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1. Introduction
Thread [132] includes following topics:
1. Topic #1: Work plan and general issues for Rel-18 UE RF FR1 (Agenda 11.6.1)
2. Topic #2: Issues for 4Tx (Agenda 11.6.2)
3. Topic #3: Issues for 8Rx (Agenda 11.6.3)
4. Topics #4: Issues for lower MSD (Agenda 11.6.4)
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: 
· General
· Agree on the work plan
· Try to reach consensus on the clarification issues for assumptions of CPE/FWA/vehicle/industrial devices
· 4Tx and 8Rx
· Try to reach consensus on the scope and priority for 4Tx and 8Rx
· Try to have a clear view on framework of requirements for 4Tx and 8Rx
· Lower MSD
· Try to reach consensus on handling of example band combinations for lower MSD
· Try to reach consensus on RF component assumptions for lower MSD analysis
· Try to reach consensus on methods to improve MSD
· Try to reach consensus on aspects to be considered for the potential lower MSD signalling
· 2nd round: 
· Try to have clear WFs for issues to be discussed in next meeting
It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	SoftBank-M
	Masashi Fushiki
	masashi.fushiki@g.softbank.co.jp

	Qualcomm (4TX, Low MSD)
	Chan Fernando
	mcfernan@qti.qualcomm.com

	LG Electronics
	Yoonoh Yang
	yoonoh.yang@lge.com

	China Telecom
	Shan YANG
	yangshan@chinatelecom.cn

	Qualcomm (8RX)
	Antti Immonen
	aimmonen@qti.qualcomm.com

	Vivo
	Sanjun Feng
	fengsanjun@vivo.com

	Xiaomi
	Shengxiang Guo
	guoshengxiang@xiaomi.com

	Skyworks
	Dominique Brunel
	dominique.brunel@skyworksinc.com

	Nokia
	Hiromasa Umeda
	hiromasa.umeda@nokia.com

	Huawei (Low MSD)
	Jin Wang
	jinwang@huawei.com

	Samsung(Low MSD)
	Yuanyuan(Tina) Zhang
	Tina55.zhang@samsung.com

	CMCC(low MSD)
	Chunxia Guo
	guochunxia@chinamobie.com

	Apple
	James Wang
	fucheng_wang@apple.com

	China Unicom
	Basaier Jialade
	basejld@chinaunicom.cn

	NTT DOCOMO
	Yuta Oguma
	Yuuta.oguma.yt@nttdocomo.com

	AT&T
	Ron Borsato
	ronald.borsato@att.com

	T-Mobile USA
	Bill Shvodian
	bill.shvodian@t-mobile.com

	Sony (Low MSD)
	Kun Zhao
	Kun.1.Zhao@sony.com

	Sony (8RX)
	Olof Zander
	Olof.zander@sony.com

	Ericsson 
	Stefan Cerovic
	stefan.cerovic@ericsson.com

	ZTE
	Wubin Zhou
	zhou.wubin@zte.com.cn

	SoftBank-K
	Kenichi Kihara
	kenichi.kihara@g.softbank.co.jp

	Meta
	Suhwan Lim
	suhlim@fb.com

	Huawei (Moderator)
	Ye Liu
	leo.liuye@huawei.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)

2. Topic #1: Work plan and general issues for UE RF FR1 (Agenda 11.6.1)
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2211749
	Assumptions on CPE/FWA/vehicle/industrial devices
	SoftBank Corp.
	Update of UE capability and RRC parameter name, according to the latest RAN2 specifications.  

	R4-2213725
	Work plan for Rel-18 FR1 UE RF enhancement
	Huawei, HiSilicon, NTT DOCOMO, INC
	Remove the remaining [] in intra-band NC UL CA requirements. 



Open issues summary
Sub-topic 1-1: Work plan for Rel-18 FR1 UE RF enhancement 
The proposed work plan covers 4Tx, 8Rx and lower MSD based on the agreed TU assignment.
Moderator’s recommendation:
· Recommended WF
· Agree the workplan in R4-2213725

	Company
	Comments

	
	

	
	

	
	



Sub-topic 1-2: Assumptions on CPE/FWA/vehicle/industrial devices 
Proposal-1: A clarification is needed how RF parts (PAs/filters) for R18 CPE devices are assumed, reusing handheld device parts or considering better parts through relaxed form factor.
Proposal-2: A clarification is needed whether R18 CPE devices should be subject to the duty cycle restriction against SAR.
Proposal-3: A clarification is needed whether R18 CPE devices could be subject to international roaming.
Proposal-4: Careful consideration is needed to designate R18 CPE devices.
Moderator’s recommendation:
· Recommended WF
· Collect views on the clarification issues raised in R4-2211749

	Company
	Comments

	Qualcomm
	A CPE may not necessarily roam but may be operated in different countries if it is used as a hotspot when traveling internationally.

	OPPO
	About proposal 1: RF components don’t have much impact with form factor, but antenna will, for example large size CPE need long routing cable and PCB trace which may cause larger IL especially when considering the SRS ILs.
About proposal 2: SAR is common for devices near human body, but for CPE the problem is small.
About proposal 3: Agree QC comment, CPE can work under different countries.
About proposal 4: Agree.

	Skyworks
	We agree with Qualcomm that (mobile) CPE (dongles, cards) may be used in a different country
We also think that for these to leverage the large volumes for smartphones for RFFE components, we should start from existing smartphone components. The main aspect for 8Rx and 4Tx is the antenna isolation that can be obtained in FWA/CPE case thanks to larger form factor and/or limited number of bands/band combinations supported
Obviously SAR needs to be revisited (especially if per UE / per antenna…) and may be different for dongles.

	Huawei
	For P1, we think that existing component assumptions for handheld UE can be reused for CPE. Similar to 4Rx for some operating bands, 4Tx itself already considers the form factor for CPE type UE.
For P2, SAR issue or duty cycle restriction/capability reporting may not need to be considered for CPE devices, anyway, UE can use P-MPR method if needed. The MPE compliance was considered for PC1.5 FWA.
For P3, basic assumption could be not subject to international roaming. 

	Intel
	P1: We agree that many existing UE RF parts will be re-used due to high volume cost reductions.  However, it is also reasonable to assume better discrete PA’s may be used and larger, higher-Q filters, antenna are possible with the larger form factor which allows more PCB space.
P3: We agree that CPE can work in different countries

	CHTTL
	Regarding P2, we also support to consider to refrain the duty cycle restriction for CPE under this topic if possible.
Regarding P3, one clarification question that Note 8 only mentions that PC1 UE is not targeted for smartphone form factor, does it also mean it does not support roaming?

	CMCC
	For proposal-2, we think SAR issue does not need to be considered for CPE type device.
For proposal-3, we are wondering does the roaming aspect impact RAN4 requirements?

	Meta
	For P1, RAN4 can define CPE/FWA assumptions (Antenna isolation, PCB isolation …) according to the scale of device formfactor. 
For P2, RAN4 do not need to consider SAR issue or duty cycle restriction for CPE since this device is far from human body.
For P3, why the international roaming is needed for CPE? Is this one of use case of CPE/FWA?

	AT&T
	P1: We think that we should assume higher performing parts in the areas that have the greatest impact on performance. We agree with the Intel comment that this is reasonable to assume better discrete PAs and higher-Q filters, and antennas (including antenna isolation). Also better PCB isolation should be assumed as previously agreed in RAN4 WF on CPE/FWA devices. Higher performance will be expected for these device classes based on their expected usage mode.
P2: SAR issue does not need to be considered.

	T-Mobile USA
	P1: We support better parts due to relaxed form factor.
P2: The FCC OET65c document say that a device that is at least 20 cm from the human body should be able to meet the SAR/MPR requirements at 2.5 WI EIRP (34 dBm)  / 1.5W (31.8 dBm) at 915 MHz.



Companies views’ collection for 1st round
Open issues 

CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	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.
	
	Status summary 

	Sub-topic#1
	Sub-topic 1-1: Work plan for Rel-18 FR1 UE RF enhancement
Tentative agreements:
The work plan is agreeable. 
Candidate options:
Recommendations for 2nd round:
No further discussion in 2nd round.

Sub-topic 1-2: Assumptions on CPE/FWA/vehicle/industrial devices
Tentative agreements:
Candidate options:
Proposal-1: A clarification is needed how RF parts (PAs/filters) for R18 CPE devices are assumed, reusing handheld device parts or considering better parts through relaxed form factor.
· Option 1: Existing component assumptions for handheld UE can be reused for CPE as RF components don’t have much impact with form factor, antenna isolation could be improved (OPPO, Skyworks, [HW])
· Option 3: Besides existing UE RF parts, some better performing parts could be considered as well, e.g. discrete PA, higher-Q filters, better antenna, etc. (Intel, AT&T, T-Mobile USA)
· Option 3: RAN4 can define CPE/FWA assumptions (Antenna isolation, PCB isolation …) according to the scale of device formfactor (Meta)
Proposal-2: A clarification is needed whether R18 CPE devices should be subject to the duty cycle restriction against SAR.
· Option 1: SAR needs to be revisited (especially if per UE / per antenna…) and may be different for dongles (Skyworks)
· Option 2: duty cycle restriction/capability reporting may not need to be considered for CPE devices, if needed, UE can use P-MPR method (HW)
· Option 3: No need to be considered for CPE type device ([OPPO], CMCC, Meta, AT&T)
· Option 4: SAR need to be considered. The FCC OET65c document say that a device that is at least 20 cm from the human body should be able to meet the SAR/MPR requirements at 2.5 WI EIRP (34 dBm)  / 1.5W (31.8 dBm) at 915 MHz (T-Mobile USA)
· Proposal-3: A clarification is needed whether R18 CPE devices could be subject to international roaming.Option 1: A CPE may not necessarily roam but may be operated in different countries (QC, OPPO, Skyworks) 
· Option 2: CPE/FWA UE is not subject to international roaming (HW, Meta)
· Option 3: Clarification whether roaming has impact to RAN4 requirements (CMCC, [CHTTL])
For the clarification questions on assumptions for CPE/FWA/vehicle/industrial devices, companies have different views. Some more discussion is needed.

Recommendations for 2nd round:
Further discussion in 2nd round based on the WF



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

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



Discussion on 2nd round (if applicable)
	T-doc number
	Company
	Proposals / Observations

	R4-22xxxxx
	SoftBank Corp.
	WF for assumptions on CPE/FWA/vehicle/industrial devices



WF for assumptions on CPE/FWA/vehicle/industrial devices
If any comments for the WF needed, please provide them here during 2nd round discussion.
	Company
	Comments

	SoftBank-K
	Apart from WF, let me give answers to the questions in the 1st round, on Proposal-3 above:
To CHTTL: unfortunately yes as our counterpart did not agree with rather explicit description. I guess our counterpart felt the same as CMCC this time.
To CMCC: For Japan specific, we need to be careful if A-MPR or P-max should be set for across the border devices, since products solely for Japan are likely to be designed to meet the domestic restrictions/limitations. (At present, Japan is exceptional in terms of its stringent max output power regulation.)

	Meta
	Proposal-1: Prefer option 3
Proposal-2 Prefer option 3
Proposal-3: Prefer option 2

	
	



Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Moderator’s summary:
The WF based on GTW discussion is agreeable according on 2nd round discussion.
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_104-e/Inbox/Drafts/%5B104-e%5D%5B132%5D%20FR1_enh2/Round2/WF/R4-221aaaa_AssmptionWF_v02_HW_SKW.docx
3. Topic #2: Issues for 4Tx (Agenda 11.6.2)
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2212096
	4 Tx RF issues
	Qualcomm Incorporated
	Observation 1: The Pas in 4 TX implementations will encounter mutual interference causing reverse IMDs to be created which may degrade the EVM of each Tx output.
Observation 2: Reverse leakage from interfering TXs will cause interference in the power control loop of individual Pas leading to errors in output power
Observation 3: RAN4 should determine whether 4X4 UL MIMO will be release independent from release 15 or will only be supported from release-18 onwards
Proposal 1: Down scope the current WID to retain only the first priority items. The second priority topics should be handled in a second WID once the specifications for the first priority issues are completed. 
Observation 4: Will the MPR tables for 2Tx be used for the 4Tx implementation or will a new set of MPR tables be defined for 4Tx?
Observation 5: Will 4 TX operation encompass 3-layer operation where one Tx is turned OFF?
Observation 6: Will 4 Tx on a given band reduce to 2 Tx operation for specific DLCA cases where 2 Rx may be reassigned to the other DLCA band?

	R4-2212186
	Discussion on 4Tx UE RF requirements
	LG Electronics
	Proposal 1: Define MOP requirements with UL MIMO configurations using 4-layer UL MIMO transmission 

with a codebook of  for 4x4 UL MIMO.
Proposal 2: Define MOP requirements for ULFPTx and single antenna port transmission with TxD for 4x4 UL MIMO.
Proposal 3: Consider TxD of 2 or TxD of 4 depending on PA configuration to support the same power class of 4x4 UL MIMO with a single antenna port.
Proposal 4: Define new PC1.5 MPR with an assumption of quadruple Tx for 4x4 UL MIMO.
· Consider 4x23dBm as baseline
· 2x23dBm+2x26dBm and 4x26dBm is not precluded.
Proposal 5: Define PC1.5 MPR for single antenna port transmission with TxD for 4x4 UL MIMO.

	R4-2212597
	Discussion on 4Tx on for CPE FWA vehicle industrial devices
	Xiaomi
	Observation 1: only PC3 2UL MIMO is supported for FDD bands in current spec.
Observation 2: the PA configuration of UL MIMO depends on the supported power class for 1Tx single carrier.
Proposal 1: only 4x23dBm PA configuration is assumed for FDD bands


	R4-2212712
	Discussion on 4Tx UE RF requirements
	ZTE Corporation
	Observation 1: The first priority is to define the RF requirements for 4*4 UL MIMO, and the PA/UE power class assumptions is 4*23dBm for PC1.5 TDD bands n41, n77/n78.
Observation 2: 2Tx UL MIMO UE RF requirements types can be reused for 4Tx UL MIMO.
Observation 3: Some updates should be needed to support 4Tx UL MIMO, such as number of layers/antenna connector, TPMI Index, etc.
Proposal 1: For PC1.5 TDD bands n41, n77/n78 supporting 4Tx UL MIMO, the lower MOP tolerance should be greater than or equal to 3 dB, where further analysis is required.
Proposal 2: The requirements for EVM and out of band emission/SE are keep unchanged, i.e. single band requirements are applied.
Proposal 3: MPR for PC1.5 with 4Tx may need to be re-visited.

	R4-2212803
	Impact analysis on 4Tx UE RF requirements
	vivo
	Observation 1: The 2Tx requirements have been developed throughout Rel-15/16/17.
Observation 2: For most Tx requirements, 2Tx requirements directly re-use 1Tx UE requirements, either per-UE or per-connector, without much analysis.
Observation 3: A lot of work has been done for 2Tx to develop MPR requirements.

Proposal 1: Considering 4Tx is a further extension to 2Tx, the analysis can be based on existing 2Tx requirements.
Proposal 2: Most of the 4Tx requirements can be developed by simple extension from 2Tx requirements.
Proposal 3: A framework is needed for MPR study for 4Tx.
Proposal 4: EVM/IBE may also need some more analysis.

	R4-2213311
	R18 Discussion on 4Tx FWA
	OPPO
	Observation 1:    1st priority of Rel-18 4Tx is to focus on UE with 4x23 Pas to support PC1.5 at bands n41/n77/n78 and works under 4x4 UL MIMO mode.
Observation 2:    2nd priority of Rel-18 4Tx includes many possible architectures which are quite complex and need to be further down selected.
Observation 3:    TxD is necessary to keep 4x23 UE to achieve same power class in UL MIMO and single antenna port, however, it is not included in the 1st priority.
Proposal 1:         In 1st phase only discuss PC1.5 UE with 4x23 PA configuration at bands n41/n77/n78 and focus on 4Layer UL MIMO requirements.
Proposal 2:        Leave TxD and fall back behaviour in 2nd phase.
Observation 4:    4Tx mainly impact the requirements which are defined under SUM of all Tx connectors, while requirements are defined under single Tx connector or per layer only need small updates.
Proposal 3:         Propose to review 4Layer UL MIMO requirements according to table 1.
Observation 5:    ULFPTx also need to be defined for 4Tx, but it is unclear whether it should be introduced in 1st priority or not.
Proposal 4:         Propose to define ULFPTx mode0/1/2 requirements for 4Tx in 2nd phase.
Proposal 5:       Use     as the codebook for 4Layer UL MIMO.


	R4-2213726
	On 4Tx UE RF requirements
	Huawei, HiSilicon
	Proposal 1: It is proposed that PC1.5 requirements for 4Tx UE are just based on 4x23dBm PA configuration, and no different requirements for different PA configuration implementation for this power class.
Proposal 2: PA configurations for other power classes can be further considered once the requirements for PC1.5 are completed.
Proposal 3: It is proposed to agree evaluation assumptions firstly for 4Tx, and the initial reference for the 4Tx MPR requirement could be that defined in Rel-16 for 2Tx PC1.5.
Proposal 4: It is proposed to only consider PC2 and PC3 as fallback power class for PC1.5 UE, and existing PC2/PC3 MPR/A-MPR requirements for 2Tx could be reused for the fallback mode for 4Tx PC1.5 UE.
Proposal 5: MIMO configurations should be updated for 4Tx to align with RAN1 specification.
Proposal 6: For PC1.5 UE supporting 4Tx ULFPTx modes, some PA configurations should be ruled out, and in turn it could affect the reported ULFPTx modes for 4Tx UE and reduce some unnecessary TPMI indexes.


	R4-2214067
	EVM for Transmit Diversity with 4Tx
	Lenovo
	Proposal:  For 4Tx transmit diversity, define EVM as 

where  is the EVM measured at the i-th antenna connector and  is the power measured at the i-th antenna connector.




