeda@noki


a


.com


 


Qualcomm


 


Antti Immonen


 


aimmonen@qti.qualcomm.com


 


Meta Ireland


 


Suhwan Lim


 


suhlim@meta.com


 


Apple


 


James Wang


 


fucheng_wang@apple.com


 


 


 


 


 


Note:


 


1)


 


Please add your contact information in above table once you make comments on this email thread. 


 


2)


 


If multiple delegates from the same company make comments on single email thread, please add you name as 


suffix after company name when make comments i.e. Comp


any A (XX, XX)


 




3GPP TSG - RAN WG4 Meeting # 106bis - e                                                       R4 - 23 06193   Online, April 17  –   April 26, 2023     Agenda item:       4.30.3   Source:   Moderator ( CATT )   Title:   Email discussion summary for  [106 bis - e][ 1 13] FS_NR_700800900   Document for:   Information   0   Introduction   This email discussion is to discuss  enhancement for 700800900MHz band combinations .   The targets of the two rounds in this meeting are as following,      1 st   round:   o   Discuss the issues for CA_n5 - n8: LS, down selection, RF requirements.   o   Discuss the RF requirements for CA_n5 - n28.   o   Discuss the RF requirements for CA_n8 - n20 - n28.      2 nd   round:   o   Approve the  LS for CA_n5 - n8 .   o   Approve the WF.   It is appreciated that the  delegates for this topic put their contact information in the table below.   Contact information  

Company  Name  Email address  

vivo  Shuai Zhou  shuai.zhou@vivo.com  

Skyworks Solutions Inc.  Dominique Brunel  dominique.brunel@skyworksinc.com  

Nokia  Hiromasa Umeda  hiromasa.umeda@noki a .com  

Qualcomm  Antti Immonen  aimmonen@qti.qualcomm.com  

Meta Ireland  Suhwan Lim  suhlim@meta.com  

Apple  James Wang  fucheng_wang@apple.com  

   

  Note:   1)   Please add your contact information in above table once you make comments on this email thread.    2)   If multiple delegates from the same company make comments on single email thread, please add you name as  suffix after company name when make comments i.e. Comp any A (XX, XX)  