Open issues summary
Sub-topic 2-1: Scope and priority
Issue 2-1-1: Scope reduction
· Proposal: Down scope the current WID to retain only the first priority items. The second priority topics be handled in a second WID once the specifications for the first priority issues are completed.
· Option 1: Yes. All second priority items should be removed from current WI.
· Option 2: No. This is a RAN level discussion.
· Option 3: Others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	SoftBank-M
	Support Option 2. It is not a RAN4 level discussion. 

	Qualcomm
	Option 1. We think that the scope of the WID is too broad to make meaningful progress in this WI. Therefore, we think that it is best to down scope the WID to only the first priority items.

	LG Electronics
	Support option 2. Second priority items should not be excluded according to the current WID.

	China Telecom
	From our perspective, the 2nd priority objectives on 4Tx/8Rx FDD band should be kept.

	OPPO
	Option 2.

	vivo
	Option 2. Scope discussion is RAN level, and reducing the scope in the very first meeting may be too conservative.

	Xiaomi
	Option 2

	Skyworks
	Unless some simplifying assumptions (larger antenna isolation for example) are agreed we think the scope is too large to leave every possibility on the table. It is important that we define a manageable set of issues.

	Nokia
	Option 3: Although the final decision is going to made in RAN, at least we support the proposal. We don’t need to necessarily remove the 2nd priority from the WID, but rather we should make clear that the 2nd priority is addressed once all the necessary requirements for the first priority items are completed. 

	Huawei
	Option 3. Though the WI scope is a RAN level discussion, at least in RAN4 we can further down select the power class as well as the possible UE architectures, and focus on the requirements for a reduced scope in this release.

	Intel
	Option 2: The scope is a RAN level discussion.  We can still focus on first priority items for the discussions.

	CHTTL
	Option 2.

	ZTE
	Option 2. 
But we support the idea of downscoping the WID. 
It was already noted in the WID: Objectives with 1st priority are considered first. So at this stage, we should only focus on the 1st priority.
The decision on the 2nd priority is pending on RAN discussion.

	CMCC
	Option 2

	NTT DOCOMO
	Option 3: The scope was decided by RAN through a long discussion, so we think basically we should keep the objective as it is in the WID at least in this first meeting. On the other hand, it would be needed to review it in the future RAN4 meeting considering the progress of the WI, and if RAN4 can make consensus on down scoping, then we can input it into RAN as RAN4 recommendation, in our understanding.

	Meta
	Option 2. RAN4 do our best for the current Objectives based on priority.

	AT&T
	Option 2. We also don’t see the need to start debate about downscoping at the very first RAN4 meeting.

	T-Mobile USA
	Option 2



Issue 2-1-2: Prioritized Scope
· Proposal: Whether The following scope is prioritized and started in the first stage. All the others should be left after the following requirements are complete.
· Bands n41, n77/n78
· 4x4 UL MIMO (4 layers)
· UE power class: PC1.5
· PA configuration: 4x23dBm

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	SoftBank-M
	We are fine with the moderator’s recommendation since it follows the current WID.

	Qualcomm
	We would prefer to see the WID down scoped as per option1 in issue 2-1-1. However, if that cannot be done then we agree with this proposal of concentrating on the above-mentioned items first.

	LG Electronics
	According to ‘Note 1’ in the current WID, the first priorities need to be specified. However, it does not mean to prevent to specify the requirements of 2nd priorities in Rel-18.
· NOTE1: Requirements are specified with phase approach. Objectives with 1st priority are considered first.
In addition, for 4x4 UL MIMO, UL Full power transmission mode and Fall back mode needs to be considered together. 

	China Telecom
	It is reasonable to start the 1st priority objectives first, but it is not necessary to start the others after the 1st priority objectives are completely finished (will face the risk that no time for 2nd priority objective in Rel-17)

	OPPO
	Support the proposal. According to our analysis the scenarios will be very complex if further consider the 2nd priority conditions like Txd, ULFPTx, different PA configurations, different Ports and fall back behaviors, and so on. To be focus and make meaningful progress, concentrate on the above proposal is needed.

	Vivo
	Slightly more area can be considered in the first stage in addition to the proposal, such as more modes for UL-MIMO, but too large scope would be a risk. 

	Xiaomi
	Ok with the proposal.

	Skyworks
	Provided we have agreements on a simplifying set of assumptions, we are fine with this proposal

	Nokia
	Need clarification on UL Full power transmission mode and fall back mode handling.  Is it correct understanding that the proposal does not include ULFPTx, though it includes 4 x 4 UL MIMO?

	Huawei
	We are fine with the listed scope in proposal. As commented by Qualcomm, if the WI objective cannot be down scoped to proposal 1, at least we should not consider other PA configurations before the requirements for 4x23dBm are finished. 

	Intel
	We agree to this list of initial priorities

	ZTE
	We have similar observation as the proposal, and it is also consitent with NOTE 1 in the WID.
· NOTE1: Requirements are specified with phase approach. Objectives with 1st priority are considered first.

	CMCC
	We are fine to consider the listed scope at the first stage.

	Apple
	We are fine with the proposal.

	NTT DOCOMO
	We are OK with the proposed prioritization, but we have similar concerns with China Telecom.

	Meta
	We are fine with the moderator proposal.

	AT&T
	We support the moderator proposal. We also fully agree with the LGE comment on Note 1 in the WID. FDD is included in the WID and desired in the Rel-18 timeframe.

	T-Mobile USA
	We support the proposal. 




Issue 2-1-3: Scope clarification-3layers
· Proposal: Will 4 TX operation encompass 3-layer operation where one Tx is turned OFF?
· Option 1: Yes. 
· Option 2: No. 
· Option 3: Others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 3:We think that this topic can be deprioritized. We should concentrate on the first priority items first and then handle this issue later.

	LG Electronics
	We think it is possible. However, we would like to deprioritize it considering other issues to be discussed.

	China Telecom
	Agree with the above comments to deprioritize 3Tx with 3-layer, which requires other WG impact as well.

	OPPO
	3layer, 2layer, 1layer can be achieved via 4port configuration in RAN1 for 4Tx UE. This can be further considered in 2nd phase in the fallback discussion.

	Vivo
	Option 2. We think RAN1 still do not have specific codebook design for 3-layer operation, and RAN4 do not need to consider it.

	Xiaomi
	Not sure it is in the scope of the WID, this topic shall be deprioritize.

	Skyworks
	This can de-prioritized and picked up later if times allows

	Nokia
	Option 2. On the way to reaching a consensus of the objectives in this WI, 3 layer operation was proposed but it dropped.

	Huawei
	We also think that 3 layers should be deprioritized. 

	Intel
	Option 3, 3-layer should be deprioritized, in the long term it should not be precluded, but should not be a focus initially

	CHTTL
	Option 3, in our understanding, 3-layer transmission is included in the 4Tx operation but one of the Tx is not turned off to support different precoding matrices.

	ZTE
	Agree with other companies that deprioritize this topic.

	CMCC
	Option 2.

	NTT DOCOMO
	Option 2: We think 3 layer operation would have impact on RAN1 since 3 layers codebook is not introduced in RAN1. 

	Meta
	This is up to RAN1 progress and then we can further discuss.

	AT&T
	Option 3 as noted by Qualcomm.

	T-Mobile USA
	We support Option 3 from Qualcomm. 



Issue 2-1-4: Scope clarification-DLCA
· Proposal: Will 4 Tx on a given band reduce to 2 Tx operation for specific DLCA cases where 2 Rx may be reassigned to the other DLCA band? (Reference to R4-2212096)
· Option 1: Yes. 
· Option 2: No. 
· Option 3: Not clear what the question is;
· Option 4: Others.

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 4: We do not see any reason for having the UL use 4 channels when the DL is only assigned 2 Rx channel in certain DLCA cases.  However, as DLCA operation is not in the scope of this WI then this item can be resolved later when a WID for CA with 4 TX is defined.

	LG Electronics
	Proposal(question) is not clear. Is there relation to specific DL CA cases? 

	OPPO
	Option 4, This is not within the scope of 4Tx where it is single CC.

	vivo
	Option 4. If this is CA related discussion, seems not in the scope of this WI.

	Xiaomi
	It is not clear for us, CA case is not included in the WID.

	Skyworks
	DL CA not in scope right now thus we can leave this for now.

	Nokia
	Option 4: The scope is only for single carrier. We don’t need to discuss this.

	Huawei
	Similar concern as LGE, the intention of the proposal is not clear. As mentioned in Issue 2-1-2, 4x4 MIMO is considered, in that case, it is not expected that the UE supports 4Tx but only 2Rx. Some further clarification is needed. 

	Intel
	Option 3 – It makes sense that a device with 4Tx should drop to 2Tx operation in the event of DLCA.  Yet it is not clear that this is the question or if it should be discussed until we focus on DL CA.

	CHTTL
	Option 2 or Option 3 not clear as similar view as LGE.

	ZTE
	Option 4. Out of the WID scope. WID is for single carrier

	CMCC
	Agree with other companies. DL CA is not in the scope of 4Tx.

	NTT DOCOMO
	Option 3; We are still not sure if we understand the intention of the question correctly. Need further clarification.

	Meta
	Option 3.

	AT&T
	Option 3.

	T-Mobile USA
	Option 2: No. If the DL resources are assigned to another band or another CC, we don’t see a reason for the Ul configuration to be limited to 2 Tx. There might be CA on the DL but not the UL.



Sub-topic 2-2: 4Tx extention principles
Issue 2-2-1: How to extend the requirements from 2Tx to 4Tx?
· Proposal: The principles of per-UE requirement (sum the power of all connectors) and per-connector requirement can basically be reused for 4Tx compared 2Tx requirements.(Details reference to R4-2212803, R4-2212712, R4-2213311 )
· Option 1: Yes.
· Option 2: No. 
· Option 3: Others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	SoftBank-M
	Support Option 1.

	Qualcomm
	Option 3: This in principle should be fine, but we think that it does not need to be agreed at this stage of the WI. There may be other issues that come up during this WI that may impact this decision.

	LG Electronics
	Option 3. Same view with QC.

	OPPO
	Option 1 in principle. And our paper has given an overall of the requirements for 4Tx.

	Vivo
	Prefer option 1 to facilitate the work. However, can also accept to postpone a formal decision, if more issues to be discussed.

	Xiaomi
	Option 3. Same view with QC.

	Skyworks
	If antenna isolation assumptions can be improved the impact on emissions may be neglected and requirement measured by group of two antennas. So fine with option 3 for now. We also want to mention that if we have been able to do reverse IMD measurement with two Pas it does not seem an easy step to measure/simulate 4Pas being coupled.

	Nokia
	Option 3: The principle of the proposal would look reasonable, but not sure if all the requirements are reflected in the spec in the same manner or not at this stage.

	Huawei
	In general, the principles to reuse 2Tx requirements and methodology are ok when defining the 4Tx requirements. If some requirements cannot follow the methodology used for 2Tx, they can be discussed case by case.

	Intel
	Option 1 – We agree that where feasible, it is best to re-use existing 2Tx requirements, as this keeps the specification clear and logical.  Yet for items where reverse isolation plays a significant role, it will be necessary to make accommodations.

	CHTTL
	Support option 1

	ZTE
	Perfer Option 1. In principle, 4Tx should resue the RF framework of 2Tx, and we may only focus on the possible RF requirements which are specfic to 4Tx. We can also fine to make decision later.

	Apple
	We assume it is to reuse 2Tx requirements framework, not exactly to reuse 2Tx requirements for 4Tx.

	NTT DOCOMO
	Option 1. At least, maximum output power, out of band emission, spurious emission should be per UE based. 

	Meta
	 Basically, we are fine with option1. But specific cases for TxD requirements with 4Tx shall be further discussed. 

	AT&T
	We support Option 1. If any future discussion is held to reconsider the principles, careful consideration should be made as noted in the NTT DOCOMO comments.

	T-Mobile USA
	Option 1. To Apple, Yes, it says the principles of per-UE requirements, not the requirements. 



Sub-topic 2-3: Requirements related
Issue 2-3-1: UL-MIMO codebook
· Proposal: Using the following codebook for 4-layer 4x4 UL MIMO transmission:
· 
· Option 1: Yes.
· Option 2: No. 
· Option 3: Others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 1

	LG Electronics
	Support option 1

	China Telecom
	Ok with option 1 for the RF requirements

	OPPO
	Option 1.

	vivo
	Option 1. Seems to be straight forward.

	Xiaomi
	Option 1

	Huawei
	Option 1

	Intel
	Option 1: Yes

	ZTE
	Option 1: Yes

	CMCC
	Option 1

	Apple
	Option 1

	NTT DOCOMO
	Option 1



Issue 2-3-2: MPR requirements framework
· Proposal: 4Tx MPR need to be re-visited compared to 2Tx.
· Option 1: Yes.
· Option 2: No. 
· Option 3: Others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 1. 4Tx MPR needs to be investigated further

	LG Electronics
	Support Option 1

	OPPO
	Option 1.

	vivo
	Option 1.

	Xiaomi
	Option 1.

	Skyworks
	Depending on antenna isolation assumptions, MPR for 4Tx may need a specific study or can be derived from 2Tx at least

	Nokia
	Option 3: It depends on study…

	Huawei
	Option 1. Usually the MPR for multiple Tx should be evaluated by measurement, thus the evaluation assumptions should be determined firstly if some measurement is necessary. 

	Intel
	Option 1: Yes MPR will need to be revisited for 4Tx

	ZTE
	Option 1: Yes.

	CMCC
	Option 3: Study is needed to conclude this.

	Apple
	Option 1

	NTT DOCOMO
	Option 3: Study is needed. Whether MPR for 4Tx is changed from that of 2Tx depends on the study outcome. 

	Meta
	Option 1. Revised IMD problem is different with 2Tx and 4Tx.

	AT&T
	Option 1. Need to also consider with improved assumptions per our earlier comments.

	T-Mobile USA
	Option 1. 



Issue 2-3-3: lower MOP tolerance
· Proposal: For PC1.5 TDD bands n41, n77/n78 supporting 4Tx UL MIMO, the lower MOP tolerance should be greater than or equal to 3 dB.
· Option 1: Yes.
· Option 2: No. 
· Option 3: Others
· Option 4: Can be postponed

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 1. Further investigation of the value for the lower limit needs to be done.

	OPPO
	Option 1.

	vivo
	Option 4. Sees a very detailed issue, and not have to be concluded now.

	Xiaomi
	Option 1.

	Skyworks
	This should be studied and depends on requirement being measured as the sum of 4 or not.

	Nokia
	Option 4: It’s too early to draw a conclusion.

	Huawei
	Prefer option 1. May need some further discussion.

	ZTE
	Option 1. further discussion is needed.

	Meta
	Option 4. Same view with vivo and Nokia

	AT&T
	Option 4.

	T-Mobile USA
	Option 4



Issue 2-3-4: EVM for Transmit Diversity with 4Tx
· Proposal: For 4Tx transmit diversity, define EVM as 

where  is the EVM measured at the i-th antenna connector and  is the power measured at the i-th antenna connector.
· Option 1: Yes.
· Option 2: No. 
· Option 3: Others
· Option 4: Can be postponed since TxD is not the 1st priority.

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	OPPO
	Option 1, similar as 2TxD, but also ok with Option 4.

	vivo
	Option 4.

	Xiaomi
	Option 4.

	Huawei
	Prefer to have more time to further analyze if the method we adopted for 2Tx is still ok for 4Tx.

	Intel
	Option 4: Can be postponed since TxD is not the 1st priority.

	ZTE
	Option 4. It is related to TxD, but TxD is for 2nd  priority

	Meta
	Option 4. 

	T-Mobile USA
	Option 4



Sub-topic 2-4: Release independency
Issue 2-4-1: Release independency
· Proposal: RAN4 should determine whether 4X4 UL MIMO will be release independent from release 15 or will only be supported from release-18 onwards.
· Option 1: Yes.
· Option 2: No. 
· Option 3: Others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	SoftBank-M
	From operator’s perspective, we prefer from Rel-15. But we are open to discuss this topic. 

	Qualcomm
	Option 1: As RAN1/2 already have specifications for 4X4 UL MIMO from rel-15 it would seem logical for RAN4 to support this feature from the same release

	LG Electronics
	We need to check there is any issues or not for release independent. If any issue is identified and it cannot be supported from Rel-15, it can be release-18 onwards.

	China Telecom
	Support to be release independent from Rel-15.

	OPPO
	In principle ok with release independent from Rel-15, but need to wait for the requirement definition and whether there is new signaling, etc. will cause the NBC issue.

	vivo
	Option3. It is possible to be release independent, but more analysis may be needed and no need to conclude in first meeting. 

	Nokia(HU)
	Option 3: It’s too early and not urgent to conclude this while we understand this is an item that we need to address during this WI. Does the said 4 x 4 UL MIMO in the proposal exclude ULFPTx? Also it would depend on from which release 4 Tx PC1.5 CPE device is release independent. 

	Huawei
	We prefer to further think the release independent issue after completion of the requirements. Whether it can be release independent also depends on if any new signaling are introduced during the study.

	CHTTL
	Prefer to be release indeq from Rel.15, as it seems no additional signaling needed.

	ZTE
	Maybe it is release independent from release 15, but we would like not to make decision now, as similar comments as others companies.

	CMCC
	Support to have release independent from Rel-15.

	NTT DOCOMO
	Agree with Huawei. 

	Meta
	Other WGs specification status shall be considered.

	AT&T
	Support Option 1.

	T-Mobile USA
	Support Option 1




Companies views’ collection for 1st round
Open issues 

CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	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.
	
	Status summary 

	Sub-topic#2-1
	Issue 2-1-1: Scope reduction
Majority companies support option 2, which do not want to do down scope discussion in RAN4 currently. Only a few companies prefer to try to reduce the scope.
Tentative agreements:
Do not consider scope reduction for the WID in this meeting.
Candidate options:
Recommendations for 2nd round:
No more discussion in 2nd round.

Issue 2-1-2: Prioritized Scope
Majority companies support the proposed scope which is based on the first priority scope to be prioritized. The scope need further clarification on ULFPTx and its fallback mode for 4x4 UL-MIMO. Some companies express concerns on start next phase work after the completion of the prioritized scope, and one company thinks FDD for UL-MIMO is also needed.
Tentative agreements:
The following scope is prioritized and started in the first stage:
· Bands n41, n77/n78
· 4x4 UL MIMO, including: 4 layers; [ULFPTx Modes and its fallback mode]
· UE power class: PC1.5
· PA configuration: 4x23dBm
Other would still be considered, but after the requirements are complete for prioritized scope.
Candidate options:
Recommendations for 2nd round:
Discuss whether and what ULFPTx Modes and its fallback mode for UL-MIMO can be considered in the first stage. Confirm whether the tentative agreements are agreeable.

Issue 2-1-3: Scope clarification-3layers
Some companies believe 3 layers was not supported by RAN1, one company point out this has been dropped during scope discussion. Some companies think related discussion should be deprioritized after the 1st phase. No company intend to start this work in the 1st phase.
Tentative agreements:
Do not consider 3-layer in this WI as it has RAN1 impact.
Candidate options:
Recommendations for 2nd round:
No more discussion in 2nd round.

Issue 2-1-4: Scope clarification-DLCA
Majority companies either believe that CA is out of the scope of this WI, or do not quite understand the intention.
Tentative agreements:
Do not consider the clarification at this stage.
Candidate options:
Recommendations for 2nd round:
No more discussion in 2nd round.


	Sub-topic#2-2
	Issue 2-2-1: How to extend the requirements from 2Tx to 4Tx?
Majority companies accept the general guideline, but many of them also think exceptions might be possible for certain condition. It might be not necessary to make a definitive agreement on this principle, and requirements can be discussed case by case.
Tentative agreements:
Though most cases, the extension principle of per-UE/per-connector requirement can be reused for 4Tx compared to 2Tx requirements, a formal agreement on the extension principle may not appropriate since exceptions may not be fully precluded in such an early stage.
Candidate options:
Recommendations for 2nd round:
No more discussion in 2nd round.


	Sub-topic#2-3
	Issue 2-3-1: UL-MIMO codebook
All companies agree the proposal.
Tentative agreements:
Using the following codebook for 4-layer 4x4 UL MIMO transmission:
· 

Candidate options:
Recommendations for 2nd round:
No more discussion in 2nd round.

Issue 2-3-2: MPR requirements framework
All the companies agree that 4Tx MPR need to be studied further before any conclusion can be made. However, currently there is still no detailed framework proposals yet.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
MPR requirements framework can be raised int the 2nd round, and should be an important topic in the next meeting.

Issue 2-3-3: lower MOP tolerance
Some companies think the proposal is reasonable, but majority companies either think more investigation is needed, or this is too early to draw a conclusion in such a detailed issue.
Tentative agreements:
Postpone the discussion.
Candidate options:
Recommendations for 2nd round:
No more discussion in 2nd round.

Issue 2-3-4: EVM for Transmit Diversity with 4Tx
Majority companies think this should be postponed since TxD is not 1st priority.
Tentative agreements:
Discussion of EVM for Transmit Diversity with 4Tx is postponed.
Candidate options:
Recommendations for 2nd round:
No more discussion in 2nd round.


	Sub-topic#2-4
	Issue 2-4-1: Release independency
While many companies think release independency from Rel-15 is feasible, still some companies believe that it is more appropriate not to make conclusion at this early stage, since there might be other impact such as new signalling etc.
Tentative agreements:
Do not conclude this issue, and discuss the release independency of 4Tx in a later stage.
Candidate options:
Recommendations for 2nd round:
No more discussion in 2nd round.



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

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



Discussion on 2nd round (if applicable)
	T-doc number
	Company
	Proposals / Observations

	R4-22xxxxx
	vivo
	WF on FR1 4Tx UE RF requirements



WF on FR1 4Tx UE RF requirements
If any comments for the WF needed, please provide them here during 2nd round discussion.
	Company
	Comments

	Meta
	See our comment in the WF

	Skyworks
	It seems v13 does not capture GTW agreements yet.

	
	



Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Moderator’s summary:
The WF based on GTW discussion is agreeable according on 2nd round discussion.
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_104-e/Inbox/Drafts/%5B104-e%5D%5B132%5D%20FR1_enh2/Round2/WF%204Tx/draft_R4-2214450_WF%20on%20FR1%204Tx%20UE%20RF_clean.doc

Comments transferred from draft WF
Prioritized Scope
· Tentative agreements in 1st round discussion:
The following scope is prioritized and started in the first stage:
· Bands n41, n77/n78
· 4x4 UL MIMO, including: 4 layers; [ULFPTx Modes and its fallback mode]
· UE power class: PC1.5
· PA configuration: 4x23dBm
Others would still be considered, but after the requirements are complete for prioritized scope.
	Company
	Comments

	Skyworks
	Given the agreed 4x23dBm PA configuration, ULFPTx and fallback modes should be easy to derive for next meeting.

	Intel
	Prefer to keep the ULFPTx modes optional at this time

	LGE
	Fine to consider ULFPTx and fallback modes.

	Meta
	Only consider PC1.5 with 4x23dBm? we can focus on the 4x23dBm is fine to us in 1st stage. 

	Nokia
	We support removing [ ] of the 2nd sub-bullet as well as focusing on “consider other requirements only after complete requirements of prioritized scope“.

	OPPO
	ULFPTx Modes looks simple for PC1.5 with 4x23dBm PA, mode 1? but when we specify the ULFPTx modes for 4Tx we also need to consider the cases when it fallback to 2ports, and 3ports. 
4Tx UE can be configured with 4port, 2port or 1port (with different TPMI configurations in RAN1 spec), and different Layers in each antenna configuration can be supported, for example:
· 3Layer with 4port configuration
· 2Layer with 4port configuration
· 1Layer with 4port configuration
· 2Layer with 2port configuration
· 1Layer with 2port configuration
· 1Layer with 1port configuration …
Then this UE can have variants like 23+23, 23+26, 26+26, together with TxD. Situation will be complex. 
Therefore, in our view, it would be better to consider the ULFPTx and its fallback behavior in the 2nd phase.

	ZTE
	Fine to consider ULFPTx.

	Xiaomi
	We are fine the moderator’s “consider other requirements only after complete requirements of prioritized scope“ and leave the ULFPTx Modes and its fallback mode for further discussion.

	vivo
	Considering the fact that ULFPTx Modes and its fall back modes are rather complicated, it is suggested to postpone them to the next meeting ,and keep them in square brackets.

	Huawei
	If ULFPTx is considered in 1st phase, we prefer to only consider mode 1, other modes should be considered in 2nd phase. Or all ULFPTx modes are deferred to 2nd phase is also fine for us.

	Qualcomm
	We are Ok to consider ULFPTX and fall back modes



Scope clarification-3layers
· Tentative agreements in 1st round discussion:
Do not consider 3-layer in this WI as it has RAN1 impact.
	Company
	Comments

	Meta
	We can support moderator proposal

	Nokia
	We support the proposal by the moderator.

	OPPO
	Though we do not have strong concern of excluding 3Layer from this WI, it already been supported by RAN1 spec with UE configured with 4 antenna ports but 3Layer as commented in section 1.2, the TPMI code book is already been in RAN1 from Rel-15.

	
	

	Vivo
	Though RAN1 do not have 3Tx codebook, they indeed have codebooks for 4port but 3layer transmission for ULFPTx etc. Still, we think those are not that necessary and certainly not be prioritized, and even those tentative needs might be discussed with ULFPTx modes and their fall back mode.

	Huawei
	We support the proposal.

	NTT DOCOMO
	We are OK with the proposal.

	Qualcomm
	We are Ok with this proposal



MPR requirements framework
· Proposal: 4Tx MPR need to be re-visited compared to 2Tx.
Recommendations for 2nd round:
MPR requirements framework can be raised int the 2nd round, and should be an important topic in the next meeting.
	Company
	Comments

	Skyworks
	MPR for 4Tx should be based on 2Tx PC1.5 FWA case (ie for higher antenna isolation for FWA)

	LGE
	MPR for 4Tx should be studied. Because, 4x23dBm is different from 2x26dBm.

	Meta
	2Tx MPR and 3Tx MPR shall specified as separately based on the detail simulation assumptions.

	Nokia
	We propose to further discuss feasibility of antenna isolation for CPE deice in the future meetings.
Based on the outcome, RAN4 decides if MPR for 4Tx should be based on 2Tx PC1.5 CPE or not.

	OPPO
	It can be discussed further on the framework in next meeting with concrete proposals.

	ZTE
	MPR for 4Tx should be studied, pending on the PA architecture/power class.

	Xiaomi
	The detail assumptions for the evaluations could be discussed in the next meeting.

	vivo
	It is likely that details would need to be discussed in next meeting.

	Huawei
	MPR for 4Tx should be further evaluated based on evaluation assumptions, which includes some RF component assumptions as well as the measurement/simulation assumptions. 2Tx PC1.5 MPR defined in Rel-16 could be considered as a starting point for further evaluation. 

	Qualcomm
	Development of 4Tx MPR needs to be studied further



4. Topic #3: Issues for 8Rx (Agenda 11.6.3)
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2212014
	On 8Rx for CPE FWA vehicle Industrial devices
	Samsung
	Observation 1: The difference of ΔRIB,4R between MH band and VH band(＞2.6GHz) is 0.5, for both LTE and NR.
Observation 2: ΔRIB,4R of NR reuse the value of LTE ΔRIB,4R
Proposal 1: For the TDD example band n77/n78, ΔRIB,8R could be considered as -4dB. 
Proposal 2: -4.5dB could be considered as starting point for n7 ΔRIB,8R.
Observation 3: T1r8, t2r8, t4r8 have already been defined as feasible configurations that the UE antenna switching capability could indicate. 
Proposal 3: ∆TRxSRS is expected to be applicable for t1r8 and t2r8 after the general requirements for 8 antennas been defined in RAN4:
e) UE transmits SRS on the second, third, fourth, fifth, sixth, seventh and eighth SRS resources of the total 8 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as 't1r8' 
f) UE transmits SRS from the second SRS port pair on the second, third and fourth SRS resources in every configured SRS resource set consisting of two SRS ports when the SRS-TxSwitch capability is indicated as ' t2r8'.
Proposal 4: NR 8Rx feature could be defined as release independent from Rel-15 if needed.

	R4-2212561
	Discussion on NR 8Rx
	ZTE Corporation
	For UE RF requirements：
REFSEN：
Observation 1. REFSEN should be redefined to support 8Rx
Proposal 1. To introduce a new term of ‘ΔRIB,8R’ 
Proposal 2. Use ΔRIB,8R = -4dB for band n41, n77/n78 and ΔRIB,8R = -4.5dB for band n7 as starting point and to check/study more stringent values.
∆TRxSRS：
Proposal 3. New srs-TxSwitch signaling to include 8Rx needs to be defined.
Proposal 4. 3dB ∆TRxSRS can be reused for n7/n41/n77/n78 supporting 8Rx.
For BS performance requirements：
Static propagation conditions:
Observation 2. Define static propagation conditions for 8Rx, include 1 port、2 port、4 port and 8port.
Proposal 5. Define the following H matrix as 8Rx static channel matrix.
For 1 port transmission the channel matrix is defined in the frequency domain by

.
For 2 port transmission the channel matrix is defined in the frequency domain by

.
For 4 port transmission the channel matrix is defined in the frequency domain by

.
For 8 port transmission the channel matrix is defined in the frequency domain by


MIMO Channel Correlation Matrices:
Observation 3. Define MIMO channel correlation matries RgNB and RUE for 8Rx.
Proposal 6. Define the following matrix RgNB and RUE as MIMO channel correlation matries.




Proposal 7. Define 8Rx performance with low MIMO channel correlation.

	R4-2212804
	Impact analysis on 8Rx UE RF requirements
	vivo
	Observation 1: It is expected that 8Rx should also mainly impact the reference sense part and SRS antenna switching relaxation.
Observation 2: Reference sensitivity can be defined as an offset of 2Rx requirements, which is similar to 4Rx case.
Table 7.3.2-X: Eight antenna port reference sensitivity allowance ΔRIB,8R
	Operating band
	ΔRIB,8R (dB)

	n7
	TBD

	n41
	TBD

	n77, n78
	TBD


Observation 3: An analysis of ∆TRxSRS would be needed for SRS antenna switching for 8Rx.

	R4-2213193
	Considerations on 8RX UE RF requirements
	Qualcomm Finland RFFE Oy
	Observation 1: At least REFSENS for 8RX should be specified and verified
Observation 2: Which RF requirements to be specified in addition to REFSENS should be discussed. How to limit the additional verification burden between 2RX/4RX/8RX should be discussed together with that.
Observation 3: The ∆TRxSRS dB-values for new 1T8R and 2T8R configurations should be discussed to see if existing values used for 2RX and 4RX SRS can be applied for 8RX SRS or not
Observation 4: Practical implementation aspects should be accounted in REFSENS proposals along with the general parameters to be used in 8RX REFSENS

	R4-2213312
	R18 Discussion on 8Rx FWA
	OPPO
	Observation 1:    -4dB for delta RIB,8R was defined for LTE considering the IL differences among different Rx paths and similar issues exist in NR CPE/FWA and could be even worse.
Proposal 1:         define delta RIB,8R for NR CPE/FWA as -4dB.

Observation 2:    Rel-17 SRS antenna switch capability is reported via bit map approach, and can support any fallback SRS switch capability reporting.
Observation 3:    Rel-17 SRS antenna switch capability reporting signaling can support any kind of fallback SRS antenna switch capability indication.
Proposal 2:         8Rx SRS IL should consider all the possible fall back scenarios:
· SRS IL for t4r8
· SRS IL for t4r8 and t2r8
· SRS IL for t4r8 and t1r8
· SRS IL for t4r8 and t2r8 and t1r8
· SRS IL for t2r8
· SRS IL for t2r8 and t1r8
· SRS IL for t1r8
Proposal 3:         Before at least one power class for 4Tx is complete, the 8Rx SRS IL discussion can focus on the below scenarios:
· SRS IL for t2r8
· SRS IL for t2r8 and t1r8
· SRS IL for t1r8
Observation 4:    SRS IL analysis should consider the ILs caused by switches, filters, the PCB trace/RF cable/routing losses, and also the PA impacts like TxD and PC2, etc.
Proposal 4:         The additional IL for t1r8 is 4dB @3.5GHz, and 5dB @4.9GHz when SRS transmits to the antenna other than the main antenna.
Proposal 5:         The additional IL for t2r8 is 3dB @3.5GHz, and 3.5dB @4.9GHz when SRS transmits to the antenna other than the main antennas.
Observation 5:    For UE with t2r8 and t1r8 SRS switch capabilities and also the capability of switched PA transmission, the SRS IL can be same as t2r8 SRS IL, i.e. 3dB @3.5GHz, and 3.5dB @4.9GHz.
Observation 6:    For UE with t2r8 and t1r8 SRS switch capabilities but without the capability of switched PA transmission, the SRS IL is 5dB@3.5GHz and 6dB@4.9GHz.
Observation 7:    Two approaches to handle UE with or without switched PA transmission in t2r8 and t1r8:
· One is to define new capability for switched PA transmission in t1r8 and introduce two requirements.
· The other is to define one requirement accommodate different implementations.
Proposal 6:         The additional IL for t2r8 and t1r8 is defined as 5dB@3.5GHz and 6dB@4.9GHz for all UEs.
In summary, the SRS additional IL is shown in table 4 with different SRS transmission capabilities.
Table 4 Summary of additional ILs for different SRS transmission capabilities
	UE capability
	Additional IL @ 3.5GHz
	Additional IL @ 4.9GHz

	t1r8
	4 dB
	5 dB

	t2r8
	3 dB
	3.5 dB

	t2r8 and t1r8
	5 dB
	6 dB




	R4-2213727
	On FR1  8Rx UE RF requirements
	Huawei, HiSilicon
	Observation 1: In LTE phase, 4dB delta comparing to 2Rx REFSENS, i.e. ΔRIB, 8Rx = -4dB was specified for Band 41, 42 and 43.
Observation 2: LTE conclusion for CA scenario: when no exception is allowed, the REFSENS for the 8Rx capable band is tightened with the same value as ΔRIB, 8Rx for single carrier.
Observation 3: Currently the ΔTRxSRS for xT4R AS-SRS can only differentiate the insertion loss for different frequency range, but not the exact value for different Tx chain considering real UE implementation.
Proposal 1: For NR, ΔRIB, 8Rx could be further discussed since CPE/FWA UE architecture may have been upgraded.
· Simulation inputs might be needed for the network performance evaluation regarding 8Rx UE.
Proposal 2: For NR, the band combination which will support 8Rx shall be proposed by operators based on demands, not all of band combinations automatically support 8Rx if any component carrier supports 8Rx.
Proposal 3: For a UE indicating the support of TxD and 1T8R AS-SRS, the ΔPPowerClass applied for PCMAX_H,f,c and PCMAX_L,f, could be reviewed.
Proposal 4: The ΔTRxSRS for xT8R can be further discussed.

	R4-2213969
	Initial discussion on enabling 8Rx for CPE/FWA/vehicle/industrial devices in FR1
	Ericsson Limited
	Observation 1: For FWA devices the expected improvement for a reference sensitivity is in a range between 0 and 3 dB compared with ΔRIB,4R value.
Proposal 1: Remove the requirement for a guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage. That will allow the base station to have an accurate and timely CSI based on SRS sounding, which is especially important for a UE configured with xTyR where y≥4. 



Open issues summary
Sub-topic 3-1: RF requirements for 8Rx supporting band
Issue 3-1-1: How to determine the ΔRIB, 8R?
· Proposal: Discuss on which one of the following options could be adopted.
· Option 1:  Take the ΔRIB, 8R defined for LTE as baseline, e.g., consider -4dB for band n77/n78, -4.5dB could be considered as starting point for band n7 (R4-2212014/R4-2212561).
· Option 2: Apply ΔRIB, 8R = -4dB for all example bands (R4-2213312).
· Option 3: ΔRIB, 8R has 0 ~ 3 dB improvement compared with ΔRIB, 4R. The exact value needs further discussion (R4-2213969).
· Option 4: Need more discussion/evaluation (R4-2212804/R4-2213193/R4-2213727).

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 4. It’s a good idea to spend some time on this and not simply to reuse something that was specified in LTE. Related to ΔRIB, 8R and hence REFSENS, we should also agree of if/what other RF RX requirements are specified for 8RX for which REFSENS would be linked to. 

	OPPO
	Option 2 and Option 1 both ok. Ddifferent ILs and also potential couplings among Rx paths in the RFFE due to the different antenna locations makes 8Rx performance degraded than the theory gain.

	vivo
	Option 4

	Xiaomi
	Option 4

	Skyworks
	Option 4: antenna correlation is possibly a factor with 8 antennas.

	Nokia
	Option 3 or 4. It’s understandable to refer to LTE spec. LTE requirements for 8Rx do not say anything about UE types. However, for NR 8Rx, the target is clear, and this is for CPE device. If we just followed corresponding LTE requirements and later if we have 8Rx WI for smartphone, do we have even more relaxed requirements? Then, what the point of having RF requirement for 8Rx which is only the requirement for UE RF apart from the other Rx requirements refer to the sensitivity.

	Huawei
	Option 4.
As we explained in our paper, NR device could have enhanced performance than LTE. Also we can observe (from Option 1) that companies proposed -4.5dB, instead of reusing 4dB, for a certain band, though it is not discussed during LTE phase.
So we suggest to have further discussion rather than simply following the LTE 8R delta REFSENS.  

	Intel
	Option 4

	CHTTL
	ok to further discuss, share the similar view as Nokia that the requirement for NR can be better than LTE in general, since LTE spec 8 Rx support is even not only for CPE/FWA devices.

	ZTE
	It seems option 1 is not conflits with Option 4. Option 1 doesn’t preclude any further more discussion/evaluation. It just said as starting point, which means the values could be changed after future discussion. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK48]In addition, as pointed by Nokia, the form factor for the bands supporting 8Rx is clearly specified for CPE/FWA/vehicle/industrial devices, but no restrction for LTE, which means the LTE value can also be applied to smartphone. However, compared with smartphone, considering the relax implementation restriction for CPE/FWA/vehicle/industrial devices, better values may need to be studied. 
So either Option 1 or Option 4 are fine to us

	NTT DOCOMO
	Option 4: Based on the companies’ input, we guess there may be the possibility of improvement of ΔRIB, 8R compared to LTE requirements, so we would like to know the possibility. And as Nokia pointed out, LTE requirements have no limitation on UE types, but this work is limited for CPE/FWA/vehicle/industrial devices, which may lead improvement,

	Meta
	Option 4

	AT&T
	Option 4. Need to decide many other assumptions in order to consider the CPE/FWA requirements.

	T-Mobile USA
	Option 4. 

	Sony
	Option 4

	Ericsson
	Option 4



Issue 3-1-2: How to determine the ΔTRxSRS for 1T8R/2T8R AS-SRS?
· Proposal: Discuss on which one of the following options could be adopted.
· Option 1: Reuse 3dB for 8Rx (R4-2212561).
· Option 2: Need more analysis/evaluation (R4-2212804/R4-2213193/R4-2213727).
· Option 3: Adopt the following table for additional ILs for different SRS transmission capabilities (R4-2213312).
	UE capability
	Additional IL @ .5GHz
	Additional IL @ 4.9GHz

	t1r8
	4 dB
	5 dB

	t2r8
	3 dB
	3.5 dB

	t2r8 and t1r8
	5 dB
	6 dB



Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 2

	OPPO
	Option 3 is evaluated based on CPE implementation, in our view can be used for the definition of SRS IL similar as Rel-15 discussion.

	Vivo
	Option 4

	Xiaomi
	Option 2

	Skyworks
	Option 2 due to the form factor and number of antennas, the loss needs to be re-evaluated

	Nokia
	Option 2. The size of CPE devise is larger than smartphone. Routing length may be longer, but we would like to see if any possibility to have better performance for CPE devices than smartphone. Otherwise, there is no point to introduce requirements for CPE…

	Huawei
	Option 2, and Option 3 could be a start (e.g. capture the proposal in WF).
Thanks OPPO for the valuable inputs as in the paper. We would like to share our further thinking:
· The frequency point in the above Table is not fully aligned with the example bands. Thus we suggest to also consider additional IL @ 2.6GHz.
· The proposed additional SRS IL value from OPPO is larger than those values for 4R, which could degrade the network performance since the accuracy of SRS-based channel estimation from gNB side could be impacted. Obviously, more system level analysis/evaluation is needed before any conclusion on the specific values for 8R.
Judging from the figures/tables in R4-2213312, seems that even for LPAF link, total IL could be increased due to DP4T which has high IL is implemented, comparing from the discussion history for 4R SRS IL. We wonder is the current assumption, i.e. zero delta is applied for the transmission power calculation for the first SRS resource (or even PUSCH), still valid? If not, the spec impact of increased IL for the first SRS resource shall be further studied.    

	ZTE
	We are fine further studies are needed, i.e. Option 2.

	NTT DOCOMO
	Option 2

	Meta
	Option 2

	AT&T
	Option 2. Similar comments to Issue 3-1-1.

	T-Mobile USA
	Option 2

	Sony
	Option 2. Thanks, OPPO for the good analysis. However, we prefer to see more analysis.

	Ericsson
	Option 2



Issue 3-1-3: Methods to improve the SRS output power given the large delta SRS value
· Option 1: For a UE indicating the support of TxD and 1T8R AS-SRS, the ΔPPowerClass applied for PCMAX_H,f,c should be reviewed (R4-2213727).
· Option 2: Others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 2/More analysis is needed. 
A question to Huawei, Can you please clarify what is meant by reviewing the current  ΔPPowerClass.  Does it mean not to apply 3dB ΔPPowerClass.  for a UE indicating the support of TxD and 1T8R, in which case the ∆TRxSRS for 1T8R would become 3dB more stringent?


	OPPO
	Option 2, the TxD will impact the Tx power in SRS antenna switching no matter main antenna or diversity antennas, and apply to both Pcmax,L and Pcmax,H, i.e. 3dB power back off similar as 1T4R.

	Skyworks
	Option 2: once the losses are evaluated we can come back to this

	Nokia
	Option 2: We think the proposal’s direction is OK, but perhaps, e.g., we may need to think about the impact of 2T case as well if the UE is capable of 4Tx.

	Huawei
	Since AS-SRS is used for channel estimation to facilitate the code-book selection for MIMO, it is expected that the output power for SRS should be large enough, at least it should not be reduced unintentionally. While it was already pointed out during the discussion in Rel-17 that the ΔPPowerClass.  is used for Pcmax,h as well. Such power reduction for the upper bound is not necessary at all, and it is not a “3dB stringent”. In addition, due to the severe power imbalance foreseen for the routing implementation with 8Rx, and possibility of supporting more complex front end architecture for 8R AS-SRS, the output power for main branch could also be affected. All possible ways which are helpful to improve the SRS output power should be studied under this WI.

	AT&T
	Option 2.

	T-Mobile USA
	Option 2



Sub-topic 3-2: Release independence issue
Issue 3-2-1: Release independence issue for 8Rx
· Proposal (R4-2212014): NR 8Rx feature could be defined as release independent from Rel-15 if needed.
· Option 1: Yes
· Option 2: No
· Option 3: Other

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	SoftBank-M
	From operator’s perspective, we prefer from Rel-15. But we are open to discuss this topic.

	China Telecom
	Support to be release independent from Rel-15.

	Qualcomm
	Option 3/To be discussed in upcoming meetings

	OPPO
	Option 3, need to wait for the requirement definition and see whether there is any new signaling which might cause NBC issue.

	Vivo
	Option 3. Similar to previous comment for 4Tx, it is likely that release independent is possible but no need to be conclude in the first meeting.

	Nokia
	Option 3: Need clarification. Some of the 8Rx related requirements like SRS AS is from Rel-16 in terms of RAN1.

	CHTTL
	Support option 1.

	ZTE
	Option 3, no need to make decision now.

	CMCC
	Option 1

	NTT DOCOMO
	Option 3: Further discuss, but generally support release independence from earlier release.

	Meta
	Option 3. 8Rx was not supported in previous Release. What is reason to support from Rel-15? As Nokia mentioned in table, SRS AS is supported from Rel-16 in RAN1 speciciation. So RAN4 need to consider other WG specification to support 8Rx feature.

	AT&T
	We support Option 1.

	T-Mobile USA
	Option 1

	Sony
	Option 3. To be discussed in upcoming meetings (but in general support release independence from earlier release).



Sub-topic 3-3: CA scenario
Issue 3-3-1: The support of 8Rx for a band combination.
· Proposal (R4-2213727): For NR, the CA band combination which will support 8Rx shall be proposed by operators based on demands, not all of band combinations automatically support 8Rx if any component carrier supports 8Rx.
· Option 1: Yes.
· Option 2: No.
· Option 3: Other

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	SoftBank-M
	We do not have strong opinion for this issue. But if Option 1 is selected, we should discuss how to proceed the specification work carefully since the current specification workload of band combination has already been very high. 

	Qualcomm
	Option 3. This needs to be discussed further. There is huge number of band combinations which include n7/n77/n78 so RAN4 needs to figure out which is the best way to manage the work. Probably the approach proposed by Huawei is a good one, but again it would be good to discuss this further in next meeting to make sure all pro’s and con’s are well understood. 

	OPPO
	Option 1.

	vivo
	Option 1 seems reasonable.

	Xiaomi
	Option 1

	Skyworks
	CA is not in scope for now and this is a later decision one CC is clear

	Nokia
	Option 3: This is out of scope of this WI, though we understand the motivation. We should focus on completing single carrier requirements.

	CHTTL
	Option 3, we think it’s a bit early to decide this, we can focus on the single band in this WID firstly, in our view some generalize approach could be helpful to simplify the work.

	ZTE
	Option 3: It is too early to decide. At least there are no 4Rx information in the CA combination requested by the operators’ demand.

	CMCC
	Option 3. Focus on single band first.

	NTT DOCOMO
	Option 3: Further discuss. But if 8Rx is optional feature, our current view is that we prefer to apply 8Rx to all band combinations automatically if 8Rx feature is completed. Otherwise, the band combination request for 8Rx would be very large.

	Meta
	Option 1.

	AT&T
	Option 3. This can be further discussed later as we understand the single carrier requirements.

	T-Mobile USA
	Option 3. Agree with Qualcomm.

	Sony
	Option 3. Agree with Qualcomm.



Sub-topic 3-4: SRS guard period
Issue 3-4-1: Whether guard period between xTyR (y>=4) AS-SRS resources within one resource set needs to be kept.
· Proposal (R4-2213969): Remove the requirement for a guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage. That will allow the base station to have an accurate and timely CSI based on SRS sounding, which is especially important for a UE configured with xTyR where y≥4.
· Option 1: Yes
· Option 2: No
· Option 3: Others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 3/More time needed to evaluate the proposal

	OPPO
	Option 3, if understand correctly this is about the guard period between SRS resources which has been discussed in Rel-17? If it is, probably this should be done in RAN1 as it is trying to change RAN1 spec.

	Skyworks
	We are OK to study this but not yet to remove because the overall switching architecture for 8Rx needs first to be understood. It also depends for which SCS this is discussed

	Huawei
	This is not a new issue which had been discussed both in RAN1 and RAN4. Since no spec impact, i.e. not remove the guard period defined for AS-SRS, is the outcome of that discussion, we suggest to adopt Option 2 for this issue.

	Ericsson
	We support Option 1. The guard period is not defined for usages other than ‘antennaSwitching’ even if one SRS resource belong to SRS resource set with ‘antennaSwitching’ usage and the other does not. Thus, we think that the guard period should be removed.



Sub-topic 3-5: BS performance requirements
Issue 3-5-1: Definition of static channel matrix for 8Rx.
· Proposal (R4-2213969): Define the following H matrix as 8Rx static channel matrix.
	· For 1 port transmission the channel matrix is defined in the frequency domain by
· 
.
· For 2 port transmission the channel matrix is defined in the frequency domain by
· 
.
· For 4 port transmission the channel matrix is defined in the frequency domain by
· 
.
· For 8 port transmission the channel matrix is defined in the frequency domain by
· 



· Option 1: Yes
· Option 2: Others

Moderator’s recommendation:
· Recommended WF
· Check companies view on whether the above proposal should be treated in Demod session during 1st round discussion.
	Company
	Comments

	China Telecom
	Can be discussed in demod session.

	Qualcomm
	The work in demod has not started yet, so this should be discussed later

	Nokia
	This is NO TU for RD. we shall not discuss this in this meeting.

	Huawei
	With the recommendation from moderator, we think it should be treated in Demod session.

	ZTE
	Our intention is try to give full picture for both RF and Demod. We are fine to only focus on RF requirement at this stage.

	NTT DOCOMO
	This should be discussed in demod session in the future meeting.



Issue 3-5-2: Definition of MIMO channel correlation matrix for 8Rx.
· Proposal (R4-2213969): Define the following matrix RgNB and RUE as MIMO channel correlation matrixes.
	





· Option 1: Yes
· Option 2: Other

Moderator’s recommendation:
· Recommended WF
· Check companies view on whether the above proposal should be treated in Demod session during 1st round discussion.
	Company
	Comments

	Qualcomm
	The work in demod has not started yet, so perhaps this should be discussed later

	Nokia
	This is NO TU for RD. we shall not discuss this in this meeting.

	Huawei
	With the recommendation from moderator, we think it should be treated in Demod session.

	ZTE
	Our intention is try to give full picture for both RF and Demod. We are fine to only focus on RF requirement at this stage.

	NTT DOCOMO
	This should be discussed in demod session in the future meeting.



Issue 3-5-3: MIMO channel correlation for 8Rx performance evaluation.
· Proposal (R4-2213969): Define 8Rx performance with low MIMO channel correlation.
· Option 1: Yes
· Option 2: Others

Moderator’s recommendation:
· Recommended WF
· Check companies view on whether the above proposal should be treated in Demod session during 1st round discussion.
	Company
	Comments

	Qualcomm
	The work in demod has not started yet, so perhaps this should be discussed later

	Skyworks
	Should 8 antenna correlation be discussed once demod is started

	Nokia
	This is NO TU for RD. we shall not discuss this in this meeting.

	Huawei
	With the recommendation from moderator, we think it should be treated in Demod session.

	ZTE
	Our intention is try to give full picture for both RF and Demod. We are fine to only focus on RF requirement at this stage.

	NTT DOCOMO
	This should be discussed in demod session in the future meeting.




Companies views’ collection for 1st round
Open issues 

CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	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.
	
	Status summary 

	Sub-topic#3-1
	Issue 3-1-1: How to determine the ΔRIB, 8R?
Tentative agreements:
Candidate options:
· Option 1:  Take the ΔRIB, 8R defined for LTE as baseline, e.g., consider -4dB for band n77/n78, -4.5dB could be considered as starting point for band n7 (R4-2212014/R4-2212561).
· Option 2: Apply ΔRIB, 8R = -4dB for all example bands (R4-2213312).
· Option 3: ΔRIB, 8R has 0 ~ 3 dB improvement compared with ΔRIB, 4R. The exact value needs further discussion (R4-2213969).
· Option 4: Need more discussion/evaluation (R4-2212804/R4-2213193/R4-2213727).

<Companies’ views on each option>
Option 1: OPPO
Option 2:
Option 3: OPPO, Nokia
Option 4: Qualcomm, vivo, Xiaomi, Skyworks, Nokia, Huawei, Intel, DOCOMO, Meta, AT&T, T-Mobile USA, Sony, Ericsson
Majority views support option 4. Need more discussion and evaluation. During 1st round, several companies commented that RAN4 should study the possible enhanced performance in NR compared to LTE, and take into account the fact that LTE 8Rx aims for any types of UE but this work for NR 8Rx aims for CPE/FWA/vehicle/industrial devices. Also, as impacted factors, ILs, couplings among Rx paths, and antenna correlation are suggested.

Recommendations for 2nd round:
Continue to discuss based on a WF in 2nd round possible impacted factors and needed analysis toward the next meeting.

Issue 3-1-2: How to determine the ΔTRxSRS for 1T8R/2T8R AS-SRS?
Tentative agreements:
Candidate options:
· Option 1: Reuse 3dB for 8Rx (R4-2212561).
· Option 2: Need more analysis/evaluation (R4-2212804/R4-2213193/R4-2213727).
· Option 3: Adopt the following table for additional ILs for different SRS transmission capabilities (R4-2213312).
	UE capability
	Additional IL @ .5GHz
	Additional IL @ 4.9GHz

	t1r8
	4 dB
	5 dB

	t2r8
	3 dB
	3.5 dB

	t2r8 and t1r8
	5 dB
	6 dB



<Companies’ views on each option>
Option 1: 
Option 2: Qualcomm, Xiaomi, Skyworks. Nokia, Huawei, DOCOMO, Meta, AT&T, T-Mobile USA, Sony, Ericsson.
Option 3: OPPO, (Huawei)

Majority views support option 2. Need more analysis and evaluation. During 1st round, as impacted factors, ILs, form factor and the number of antennas are suggested. There are comments that CPE/FWA specific assumption should be further studied, and that the study of the impact of larger SRS IL on the NW performance is needed. Question on the assumption (zero delta is applied for the transmission power calculation for the first SRS resource (or even PUSCH)) is also raised.
Recommendations for 2nd round:
Continue to discuss based on a WF in 2nd round possible impacted factors and needed analysis toward the next meeting.

Issue 3-1-3: Methods to improve the SRS output power given the large delta SRS value
Tentative agreements:
Candidate options:
· Option 1: For a UE indicating the support of TxD and 1T8R AS-SRS, the ΔPPowerClass applied for PCMAX_H,f,c should be reviewed (R4-2213727).
· Option 2: Others

<Companies’ views on each option>
Option 1: 
Option 2 Qualcomm, Skyworks, Nokia (Need more analysis), OPPO (different view), AT&T, T-Mobile USA,

Need more discussion. There is a question for clarification, and proponent answer that this proposes to study a way to improve the SRS output power, e.g., by not applying ΔPPowerClass for PCMAX_H,f,c, while considering the severe power imbalance foreseen for the routing implementation with 8Rx, and possibility of supporting more complex front end architecture for 8R AS-SRS. On the other hands, there is a comment thatΔPPowerClass should be applied to both Pcmax,L and Pcmax,H. 

Recommendations for 2nd round:
Continue to discuss based on a WF in 2nd round needed analysis toward the next meeting.


	Sub-topic#3-2
	Issue 3-2-1: Release independence issue for 8Rx
Tentative agreements:
Candidate options:
· Proposal (R4-2212014): NR 8Rx feature could be defined as release independent from Rel-15 if needed.
· Option 1: Yes
· Option 2: No
· Option 3: Other

<Companies’ views on each option>
Option 1: SoftBank, China Telecom, CHTTL, CMCC, AT&T, T-Mobile USA
Option 2: 
Option 3: Qualcomm, Vivo, Nokia, DOCOMO, Meta, Sony
Several operators support option 1 while several companies think it needs further discussion. There are comments that take into account the fact that SRS AS is support from Rel-16, and need to wait for the requirement definition as new signalling may be introduced.  

Recommendations for 2nd round:
It would be better to discuss in the future meeting after seeing how the requirements looks like, but as an open issue to be addressed in the future meeting, capture it in a WF. And check if additional comments.

	Sub-topic#3-3
	Issue 3-3-1: The support of 8Rx for a band combination.
Tentative agreements:
Candidate options:
· Proposal (R4-2213727): For NR, the CA band combination which will support 8Rx shall be proposed by operators based on demands, not all of band combinations automatically support 8Rx if any component carrier supports 8Rx.
· Option 1: Yes.
· Option 2: No.
· Option 3: Other

<Companies’ views on each option>
Option 1: OPPO, Vivo, Xiaomi, Meta
Option 2: 
Option 3: SoftBank, Qualcomm, DOCOMO, T-Mobile USA, Sony (Need further analysis), Skyworks, Nokia, CHTTL, CMCC, AT&T, (Discuss single carrier case first)
4 companies support option 1, 5 companies think need further analysis to decide the best way to manage the work, 5 companies think should discuss this issue after single carrier requirements are finished.

Recommendations for 2nd round:
It would be better to discuss in the future meeting after seeing how the requirements looks like, but as an open issue to be addressed in the future meeting, capture it in a WF. And check if additional comments.

	Sub-topic#3-4
	Issue 3-4-1: Whether guard period between xTyR (y>=4) AS-SRS resources within one resource set needs to be kept
Tentative agreements:
Candidate options:
· Proposal (R4-2213969): Remove the requirement for a guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage. That will allow the base station to have an accurate and timely CSI based on SRS sounding, which is especially important for a UE configured with xTyR where y≥4.
· Option 1: Yes
· Option 2: No
· Option 3: Others

<Companies’ views on each option>
Option 1:  Ericsson
Option 2: Huawei
Option 3: Qualcomm, Skyworks (Need more analysis), OPPO(Question)
1 company supports option1, and 1 company supports option 2. 2 companies think need more analysis.
Recommendations for 2nd round:
Continue to discuss based on a WF in 2nd round to collect more companies’ views.

	Sub-topic#3-5
	Issue 3-5-1: Definition of static channel matrix for 8Rx
Tentative agreements:
Candidate options:
No objection to treat it in demod session in the future meeting as this work does not have TU for RD in this meeting.
Recommendations for 2nd round:
No actions in 2nd round

Issue 3-5-2: Definition of MIMO channel correlation matrix for 8Rx
Tentative agreements:
Candidate options:
No objection to treat it in demod session in the future meeting as this work does not have TU for RD in this meeting.
Recommendations for 2nd round:
No actions in 2nd round
Issue 3-5-3: MIMO channel correlation for 8Rx performance evaluation
Tentative agreements:
Candidate options:
No objection to treat it in demod session in the future meeting as this work does not have TU for RD in this meeting.
Recommendations for 2nd round:
No actions in 2nd round



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

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



Discussion on 2nd round (if applicable)
	T-doc number
	Company
	Proposals / Observations

	R4-22xxxxx
	NTT DOCOMO, INC
	WF on FR1 8Rx UE RF requirements



WF on FR1 8Rx UE RF requirements
If any comments for the WF needed, please provide them here during 2nd round discussion.
	Company
	Comments

	Meta
	See our comment in the WF

	Skyworks
	It seems v13 does not capture GTW agreements yet.

	
	



Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Moderator’s summary:
The WF based on GTW discussion is agreeable according on 2nd round discussion.
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_104-e/Inbox/Drafts/%5B104-e%5D%5B132%5D%20FR1_enh2/Round2/WF%208Rx/draft%20R4-2214451%20WF%20on%20NR%20FR1%208Rx_final%20check.doc
Comments transferred from draft WF
Companies’ comments for WF are transferred from draft WF to here:
The outcome of 2nd round discussion and the proposed way forward are captured in the WF.
How to determine the ΔRIB, 8R?
<Way forward >: 
· Study possible  performance of ΔRIB, 8R in NR devices compared to LTE 
· Considering the fact NR 8Rx aims for CPE/FWA/vehicle/industrial devices while LTE 8Rx aims for any types of UE 
· As impacted factors, ILs, couplings among Rx paths, and antenna correlation should be studied. Other factors are not precluded.
	Company
	Comments

	Huawei
	OK with the recommended WF. 

	Nokia
	Support the WF

	Meta
	Support recommend WF

	SoftBank
	We are fine with the recommended WF. 

	OPPO
	Ok with WF.

	Qualcomm
	First line should be modified to “Study possible enhanced performance difference of ΔRIB, 8R in NR devices compared to LTE. While LTE and NR are different systems, there should be no pre-assumption of enhanced performance. 

	ZTE
	Fine with the WF.

	NTT DOCOMO
	Thank you for the comments.
We put [] into “enhanced”  in recommended WF based on Qualcomm comments. We will discuss in GTW.

	Huawei
	Also support to delete the “enhanced” in the first bullet.

	NTT DOCOMO
	Thank you for further comments.
Although, in my understanding, the motivation is to seek the enhancement in stead of just reusing the LTE requirements, anyway it is study to evaluate the performance of NR compared to LTE and this is the first meeting, and multiple companies support to remove it, then we propose to remove “enhanced”. 



How to determine the ΔTRxSRS for 1T8R/2T8R AS-SRS?
Agreement from GTW:
· Further study ΔTRxSRS for 1T8R/2T8R AS-SRS considering the following aspects:
· Ils, form factor and the number of Rx/Tx antennas as impacted factors
· CPE/FWA/vehicle/industrial devices specific assumption
· The impact of larger SRS IL on the NW performance
· [Further study if the assumption that zero delta is applied for the transmission power calculation for the first SRS resource still valid]
· ΔTRxSRS for 4T8R AS-SRS will be discussed after 4Tx requirement is completed.
	Company
	Comments

	Huawei
	In general, we are fine with the recommended WF.
Typo in the first sub-bullet? “Ls”  “Ils”?

	Skyworks
	Since the same bands and also intended for 4Tx should we have 4T/8R added? So may be we should add number of Tx antennas as a factor.

	NTT DOCOMO
	Thank you for the comments
To Huawei, this is a typo, we will revise.
To Skyworks, yes, 4T8R should be discussed after 4Tx requirements is completed.
Suggestion on modified recommended WF is:

· Further study ΔTRxSRS for 1T8R/2T8R AS-SRS considering the following aspects:
· Ils, form factor and the number of Rx/Tx antennas as impacted factors
· CPE/FWA/vehicle/industrial devices specific assumption
· The impact of larger SRS IL on the NW performance
· Clarify if the assumption that zero delta is applied for the transmission power calculation for the first SRS resource (or even PUSCH)) still valid
· ΔTRxSRS for 4T8R AS-SRS will be discussed after 4Tx requirement is completed.

	Nokia
	We think “−	Clarify if the assumption that zero delta is applied for the transmission power calculation for the first SRS resource (or even PUSCH)) still valid” should be removed. It’s covered by WF in topic 1.3 and we don’t understand what the sub-bullet mean.
· Why is PUSCH related to this discussion?
· What is zero delta(we guess this is notΔTRxSRS but ΔPPowerClass from Huawei’s comment)?
We are ok to study revisit of applicability of ΔPPowerClass to PCMAX_H,f,c and/or possibility to with consideration of network impact of DL CSI acquisition via SRS antenna switching. And our understanding is that not only t1ry, but also t2ry should be taken into account for this discussion if the declared power class is PC1.5. This is covered topic 1.3

	Meta
	Principle OK to us. The ΔTRxSRS,will be studied according to the 1T8R/2T8R/4T8R. ΔPPowerClass is discussed in the configured Tx power.

	OPPO
	Principle is ok, in this meeting we have given one reference architecture for FWA device type from product implementation including 1T8R/2T8R and also 2T8R fallback 1T8R, we encourage companies to check the values in the option 3.
For the 4T8R, it should be considered after the 4T is introduced in the spec, we not prefer to start the 4T8R discussion in this early stage.

	Huawei
	OK with the revision from DOCOMO, thanks.
To Nokia:
Thanks for the comments, please find our further explanations.
First we think our proposal, i.e. the second bullet, is related to issue 1.2 and not covered by issue 1.3. Thus we could only focus on ΔTRxSRS under issue 1.2.
Second, the reason for our proposal is that with the valuable inputs from OPPO, more Ils are needed for each Tx/Rx chain. Then it is reasonable to further study whether the original “zero delta” for the first SRS resource is still valid or not because the non-zero ΔTRxSRS is applied for the SRS resources other than the first one according to the definition in TS 38.101-1:
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But we understand the concern from Nokia, since only SRS is under discussion for this topic. So we would like to try the following revision based on DOCOMO’s proposal:
· Further study ΔTRxSRS for 1T8R/2T8R AS-SRS considering the following aspects:
· Ils, form factor and the number of Rx/Tx antennas as impacted factors
· CPE/FWA/vehicle/industrial devices specific assumption
· The impact of larger SRS IL on the NW performance
· Clarify if the assumption that zero delta is applied for the transmission power calculation for the first SRS resource (or even PUSCH)) still valid
· ΔTRxSRS for 4T8R AS-SRS will be discussed after 4Tx requirement is completed.

	Qualcomm
	OK with the principle. However, the sentence “Clarify if the assumption” is not necessarily needed and should be removed or modified to erase PUSCH as that is not in the scope.

	ZTE
	Ok to further study.

	NTT DOCOMO
	Thank you for the comments.

We add clarification text and collect typo as suggested in out comments since there are no objections.
Regarding “Clarify if ~” part, we put [ ] since this is a controversial  part. We will discuss it in GTW. 

	NTT DOCOMO
	Copy and paste the GTW agreements



Methods to improve the SRS output power given the large delta SRS value
Agreement from GTW:
· For a UE that supports 2Tx and 1T8R SRS AS, further study whether 3dB power back off at main antenna defined for TxD (ΔPPowerClass) is applied for PCMAX_H,f,c or not.
	Company
	Comments

	Huawei
	Appreciate for the discussion so far.
As explained during first round, we think 3dB power reduction introduced by ΔPPowerClass for the upper bound ΔPCMAX_H, f, c is not necessary, which unnecessarily low down the possible higher SRS output power, and we are open to discuss whether such solution could be extended for other xT8R AS-SRS.
Just to clarify our proposal for the improving SRS output power issue: Since SRS is important for channel estimation, the larger the SRS transmission power, the better the system performance, however, some potential issues on SRS transmission power become even more serious with 8Rx, e.g. the rationality of 0dB IL assumption for the first SRS resource and enlarged IL imbalance between RF chains as mentioned in issue 1.2, we should find all possibilities to increase the SRS transmission power rather than stick to the current spec. More methods could be studied in the next meeting while removing the ΔPPowerClass for Pcamx,h is one of a possible solution.

	Skyworks
	This also may depend on the number of Tx antennas that we consider for TxD. In our view TxD should be restricted to 2Tx as the gain for 4Tx using CDD needs to be better understood.

	NTT DOCOMO
	Thank you for the comments.
To Huawei, we understand that the motivation is to improve SRS output power, and removing ΔPPowerClass for Pcamx,h is one of a possible solution. We can add “Other solutions to improve SRS output power are not precluded” if other companies are also OK.

To Skyworks, for question for our understanding, your comments on “TxD should be restricted to 2Tx” is for SRS AS, or for general 4Tx TxD?


	Nokia
	We don’t agree with using a text “a UE indicating the support of TxD” at this moment. We don’t know what kind of TxD is assumed here. We don’t know why we need to apply the conclusion of 1T8R to that of 2T8R?  They are different. Alternative is below.
For a UE that supports 4Tx and 1T8R and/or 2T8R AS-SRS, further study whether ΔPPowerClass is applied for PCMAX_H,f,c or not.

We don’t think we need to add “Other solutions to improve SRS output power are not precluded” to the WF before we understand issues correctly and which WG(s) should address the issues.

	OPPO
	Generally we are ok with this study, but not clear how UE with TxD can only lower the Pcmax,L but no change of Pcmax,H, isn’t TxD will cause 3dB degradation to both Pcmax,L and H in the antenna 0 transmission?

Nokia alternative is clearer maybe small update is needed since the ΔPPowerClass in the spec is for several purposes and the discussion here is for the 3dB power back off due to TxD feature. Maybe we can just say the 3dB power back off defined for TxD in the main antenna? 
Alternative 2:
For a UE that supports 4Tx and 1T8R and/or 2T8R AS-SRS, further study whether 3dB power back off at main antenna defined for TxD (ΔPPowerClass) is applied for PCMAX_H,f,c or not.

	Huawei
	Thanks for the comments.
We are fine with the alternative from Nokia, but we would like to focus on 1t8R and 2t8R at this stage, which is:
For a UE that supports 4Tx and 1T8R and/or 2T8R AS-SRS, further study whether ΔPPowerClass is applied for PCMAX_H,f,c or not.

	Qualcomm
	Rationale to coupling TxD into improving 8RX SRS output power is not well elaborated. If discussed, shouldn’t it be discussed under maintenance for all SRS TxSwitch capabilities and not for 8RX only? 

	NTT DOCOMO
	Thank you for the comments.We updated the sentence based on companies” comments.
The original text in recommended WF is intended for UE supporting 2Tx. So we clarify it.
For UE supporting 4Tx, it should be discussed later after 4Tx is completed. 

	NTT DOCOMO
	Copy and paste the GTW agreements



Release independence issue for 8Rx
<Way forward >: 
· Further study if 8Rx can be release independent from Rel-15 after seeing how the requirements of 8Rx looks like.
	Company
	Comments

	Huawei
	We are fine with further study whether 8Rx could be release independent or not, but we think the sub-bullet may be inappropriate since AS-SRS for >4Rx may not be supported in early release like Rel-16.
In general, we suggest to remove the sub-bullet:
· Further study if 8Rx can be release independent from Rel-15 after seeing how the requirements of 8Rx looks like.

	NTT DOCOMO
	Given that SRS AS is supported in later release than Rel-15, then we wonder if 8Rx without SRS AS can be release independent from Rel-15, and 8Rx with SRS AS can be from later release. So, we think SRS AS is one of the discussion point, and that’ why we captured it in WF. But we are open to discuss it. Let us see other companies’ comments.

	Nokia
	We don’t need the last sub-bullet. We need to discuss something following aspects in the future after 8Rx requirements become stable to some extent.

SRS AS has been introduced since Rel-15.
New SRS port switching patterns were introduced in Rel-16, but they are not specific to 8Rx.
In Rel-17, SRS Tx port switching patterns were further enhanced and 8Rx relevant patterns were introduced.

So, if the definition of 8Rx support includes SRS antenna switching including txr8, Rel-17 spec is needed.
But there may be an option that UE supports 8Rx but SRS antenna switching patterns are limited to Rel15 while the device may not be able to achieve what the proponent of 8Rx wanted. In any case, SRS antenna switching is option regardless of releases, the relation b/w 8Rx and required SRS antenna switching patterns depends on if RAN4 impose RAN4 discipline on it or not.  

	Meta
	It will be discussed in later based on the status of other WG supporting of 8Rx feature 

	SoftBank
	We are fine with continuing the study for release independency. 

	OPPO
	For clarification, this is for 8Rx feature not specifically for 8Rx SRS antenna switching, right?

	Qualcomm
	The WF should be simply “Further study 8Rx release independence after seeing how the requirements of 8Rx looks like”. As pointed out by few companies above there are many impacting aspects so mentioning Rel-15 specifically is not useful.

	NTT DOCOMO
	Thank you for the comments.

Several companies support to remove the 2nd bullet, then we removed.
Qualcomm’s suggestion on wording is fine to us, but in 1st round, several operators support release independence from Rel-15, that’s why we use this wording. We will discuss it in GTW.

	Qualcomm
	Thanks NTT DOCOMO for the feedback. We are ok with the current wording, however we still feel that removing “from Rel15” or modifying it to “from Rel15 or later” would be clearer

	NTT DOCOMO
	Thank you for the comments.

To OPPO
Same understanding with you: this is for 8Rx feature not specifically for 8Rx SRS antenna switching.
We removed the 2nd bullet to avoid any confusion.

To Qualcomm
Thank you for your understanding.
I think your suggestion on further modification may be reasonable, but other companies seem fine with the current WF, and also you can compromise with the current wording (thanks), so we would like to go with this version toward final checking window. 



The support of 8Rx for a band combination.
<Way forward >: 
· Further study the support of 8Rx for a band combination after seeing how the requirements of 8Rx for single carrier looks like.
	Company
	Comments

	Huawei
	OK to focus on the single band requirements with 8Rx at this stage. We are fine with the current recommended WF.

	Skyworks
	We should cover one CC first and then check if the framework is applicable to DL CA. At this point in time we are not sure it is useful to elaborate on the options. In any case we will need a example combination to start the work (hopefully from an operator request)

	NTT DOCOMO
	Thank you for the comments.
To Skyworks, the intention was that this issue will be discussed later after 8Rx for single carrier is competed, so, as a reference for the future, we just captured possible options. But we are open to discuss it. Let us see other companies’ comments.

	Nokia
	We agree with Skyworks. Not sure why we keep discussing this now. Note that we don’t say we don’t need to discuss this, but we don’t need to discuss this now.

	Meta
	Support WF and example band combinations will be studied first by operator request.

	SoftBank
	We are fine with the recommended WF and focusing on the discussion for the single carrier requirements at this timing. 

	OPPO
	Agree with Skyworks and Nokia. Now we are focusing on the single band 8Rx, and no discussion for band combinations, suggest to remove the options in this WF.

	Qualcomm
	Agree with Skyworks

	ZTE
	Agree with Skyworks.

	NTT DOCOMO
	Thank you for the comments.

Several companies support to remove the possible options, then we removed it.
Several companies support to consider example band combination(s), so we add it with [].

	Nokia
	Thanks DCM for the hard work. But in our view, adding [] makes the situation even worse from our perspective. We agree that in case we start to discuss this topic, an example band combination (I doubt it’s necessity itself, though) may be OK. But our point is that we don’t need to discuss what to do this now. But the WF is taking one more step forward in terms of how to address it. We really don’t see to discuss this now…

	NTT DOCOMO
	Thank you, Nokia, for further checking.
I understand your point. Although two companies commented that example band combination is useful, according to the comment, the companies seem fine with the previous WF which does not add “[with example band combinations]”, so, I removed [] part. 



Whether guard period between xTyR (y>=4) AS-SRS resources within one resource set needs to be kept.
<Way forward >: 
· Further study if remove the requirement for a guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage.
· Check if this has RAN1 spec impact.
	Company
	Comments

	Huawei
	As also questioned by OPPO, obviously there are spec impacts for both RAN1 and RAN4 due to the fact that the guard period is defined in TS 38.214 and referred in TS 38.101-1.
Actually, during the late stage of the discussion for Rel-17 FeMIMO WI, this issue received some interests since RAN1 was discussing on less SRS scheduling restriction under the background of 6Rx SRS pattern design. Regarding the RAN4 conclusion which could be found in RAN4 LS R4-2202413 & R4-2211226, it has been clarified that there is NO RAN4 spec impacts for this issue, i.e. the Y symbols guard period which had been specified since Rel-15 shall not be removed. Thus we still support Option 2.

	Qualcomm
	Preference is not to change the existing specification. 

	NTT DOCOMO
	Thank you for the comments. Although several companies have concerns on this proposal, this is the first meeting, and thus we suggest to still make it open at this time.

	
	



5. Topic #4: Issues for lower MSD (Agenda 11.6.4)
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2211822
	Selection of band combinations for low MSD investigation
	Qualcomm Incorporated
	Proposal 1: Study band combination n66+n78 for UL harmonic interference MSD reduction
Proposal 2: Study band combination n2+n77 for 2UL CA MSD reduction 
Observation 1: Preliminary analysis of n66+n78 and n2+n77 show that the greatest impact on MSD is from PCB isolation followed by antenna-to-antenna isolation

	R4-2211825
	Signalling for low MSD
	Qualcomm Incorporated
	Proposal 1: For each band combination that can support low MSD define an optional unique low MSD value which can be applied using capability signalling. 
Proposal 2: Allow the UE to declare a unique low MSD value for each band combination that supports the low MSD feature.
Proposal 3: The resolution of the UE declared low MSD value is [1.0] dB

	R4-2211926
	Views on lower MSD for Inter-band CA
	China Unicom
	Proposal 1: Considering the commercial deployment scale and MSD types, it is proposed to have CA_n1A-n78A and CA_n3A-n78A as example band combinations for the lower MSD investigation.
Proposal 2: Consider both PC3 and PC2 for investigation of lower MSD based on intermodulation.
Proposal 3: The improved MSD capability signalling should be an optional feature.
Proposal 4: It needs to be clarified what are the expected behaviour for gNB after receiving the improved MSD information from UE.

	R4-2212009
	Network benefit of lower MSD capability
	Samsung
	Observation: Different UEs with different MSD behaviours might be treated differently in the Network.

	R4-2212010
	Feasibility study on signaling for Lower MSD
	Samsung
	Observation 1: The specified MSD cannot reflect UE’s actual MSD behaviour/performance, lower MSD is realistic for some high-performance UE for some band combinations.
Observation 2: The factors contribute to the higher UE performance including adopting better-performance and high-integrated chipsets, higher PCB isolation, higher antenna isolation etc.
Observation 3: Different UEs with different MSD performance/ behaviours might be treated differently in the network, the network benefit of this capability is illustrated in our paper R4-2212009.
Proposal 1: CA and DC between band 2/3(1.8/1.9GHz) and n77/n78 (3.5GHz) are suitable candidates for example band combinations.
Observation 4: Both PC2 and PC3 band combinations could be considered as example band combination.
Proposal 2: It is proposed that the Lower MSD capability threshold(s) is(are) defined as per interference source under the same settings of the UL/DL configuration and test points as in the current specifications.
Observation 5：Different or same threshold(s) for different orders of each interference source may depend on how many Lower MSD capability classes to be defined per interference source.
Observation 6: Considering the balance between MSD information provided to the network and the signalling overhead, 2 or 4 Lower MSD capability classes per source might be reasonable.
Proposal 3: In case more than one order exists for a certain interference source of a band within the band combination, only the lowest order needs to the considered.
Observation 7: The MSD capability threshold(s) could be considered as either exact absolute value(s), or relative value(s) compared to the specified MSD.
Proposal 4: Define Lower MSD capability as per band combination with capability definition as: UE could indicate support Lower MSD capability for the band combination, when for each band within the band combination, all the actual conductive MSD caused by each interference source are less than the corresponding Lower MSD threshold(s). If absent, it means UE has no Lower MSD capability for this band combination. 
Observation 8: With regard to capability signalling information, the simplest way is to just indicate “Support” this capability with the least signalling overhead but the information provided to the network may not be sufficient. While reporting exact conductive MSD values is also unrealistic.
Observation 9: The trade-off alternative of capability signalling information could be considered after the Lower MSD threshold (Per source? How many capability classes per source?) and the Lower MSD capability definition (Per band combination?) defined.

	R4-2212092
	Essential considerations of lower MSD signaling
	Nokia, Nokia Shanghai Bell
	Proposal: Further consider following observations in the future meetings.
Observation 1: Per BC makes signaling simpler than per MSD type and/or order per BC while the former may not allow UE to report lower MSD capability at all if the UE’s MSD performance for one or some of MSD type and order is better than the others.
Observation 2: Lower MSD capability for all the BCs supported by a UE may not be necessary. It would be sufficient to report the capabilities for only fallback BCs categorized as minimum BC unit that is the smallest component of each MSD type. NW can assume that all the supported higher order BCs inherit the reported MSD performance per fallback BCs in minimum BC unit levels. 
Observation 3: Minimum BC unit per MSD type is summarized in Table 3.
Table 3: Minimum BC unit to report MSD
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Observation 4: There is a case that the same BC has two different MSD due to the same MSD type and order, e.g., dual UL CA_n28-n74 has two MSD due to IMD4 where each MSD has a different victim band, i.e., n28 DL or n74 DL. In this case, per MSD type and order per BC cannot differentiate them without additional identification, e.g., victim DL band or frequency component of the order.
Observation 5: MSD minimum requirements for the same MSD type and/or order can be very different from PC to PC, e.g., in some cases, the difference is more than 10 dB, e.g., IMD4 for dual UL CA_n5-n77. The impact of different PCs on MSD and signaling need to be studied further.
Observation 6: There are two different MSD values for the same MSD type and order with different aggressor CBW and victim CBW pairs. The MSD difference is more than 10 dB in some cases.
Observation 7: MSD for near-miss is defined for UL harmonic MSD type on top of MSD for direct-hit. The maximum MSD for near-miss is at most 1.9 dB across all the BC in 38.101-1/-3.
Observation 8: At least there could two approaches to report a lower MSD capability. One is report “delta” from minimum requirement (delta approach). The other is directly report improved MSD value (direct approach).
Observation 9: If RAN4 has a discipline that the same amount of delta per MSD type and order per BC is applicable regardless of power classes, delta approach would have advantage over direct approach.
Observation 10: Reporting a fixed amount of improved MSD value(s) as reference to the minimum requirement value per BC (fixed delta approach) may generate uneven granularity within an MSD as well as MSD across different MSD type and order for the same BC.
Observation 11: Larger MSD improvement becomes, even higher RF components performance improvement it requires [R4-2212093] and if a fixed delta approach is adopted, efforts to improve MSD close to zero may be underappreciated.
Observation 12: If delta is defined as the minimum requirement/2n (equidistant delta within each of the minimum requirements) where n is the number of bits, the maximum difference between actual MSD and reported MSD can become smaller than that by fixed delta.
Observation 13: If delta is defined as delta = minimum requirement/M where 1 < M <= M=2n, n is the number of bits, the maximum difference between actual MSD and reported MSD can become even smaller than that by equidistant delta when MSD is small while the difference can become even larger than that by fixed delta when MSD is large. 
Observation 14: Provided that whichever approach is selected, NW needs to store MSD information per BC, MSD per MSD source per BC or MSD per order per MSD source per BC, fixed delta approach cannot have advantage compared to the other approaches.

	R4-2212093
	Possible approaches to improve MSD
	Nokia, Nokia Shanghai Bell
	Observation 1: In order to improve the combined MSD due to 2nd UL harmonic for CA_3-n77, MSDs for both PRX and DRX or one of the MSDs needs to be reduced.  
Observation 2: Around 10 dB MSD improvement for CA_n3-n77 2nd UL harmonics is feasible by improving single component performance improvement e.g., by H2 PA suppression. At least multiple components performance improvement is required to obtain around 20 dB MSD improvement.
Observation 3: In case of PA H2 suppression of 35 dB, 20 dB MSD improvement is not possible even if antenna isolation is 20 dB and isolation improvement of Path 2&3 is infinity if the other assumptions are the same as those in Table 1.
Observation 4: In order to achieve 20 dB MSD improvement with PA H2 suppression of 48 dBc, around 25 dB isolation improvement for Path 2 &3 is required if the other assumptions are the same as those in Table 1.
Observation 5: Antenna isolation improvement helps improve combined MSD more when DRX H2 levels at LNA for Paths 2 and 3 are even lower than DRX H2 level at LNA for Path 1 while the amount of maximum improvement by antenna isolation is around 5 dB with antenna isolation of 20 dB.   
Observation 6: In order to achieve 20 dB MSD improvement, if all the H2 levels at (j), (l) and (n) in Table 1 are almost equally lower than or equal to -103 dBm, as shown in Table 4, the required isolation improvement of Path 2 and 3 can be reduced down to 13 dB from 25 dB compared to Table 3 condition.
Observation 7: Improvement of HB switch linearity toward H2 (10) from 100 to 108 dBc is essential assuming that triplexer gives 20 dB H2 rejection.
Observation 8: Theoretically it is not impossible to achieve MSD = 0dB for CA_n3-n77 for 2nd UL harmonic. However, as MSD approaches 0 dB, it requires more cost, i.e., components performance improvement compared to the cost to improve MSD by 20 dB.
For 2nd and 3rd harmonic mixing, following observations are obtained mostly based on the assumptions in R4-1707995 and R4-1711543.
Observation 9: MSD of 0 dB for CA_n3-n77 harmonic mixing is feasible by PCB isolation improvement, mixer spur rejection improvement or combination of the two RF components performance improvement. Antenna isolation improvement doesn’t help improve MSD.
Observation 10: For 3rd harmonic mixing, it is possible to improve combined MSD by 20 dB with nearly 1:1 gain by PCB isolation, mixer 3rd order gain or both of them for at least CA_n25(or n2)-n71 or similar band combinations. It is also possible to achieve MSD of around 0 dB, but the improvement gain per RF components performance becomes worse as MSD reaches 0 dB.
Observation 11: Antenna isolation improvement impact on MSD improvement is not large for at least 2nd and 3rd harmonic mixing for CA_n3-n77 and CA_n25-n71, respectively.

	R4-2212094
	Band combinations for lower MSD discussion
	Nokia, Nokia Shanghai Bell
	Proposal: Since the definition of counting the number of BCs in the WID is not clear, RAN4 should have some flexibility on how to handle the number of example BCs.
Proposal 2: Given that proposal 1 is not yet agreed, we share our preferred band combinations. They are CA_n3-n77, CA_n2-n71 and CA_n2-n5-n77 including all the possible UL bands pairs.
Proposal 3: TR should be structured to capture at least following aspects.
· Feasibility of MSD improvement
· UL harmonic
· Harmonic mixing
· IMD
· Cross and isolation
· Concurrent MSD improvement across MSD types and/or order per BC
· Concurrent MSD improvement across BCs
· Signaling
· Applicability conditions , e.g., per BC, per MSD type including following aspects
· PC, multiple MSD for the same MSD type
· Granularity of lower MSD capability
· Signaling overhead

	R4-2212159
	On the principles of the lower MSD discussion for UE device type 
	Facebook Japan K.K.
	Proposal #1: RAN4 prioritizes only on the PC2 inter-band CA/DC band combinations for the lower MSD discussion.
Proposal #2: If RAN4 decides to investigate the lower MSD issues for both PC3 and PC2 inter-band CA/DC UE, then it is reasonable to consider only NR inter-band DC/CA band combinations which could be supported as release independent manner from Rel-18.
Proposal #3: RNA4 considers the above example CA band combinations for the the lower MSD evaluation during the study phase (until RAN#99-e meeting). The MSD analysis outcomes of inter-band CA band combinations will be applicable to the inter-band DC band combinations.
Proposal #4: The example RF architectures in TR36.860-12 can be reused to evaluate lower MSD according to the different MSD sources.
Proposal #5: The above RF parameters in Table 3-1 and Table 3-2 are considered to evaluate improved MSDs.
Proposal #6: When both ACLR1 and ACLR2 ranges are impacted in the victim carrier due to cross band isolation, RAN4 indicate “ACLR1 & ACLR2” as the interference source in the new MSD Table. 
Proposal #7: To avoid confusion, it is proposed to use NR_ACLR1 and/or NR_ACLR2 to indicate a cross-band interference source(s), instead of using just ACLR1 and/or ACLR2.

	R4-2212317
	The necessity of signaling improved lower MSD
	CMCC
	Observation 1: system performance gain is not clear even when gNB know some UE may behave better MSD.
Proposal 1: It may be better to focus on improving MSD minimum RF requirements caused by harmonic interference at first rather than focus on the signaling.
Observation 2: gNB may roughly know different UEs MSD performance when configure UL RS to simulate harmonic, IMD or cross band interference and measure corresponding DL RS CQI, especially when the MSD difference among different UEs are much obvious, e.g. larger than 10dB MSD difference.
Proposal 2: Before new signaling study, it’s suggested to study whether current scheme could already let gNB know UE’s MSD performance.

	R4-2212318
	MSD example bands and enhanced minimum requirements
	CMCC
	Proposal 1: example band combinations are suggested as below
· CA_n8-n41 is suggested for 3rd harmonic with max 13dB MSD for PC3 CA
· CA_n28-n40 is suggested for 3rd harmonic mixing with max 37.8dB MSD for PC3 CA
· CA_n3-n41 is suggested for IMD4 with max 18.4dB MSD for PC2 CA
Observation 1: actual UE sensitivity performance is much better than specified in 3GPP spec and there is no clear performance gain if only signaling UE’s MSD to gNB. 
Proposal 2: it’s suggested to study the possibility for lower MSD minimum RF requirements.

	R4-2212382
	Analyses and views on MSD improvement for inter-band CA/DC
	Apple
	Proposal 1: Use the band combinations listed in Table 2.1-1 as examples for MSD improvement analyses.
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Observation 1: To reduce MSD caused by UL 2nd order harmonic to below 10 dB, the antenna isolation needs to be better than 20 dB in conjunction with PCB isolation higher than 85 dB.
Observation 2: To reduce MSD caused by 2UL IMD2 to below 10 dB, the antenna isolation needs to be better than 20 dB in conjunction with PCB isolation higher than 80 dB.
Proposal 2: RAN4 to consider harmonizing some of the key RF parameters such as PCB isolation and antenna isolation for MSD evaluation.
Proposal 3: The feasibility on how much PCB isolation and antenna isolation can be improved needs further studies.
Proposal 4: RAN4 should also consider MSD reduction via UL power back-off as part of the objectives during the study phase of the lower MSD investigation.

	R4-2212386
	Initial views on lower MSD in Rel-18 RF FR1 enhancements
	NTT DOCOMO INC.
	Observation 1: It is expected that approach 2 would achieve larger MSD improvements compared to approach 1 thanks to optionality of the feature.
· Approach 1: Improve single MSD value for all band combinations without UE capability, and replace all existing MSD.
· Approach 2: Introduce UE capability to distinguish lower MSD UE.
Observation 2: larger MSD improvements may give benefits in terms of selection of operated band combinations from operators’ perspective.
Observation 3: If there is a correlation between the amount of MSD improvement for a given MSD source and that of MSD improvement for another MSD source, we can combine several MSD improvement as one UE capability to reduce the signalling overhead.
Proposal: To define the signalling design and reduce the signalling overhead, RAN4 should analysis a correlation between the amount of MSD improvement for a certain MSD source and that of MSD improvement for another MSD source.

	R4-2212452
	Discussions on the feasibility of improving MSD
	Huawei, HiSilicon
	Observation 1: Improving the PCB isolation can reduce the MSD, but the effect will soon bottom out once the PCB isolation reaches certain value （e.g. >70 dB）. 
Observation 2: The antenna isolation between the primary branch and the diversity branch is an important factor. The MSD improvement can be almost dB-for-dB once the PCB isolation is large enough (e.g. >70dB).
Observation 3: The MSD caused by IMD2 decreases with the Tx power level at a ratio of 2:1. For MSDs caused by higher order IMD, the ratio of reduction may be more.
Observation 4: The actual MSD experienced by the UE depends on the Tx power levels.
Observation 5: MSD from different sources may not happen simultaneously, depending on the configuration of carrier frequencies, duplex mode of component bands, the order of IMD or harmonics and etc.
Proposal 1: In addition to CA_n3-n78, CA_n1-n40 may be used as an example band combination to further study the MSD caused by cross-band isolation. And CA_n1-n3-n78 may be used as an example to study the MSD caused by IMD falling into a 3rd band.
Proposal 2: Any declared MSD improvement should be testable. FFS whether conductive tests would be sufficient.

	R4-2212453
	Discussions on the feasibility of signalling for low MSD
	Huawei, HiSilicon
	Observation 1: In principle, the low MSD capability is per band combination. For high order band combinations (such as four bands DL), the capability may be derived from its fallback combinations.
Observation 2: The low MSD capability be should applicable for different power classes. The detailed design is FFS.
Observation 3: Subject to design trade-offs, a specific UE implementation may not be able to improve all types of MSDs simultaneously. The low MSD capability should be applicable for different MSD sources individually.
Observation 4: The actual MSD value may be signaled with 1 bit or more than one bits which represents different intervals for the improved MSD.
Observation 5: Dynamic MSD signaling should be considered. UE should be allowed to report its real-time MSD depending on the Tx power levels.
Proposal 1: The following aspects should be considered for the potential signaling design:
· applicability per band combination
· applicability for different power classes
· applicability for different MSD sources
· common threshold(s) for low MSD or multiple low MSD intervals
· dynamic MSD report based on Tx power levels
Proposal 2: The network should treat UEs of different MSD capabilities in a fair manner. And the UEs without indicating low MSD can still be scheduled.

	R4-2212598
	Discussion on lower MSD for inter-band CA/EN-DC/DC
	Xiaomi
	Observation 1: for the harmonic interference, the MSD values for 2nd harmonic are much larger than those for 3rd, 4th and 5th harmonic.
Observation 2: for the IMD interference, the MSD values for 2nd and 3rd order of IMD are much larger than those for other higher orders of IMD.
Observation 3: for the harmonic mixing interference, the MSD values for different order/source seems to have no rule, thus it is hard to get a similar conclusion like observation 1 or 2 about MSD for different order/source.
Proposal 1: to avoid high MSD due to harmonic and intermodulation, only the band combinations that having 2nd harmonic and 2nd/ 3rd order of IMD are studied.
Observation 4: Even for the same type of interference and same order/ source, the MSD difference is very large for different band combinations especially for harmonic mixing
Observation 5: Different Rx channel bandwidth has very different MSD values for the same interference.
Proposal 2: don’t specify general /uniform “low MSD” requirements for all those CA and DC band combinations having high MSD issues even for the same types and same order/source of interference.

	R4-2212715
	Discussion on lower MSD for inter-band CA/ENDC
	ZTE Corporation
	Proposal 1. The criterion to select eligible band combinations should be discussed.
Observation 1: CA and DC between band n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz) have more than 20dB MSD values of 2nd harmonic issue and IMD2 issue, and used to be candidate combinations in Rel-17 discussion.
Observation 2: No cross band isolation issues for n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz), while L-L NR CA band combination n18+n28 has largest cross band isolation MSD problem in current spec.
Observation 3: There are lots of approaches to reduce the MSD, which are implementation or MSD type dependence
Observation 4: It is unrealistic to re-estimate the MSD value case by case for all of the band combination which will be too time consuming.
Proposal 2. Keep the minimum requirements unchanged and no need to defined another sets of better MSD value.
Proposal 3. To define a set of values better than minimum requirement or real time MSD could be as the candidates for the new signaling.

	R4-2212805
	General analysis on improve MSD
	vivo
	Observation 1: A lot of views had already been shared during past discussion.
Observation 2: Among proposals to improve MSD, optional signalling and minimum requirements enhancement from a new release are two different approaches.
Observation 3: Enhancement of minimum requirements is not aligned with RAN4 tradition, would introduce a huge amount of work, and also not necessarily impact more UEs.
Observation 4: The “Lower MSD” criteria can be band combination specific or achieve some commonality between different combinations for easier future extensions if feasible.
Observation 5: Extend the study result on a few example band combinations to more combinations rather than define band combination specific requirements would help work load control and may be beneficial for network use.
Observation 6: When considering differentiation of criteria of “Lower MSD” for different interference types, balance and compromise are needed between UE implementation, network usefulness, and spec conciseness. 
Observation 7: If consider differentiation of criteria of “Lower MSD” for different interference types, attention should be paid to how to consider the case that they do not all satisfy the respective criteria for low MSD.
Observation 8: For the case of different set of MSD were defined for different order of IMDs, whether to consider all the orders for “Lower MSD” criteria need discussion.
Observation 9: No clear way of how to derivate “Low MSD” requirements were agreed. 
Observation 10. Further discussion is needed for absolute or relative thresholds for improve MSD. 
Observation 11: Clarify how network use of “Low MSD” UE may still be helpful for setting up requirements and achieve better behaviour alignment in the future.
Proposal 1: Do not consider changing minimum requirements in the study.
Proposal 2: The band combination (n)3-n78 can be considered as one example band combination for the study, which include harmonics and IMD. 
Proposal 3: Data driven approach which is similar to OTA area can be considered as a reference in setting requirements for this highly implementation specific issue. However, there are still many differences, and the risk and work load may still high though many simplifications can also be expected.
Proposal 4: Depending on study, absolute thresholds values might be more preferred to have a more unified behaviour expectation for UE satisfy Low MSD.
Proposal 5: For any Low MSD UE, only one MSD threshold is expected for a band combination, and no more differentiation to represent “very low/slightly low” etc. 
Proposal 6: Do not consider dynamic reporting / UE SIR measurement and similar schemes for lower MSD.
Proposal 7: Do not consider radiated performance requirements for Lower MSD for CA/DC, at least for this release in this WI.
Proposal 8: Network may propose some tentative threshold with specific system performance gain as kind of target as a reference. 

	R4-2213083
	Discussion on the capability signalling options for Low MSD indication
	CHTTL
	Observation 1: It is observed that significant MSD improvement compared to the minimum requirement is already achievable for some devices in some band combinations.
Observation 2: The indication of low MSD can be beneficial for the network including scheduling and the decision of PScell/Scell addition.
Proposal 1: The low MSD capability is per band combination, and whether different MSD type is also needed to be indicated separately under per band combination can be further considered based on the reporting method.
Proposal 2: The low MSD reporting method can be based on one bit indication or the MSD improvement values compared to the current spec, or the exact MSD values, as options below.
· Option 1: the one bit indication of Low MSD implies that all PC3 MSD of this given band combination is < X dB if the MSD in the spec is higher than Y dB or 0 dB if the MSD in the spec is below Y dB, and probably additional X2, Y2 can be set for PC2 IMD when UL PC2 is supported.
· Option 2: the low MSD report includes MSD = 0 and multiple of X dB improvement for a given interference type.
· Option 3: the low MSD report includes MSD = 0 and multiple of X dB exact values of the actual MSD for a given interference type.
Note that for option 2 and option 3, the reported interference types can be further discussed.

	R4-2213309
	R18 Discussion on MSD improvement approaches
	OPPO
	Observation 1:    The selected band combination should have relatively high MSD to give more chance to be improved, and should cover multiple interference types to facilitate discussions.
Proposal 1:         Take n3+n78 as example band combination for harmonics and IMD interference, n41+n78 for cross band isolation and harmonic mixing interference.
Observation 2:    When define MSD requirements, different companies have used different assumptions for components which cause MSD result differences. And by for example averaging, RAN4 get the final MSD requirement.
Observation 3:    It is difficult for RAN4 to review all the component assumptions without a consensus on the exact value used for each component.
Proposal 2:         RAN4 focus on the key MSD contributor (PA linearity, filter rejection, antenna and PCB isolation), get consensus on the already used value and the room for improvement, then the relative MSD improvement.
Observation 4:    Improve PCB isolation can get large MSD reduction, but 90dB PCB isolation is not suitable for requirement definition.
Observation 5:    The PCB isolation was around 65-75 based on measurements in LTE reference design and the PCB isolation is no more than 70dB at 3.5GHz for commercial smartphone design.
Proposal 3:         Propose to study how much PCB isolation commercial smartphone can achieve.

	R4-2213310
	R18 Discussion on MSD improvement signalling
	OPPO
	Observation 1:    MSD probably cannot be used as the only condition to decide whether NW configure or not configure a band combination since it also depends on other factors like the DL signal levels and UE Tx power.
Proposal 1:         Propose to clarify how MSD signaling will be used by NW if UE report large or low MSD values.
Observation 2:    Defining two quite different sets of MSD in RAN4 spec may cause confusion about the minimum requirements. Comparingly, by NW configured MSD threshold and UE report its ability would be more flexible.
Proposal 2:         Consider NW configured MSD reporting threshold and UE indicate its ability instead of defining another MSD requirement in RAN4 spec.

	R4-2213728
	TR skeleton for lower MSD
	Huawei, HiSilicon
	



Open issues summary
Sub-topic 4-1: Example band combinations for MSD analysis
Issue 4-1-1: Candidate example band combinations
The following band combinations are proposed in this meeting:
	Proponent
	Proposed band combinations
	MSD types

	R4-2212094
(Nokia)
	CA_n3-n77, 
	

	
	CA_n2-n71
	

	
	CA_n2-n5-n77 including all the possible UL bands pairs
	

	R4-2212382
(Apple)
	CA_n3-n78
	2nd harmonics, IMD2

	
	CA_n28-n40
	Harmonic mixing 3rd order

	
	CA_n18-n28
	Cross-band interference

	R4-2212318
(CMCC)
	CA_n8-n41
	3rd harmonic

	
	CA_n28-n40
	3rd harmonic mixing

	
	CA_n3-n41
	IMD4

	R4-2212159
(Meta)
	a.	2nd Harmonic case: CA_n1A-n77A, CA_n3A-n77A
b.	3rd Harmonic case: CA_n7A-n8A
c.	4th Harmonic case: CA_n5A-n77A
d.	5th Harmonic case: CA_n8A-n79A
	Harmonic 

	
	a.	2nd Harmonic mixing: CA_n3A-n77A
b.	3rd Harmonic mixing: CA_n28A-n40A
c.	4th Harmonic mixing: CA_n5A-n77A
d.	5th Harmonic mixing: CA_n13A-n77A
	Harmonic mixing

	
	a.	2nd IMD: CA_n1A-n77A
b.	3rd IMD: CA_n1A-n3A
c.	4th IMD: CA_n1A-n77A
d.	5th IMD: CA_n5A-n77A
	IMD

	
	CA_n41A-n77A
	Cross band isolation

	R4-2212715
(ZTE)
	CA and DC between band n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz)
	2nd harmonic, IMD2

	
	n18+n28
	Cross band isolation

	R4-2212598 (Xiaomi)
	only the band combinations that having 2nd harmonic and 2nd/ 3rd order of IMD are studied
	

	R4-2211822 
(QC)
	n66+n78
	2nd harmonics

	
	n2+n77
	IMD2

	R4-2211926 
(CUC)
	CA_n1-n78
	IMD4

	
	CA_n3-n78
	2nd harmonics, IMD2, IMD4

	R4-2212010
(Samsung)
	CA and DC between band 2/3(1.8/1.9GHz) and n77/n78 (3.5GHz)
	

	R4-2213309 
(OPPO)
	CA_n3-n78
	2nd harmonics, IMD2/4

	
	CA_n41-n78 
	cross band isolation and harmonic mixing

	R4-2212452
(Huawei)
	CA_n3-n78
	2nd harmonics, IMD2/4

	
	CA_n1-n40
	cross band isolation

	
	CA_n1-n3-n78
	IMD falling into a 3rd band

	R4-2212805 
(vivo)
	band combination (n)3-n78
	harmonics and IMD



Moderator’s recommendation:
· Recommended WF
· Down select the band combinations
· Alternative way handling band combinations to facilitate the lower MSD study can be considered as well
	Company
	Comments

	Qualcomm
	For simplicity should analyze combinations with 2 bands only. For IMD (IMD2) can select n2-n78 or n3-n78. For harmonic can select n3-n77 (2nd harm)

	OPPO
	It seems n3+n78 has got many support from the papers, and we also support to analysis it for 2nd harmonics and IMD2/4.

	vivo
	It seems that n3-n78 can satisfy both IMD2 and 2nd harmonics. It is proposed to focus one single band combination for both IMD2/2nd harmonics to further simplify the combination.

	Xiaomi
	We are ok to down select from the proposed band combinations. However, we may need to have some rules first. For example, which interference types should be considered? For harmonic and IMD, which order should be considered? Is only one example band combination considered for each interference type?

	Skyworks
	We support starting with 2 band DL cases but example should cover all types of MSD: UL harmonics, Harmonic mixing, IMDs and Cross band. In our view, as much as possible we should target the lowest/worst case order interference. H2 for UL harmonic, H3DL=UL for harmonic mixing, IMD2 and IMD3 (low frequency separation case) and lowest band separation vs CBW for cross band

	Nokia
	CA_n1-n3-n77 and relevant fallbacks can be one of the band combinations since it includes almost all the MSD types except for certain order MSD types, e.g., 
(UL, DL)=(n3-n77, n3-n77): IMD2, IMD4, 2nd harmonic mixing(one UL is ok, though), 2nd harmonics(one UL is OK, though)
(UL, DL)=(n1-n3, n1-n3-n77): IMD falling into 3rd band, Cross band isolation, IMD3
Similarly, CA_n2-n5-n77 covers all the MSD types except for certain order of MSD types
On top of that, we should reuse what RAN4 has done thus far since there were discussion on MSD improvement in the past. We should not exclude them like CA_n2-n71

	Huawei (JW)
	There’re several common choices among companies’ proposals for IMD and harmonic/harmonic mixing, which should make the down selection feasible. Additionally, we’re open to further discuss example bands for other MSD sources. Note that we recommend to prioritize band combinations with large MSDs, e.g., >20 dB.

	Samsung
	Example band combinations should be selected to cover all kinds of MSD:
1) 2-bands combinations to cover harmonic, harmonic mixing, IMD of dual UL falls into own DL, cross band isolation
2) 3-bands combinations to cover IMD of dual UL falls into the third DL, all the fallbacks(2-bands) shall be evaluated together
In addition, BC supporting both PC2 and PC3 are preferred as candidate to study both PC.
With above, from all the examples proposed by the experts, it is suggested to consider below CA combos or counterpart DC combos:
1) CA_n3-n78 as candidate to evaluate harmonic, IMD to own DL (Both PC3  and PC2 are supported for this combo)
2) CA_n41-n77 as candidate to evaluate cross band isolation and harmonic mixing (Both PC2 and PC3 are supported for this combo)
3) CA_n2-n5-n77 as candidate to evaluate IMD of dual UL falls into the third DL (UL_n2-n5 supports PC3, UL_n5-n77 and UL_n2-n77 support Both PC2 and PC3), all the fallbacks(2-bands) shall be evaluated together, i.e., CA_n2-n5, CA_n2-n77, CA_n5-n77 shall be evaluated together.
It also ok for us to evaluate 2-bands combination in the first place.
Nokia’s suggestion (comment) is also fine for us.

	CHTTL
	Support to consider CA and DC between band 2/3(1.8/1.9GHz) and n77/n78 (3.5GHz) for the harmonics and the IMD, also 2nd harmonic mixing can be covered, and note that here DC includes NR-DC and EN-DC.
Other combinations can be picked to cover cross-band isolation and odd-order harmonic mixing, we do not have strong view so far.

	CMCC
	To simplify analysis, two-band combination is suggested. 
About example band, 
CA_n8-n41 is suggested for 3rd harmonic with max 13dB MSD for PC3 CA
CA_n28-n40 is suggested for 3rd harmonic mixing with max 37.8dB MSD for PC3 CA
CA_n3-n41 is suggested for IMD4 with max 18.4dB MSD for PC2 CA

	ZTE
	Of course, down selecting is needed.
[bookmark: OLE_LINK11]We see differernt proposals form different companies, some of them are based on operator request, some of them are based on the combinations whose MSD is larger than 20dB selected, or some of them are based on harmonic/harmonic mixing/IMD, and or  based on PC3 and/or PC2/1.5 Or  based on typical/popular band combinations which were widely deployed.
[bookmark: OLE_LINK5]So in our understanding, The criterion to select eligible band combinations should be discussed first.
[bookmark: OLE_LINK22]CA and DC between band n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz) are used to be candidate combinations in Rel-17 discussion, so maybe we can continue to adopt it, and we think n2/n3+n77/n78 may be counted as one type band combination since they have same IMD issue and MSD values.

	Apple
	We suggest to focus on 2-band combination(s) with UL 2nd harmonic and IMD2 first, followed by 2-band combinations with 3rd order harmonic mixing anf cross-band isolation.

	China Unicom
	CA_n1-n78 is proposed to cover IMD4 case.
CA_n3-n78 is to cover 2nd harmonics and IMD2, which is also interested by several companies.

	NTT DOCOMO
	We support Nokia’s suggestion to include CA_n1-n3-n77. According to TS 38.101-1 v17.6.0, we can see CA_n1-n3-n77 has larger MSD than 20dB for IMD2/3 and H2. For cross band isolation, MSD due to interference from n1 with 50 MHz CBW to n3 is discussed in thread [102], and the MSD values would be around 20dB. For harmonic mixing, the MSD from n77 to n3 seems small, it may be better to include another band combination.

	Meta
	 These example band combinations according to different sources can be decided by majority.

	AT&T
	We support the proposals from Nokia and Samsung (or a merge of the two) as a starting point. These proposals align well with the WID. The WID is clear that we should study MSD improvement with different MSD sources (harmonics, IMD2/3/4/5, cross band isolation and harmonic mixing). We would also like to check improvement feasibility for an example low-low combination. 



Issue 4-1-2: power class to be considered for the band combinations in lower MSD study
Option 1: Both PC2 and PC3 band combinations could be considered as example band combination (R4-2212010 Samsung)
Option 2: RAN4 prioritizes only on the PC2 inter-band CA/DC band combinations for the lower MSD discussion (R4-2212159 Meta)
Option 3: Others

Moderator’s recommendation:
· Recommended WF
· TBA 
	Company
	Comments

	Qualcomm
	Option 3: Any band combination regardless of power class that has high MSD (for example >[20] dB) should be considered for MSD reduction

	OPPO
	Option 3, after chosen of the example band combination, the power class can be further looked at, because some of the band combinations might even haven’t defined PC2. But in general, to limit the workload, we prefer to only analyze one power class for each band combination.

	Skyworks
	In any case is MSD is reduced for PC3 it can be reduced for PC2 so we can focus on PC3 then PC2 case can be adjusted accordingly

	Nokia
	Option 3: we support considering different power class aspects, but Option 1 excludes PC1.5 as 1UL/xDL. In addition, we don’t agree with Option 2. We don’t see the reason to deprioritize PC3 MSD. 

	Huawei (JW)
	Option 1 is preferred, since many PC3 band combinations already require large MSD values. On the other hand, there’s no need to duplicate the work between PC3 and PC2. We believe the methodology for analysis as well as the potential solution could be applicable for any power classes.

	Intel
	Option 1: prefer to keep PC2 as a priority, yet PC3 can also be considered at same time.  PC1.5 is also possible

	Samsung
	Option1, The example band combinations candidate we preferred the one support both PC2 and PC3, but in terms of Low MSD capability, it should be applicable for all Power class.
From our comparison of different power classes, regarding MSD due to IMD, PC2 could allow more than 10dB larger MSD than PC3; while for harmonic, harmonic mixing, and cross band isolation, the delta between PC1.5 and PC2, PC2 and PC3 is almost less than 3dB. In addition, there are also many PC3 combos with large MSD and HPUE is not allowed in some regions.
Therefore, the band combinations that support both PC2 and PC3 are preferred as candidate, both PC3 and PC2 could be evaluated.


	CHTTL
	Option 1

	CMCC
	For the band combination that has large MSD for PC3, its PC2 MSD would be even worse. For such band, we may focus on PC3 to simplify the analysis at first.
Besides, we should also consider the band combination that only has larger PC2 MSD but relatively less PC3 MSD. If time is limited, such band combinations can be considered later.

	ZTE
	Not all of band combinations have PC2 and PC3 requests. And it was stated in the WID:
· Select a limited set of band combinations (2-4 combinations) to cover all types of MSD (harmonic, harmonic mixing, IMD and cross band isolation)
 
So we may only focus on the selected 2~4 combination, which is pending on the issue 4-1, also we think criterion including power class should be discussed first.
In general, we think any power classes are possible, but we should narrow down the workload.

	Apple
	Either PC2 or PC3 is fine. The MSD improvement mechanism should be applicable to both power classes. 

	China Unicom
	Support option 1, which is also proposed in our contribution (R4-2211926).
The main reason for the proposal is to have a solution for MSD mitigation which shall be applicable for different power classes.

	NTT DOCOMO
	Option 1 or 3, PC3 should be included.

	Meta
	We are fine with option 2 as proponents. Also we can accept option1. One discussion point is release independent manner for lower MSD capability.

	AT&T
	Option 1. We need to evaluate HPUE and PC3 MSD improvement. This was discussed in the scoping of the WID and the WID was kept generic to address both cases.




Sub-topic 4-2: Study of MSD improvement
Issue 4-2-1: Whether to change the existing MSD requirement
Option 1: Do not consider changing minimum requirements in the study (R4-2212805 vivo).
Option 2: Keep the minimum requirements unchanged and no need to defined another sets of better MSD value (R4-2212715 ZTE)
Option 3: it’s suggested to study the possibility for lower MSD minimum RF requirements (R4-2212318 CMCC)

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion

	Company
	Comments

	Qualcomm
	Option 1:The existing MSD requirements will not be changed. An optional lower MSD value will be defined for certain band combinations where the current value is deemed to be very high. We would define a high MSD as any value >[20] dB.

	OPPO
	Option 1. And the improved MSD value can be considered as an enhanced optional capability. Whether this improved MSD will shown in the spec is FFS.

	vivo
	Option 1. Changing existing minimum MSD requirements is not realistic.

	Xiaomi
	Option 1.

	Skyworks
	The MSD reduction is understood as optional thus we do not see that the requirement should be changed. How we capture the reduction in the spec is subject to how we design the signaling (as  adelta, a new value, per MSD, for worst case MSD…)

	Nokia
	Option 1: 
For option 3, we understand the proposal and it looks very good if the minimum requirements to be newly defined is significantly better than the current ones and we can achieve many agreements for many band combinations. 
We, however, think that we need to keep the original plan, i.e., to set optional capability for lower MSD in a generic way since this topic in the WI is not address some specific MSD for specific band combinations in our understanding. Of course, we understand that there are pros and cons actually. If we can tighten minimum requirements, that looks good, but if it takes say, several years to change only a few MSDs only for some band combinations, the total gain as 3GPP or industry may not be that much. We think handling Lower MSD as optional capability goes more smoothly than tightening minimum requirement(though still it may take time.)
According to our study, depending on which measures to be used to improve MSD, the amount of improvement becomes quite different. But of course, there have been band combinations even UE vendors proposed zero MSD in the past like harmonic mixing 1.8G+3.5G (actually, no requirements for PC3 CA, but requirements for PC3 EN-DC). E.g., this MSD can be zero if agreeable. But again, it’s not good to change the original plan due to Option 3.

	Huawei (JW)
	Either option 1 or 2 is fine. No changes to the existing MSD requirements, but to define a new set of requirements seems infeasible.

	Sony
	Option 1 and 2.

	Intel
	Study the potential for lower MSD as a signalled option.  We support option 1 and an enhanced capability MSD.

	Samsung
	Agree with Option 1/2 (Option 2 is similar with Option1, if my understanding correct)
It should be noted that PCB layout and chipset placement are really a very tough work for both RF engineers and PCB engineers, sometimes the PCB routing for one BC is optimized would always sacrifice the performance of another BC, so in terms of low-end UE (under 300 dollars), it is unrealistic to achieve significant improved MSD due to the cheap chipset-selection and imperfect PCB layout. However the low-end UEs shall not be kicked off considering the diversified needs of the market.
Hence, we disagree to open the discussion of tightening MSD requirement which is also not a usual work approach and would burn off a lot of energy, leading to potential endless argument.

	CHTTL
	Though we are fine to study possibility for lower MSD minimum RF requirements, however, it shall not be the stopper to consider low MSD capability. 

	CMCC
	We propose option 3, but as analyzed from Nokia, updating minimum requirement may take several years. Option 1 is also OK for us without changing minimum RF requirements.
About the improved lower MSD, there are many methods to report it to NW. for example UE reporting the detailed value or defining as optional requirement in RAN4 and UE reporting which is supported. We can first focus on the how to improve MSD and then find out how to report it.

	ZTE
	Option 1 and option 2 are the same view on not changing the exising MSD requirements. But in option 2, it is additional emphasize there is no need to define new lower MSD requirement in the spec.  We think it is infeasible to do so considering the workload.

	Apple
	It depends on the outcome of the MSD improvement studies. We also understand that it would not be practical to tighten the MSD requirements for the existing band combinations nor to introduce a second set of MSD requirements on top of the existing requirements. The applicability of the MSD framework for new band combinations after the study phase can be further discussed.  

	Meta
	Option 1

	AT&T
	We would like to come back to this issue after the lower MSD feasibility study. We should further consider how to treat the lower MSD in the core spec after the signalling study has made progress.

	T-Mobile USA
	The difference between Option 1 and Option 2 is unclear to us. Both seem to not change the minimum requirements. Does Option 1 keep the original requirements and allow for optional improved requirements? 



Issue 4-2-2: RF component assumptions for lower MSD analysis
Option 1: (R4-2212159 Meta).
For the MSD evaluation, following parameters can be considered as assumptions. The detail operating band specific levels in Table 2 are proposed by UE vendors to evaluate the required MSD values.
Table 1: UE RF Front-end component isolation parameters
	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna for smartphone type UE

	PA (out) to PA (in)
	60
	PCB isolation (PA forward mixing)

	Triplexer
	20
	High/low band isolation

	Diplexer
	25
	High/low band isolation

	PA (out) to PA (out)
	60
	L-H/H-L cross-band

	PA (out) to PA (out)
	50
	H-H cross-band

	LNA (in) to PA (out)
	60
	L-H/H-L cross-band

	LNA (in) to PA (out)
	50
	H-H cross-band


Table 2: RF parameters for the dual uplink transmission
	parameters
	level

	Total NF (dB)
	9 dB
10dB in n77/n78/n79

	RFIC Noise for Rx band (dBm/Hz)
	Operating Band specific level

	PA Noise for Rx band (dBm/Hz)
	Operating Band specific level

	PA Gain for Rx band (dB)
	28 for PC3 UE
31 for PC2 UE

	Duplexer Tx/Rx isolation (dB)
	Operating Band specific level

	RF Front-End Loss (dB)
	4

	Diversity gain (dB)
	3

	Ant. Switch IP2/IP3/IP4/IP5
	Operating Band specific levels

	Diplexer IP2/IP3/IP4/IP5
	Operating Band specific levels

	Duplexer IP2/IP3/IP4/IP5
	Operating Band specific levels

	PA Forward IP2/IP3/IP4/IP5
	Operating Band specific levels

	PA reversed IP2/IP3/IP4/IP5
	Operating Band specific levels

	LNA IP2/IP3/IP4/IP5
	Operating Band specific levels



Option 2: others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option2: Do not think that we must agree on individual component assumptions as it will be very difficult to get companywide agreement on all values. Different implementations may have different trade-offs which may end up giving similar MSD values though the performance of individual components may not be the same. Our analysis indicates that improving antenna and PCB isolation is key to improving the MSD for certain band combinations where harmonics and IMDs are the main impairments.  If we want to reduce MSD for these cases, it will be crucial to reduce these isolation values.

	OPPO
	Option 2, 
When RAN4 defined MSD requirements, different companies have used different assumptions for components which cause MSD result differences. And by for example averaging, RAN4 get the final MSD requirement. Therefore, it is difficult for RAN4 to review all the component assumptions without a consensus on the exact value used for each component. 
However, RAN4 can focus on the key MSD contributor (PA linearity, filter rejection, antenna and PCB isolation), get consensus on the already used value and the room for improvement, then the relative MSD improvement.
Regarding the proposed “improved value” during the study, we suggest to study how much commercial smartphone can really achieve and use that as baseline.

	Vivo
	Option 2. It is quite difficult, if not unrealistic to try to have such comprehensive agreements. Actually even reaching assumptions of a few key parameters such as antenna/PCB isolation might still be challenging.

	Xiaomi
	Option 2. Case by case manner may be more suitable for evaluating on how much improvement could be achieved for specific band combination.

	Skyworks
	We agree with Qualcomm that it is not feasible to align every single performance or even architecture assumptions: the implementation freedom needs to be guaranteed even for improved MSD. The easiest it to identify the key contributor to the MSD and see if it can be improved (isolations, filter performance…) and when possible agree on feasible range.

	Nokia
	Option 2: We don’t agree with the proposal since we are not sure the motivation of this proposal.
For instance, PCB isolation (PA forward mixing) of 60 dB for PA (out) to PA (in) is proposed. What we are going to study is how much amount of MSD improvement a UE that supports even better PCB isolation can achieve.  

	Huawei (JW)
	Option 2: Discuss the feasible range of the key RF assumptions. 
Share similar view with OPPO and Skyworks. It’d be difficult to agree on a common set of parameters as per previous experience. However, we could try to reach consensus on the range of some key assumptions, e.g. antenna isolation (10-20dB?), PCB isolation (60-80dB?). It was also suggested that PCB isolation should be <=70dB at 3.5GHz. And PA harmonic suppression or mixer harmonic rejection are key factors to determine harmonic related MSD.
Once the range of the key parameters are settled, the amount of potential MSD improvement may be derived with the method as shown several contributions.

	Intel
	We could agree to several of these isolation values a baseline numbers, such as triplexer and duplexor.  Yet for antenna-to-antenna isolation and some of the values that depend on PCB layout we might suggest to agree on a range of values.

	Samsung
	Couple with Issue 4-2-4/6
Improved MSD evaluation based on link budget calculation is preferred. We agree with Apple to firstly harmonize some key factors contributing to improvement of all kinds of MSD, i.e.,
1) Antenna isolation→15-20dB could be achieved for some bands of the commertial UE, so at least within 15-20dB could be considered for evaluation for the moment
2) PCB isolation→ Cannot be measured, however in terms of PCB rounting and chipset placement, the bands within the BC could be physically far away,  75dB might be a reasonable range for evaluation for the moment
In addition, other factors contribute to improvement to specific kind of MSD could also be considered, values based on the companies’ input.

	CHTTL
	Clarification that this is for the baseline MSD analysis, not for the lower MSD analysis?
And we share the similar view as Nokia.

	CMCC
	Option 2. We may need further study about the key parameters that will determine final MSD, e.g. antenna isolation and PCB isolation as proposed by other companies.

	ZTE
	Option 2.
It seems there is no difference for the parameters in table 1 with the existing parameters?
We believe there were lots of approaches to reduce the MSD value.
For IPx, it is quite complicated to defined as operating Band specific levels. Actually, many MSD values were given in the TP to TR without detail analysis/assumption, not sure how the proponent choose the parameters.

	Apple
	We understand it would be difficult to agree on a whole set of RF performance parameters. How about to consider harmonizing an improved assumption of PCB isolation and antenna isolation and leave other RF parameters at company’s own discretion.

	Meta
	We are open to RF parameters assumptions and vendor specific level also fine to evaluate the MSD study. But some values can be considered the ranges or specific value. 

	AT&T
	Option 2. Once we agree to the example band combinations, we can review the key contributors and target the further assumptions for MSD improvement at that time.



Issue 4-2-3: Harmonic/IMD order for lower MSD analysis
Option 1: to avoid high MSD due to harmonic and intermodulation, only the band combinations that having 2nd harmonic and 2nd/ 3rd order of IMD are studied (R4-2212598 Xiaomi)
Option 2: others

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion

	Company
	Comments

	Qualcomm
	Option 2: We agree that in general the 2nd and 3rd order IMDs will give the highest MSDs. For this study we should analyze band combinations that have high MSDs and examine ways of reducing it regardless of what order of impairment is causing it.

	OPPO
	Agree with QC comment.

	Xiaomi
	Base on the statistic for all band combinations in current spec, it can be observed that the MSD for 2nd harmonic or 2nd/3rd of IMD is at least greater than 20dB, but for high order, the MSD would be less than 13dB. As intention for this WI is to address high MSD issue, the 2nd harmonic and 2nd/3rd order of IMD are more worthy to be studied than other orders. If it is not agreeable, at least it could be as a reference to down select for the example band combinations.

	Skyworks
	We also agree that H2/H3 and IMD2 and IMD3 should be the target to identify the key issues, it is likely that any of these improvements will also enable lower MSD for other orders (if these are also high)

	Nokia
	Option 2. We don’t need to limit out study scope to the proposal. Because when PC2 is considered, even IMD4 can have around 20 dB MSD in some cases. 

	Huawei (JW)
	This is related to issue 4-1-1. It seems that option 1 is trying to establish some criteria for the candidate selection, which is worth further discussion. 
The criterion may be rephrased as “the candidate band combinations should have MSD values > [20] dB” and cover different MSD sources.

	Samsung
	Share similar view with Nokia. In terms of improved MSD study, no need to limit the scope currently.

	CHTTL
	We share the same view as Nokia and Samsung, the WI scope also includes harmonic mixing and cross-band isolation. In addition, there are some combinations suffer multiple order of IMDs, higher order IMD might jointly improved, with more generic approach can be further consider or discussed in the low MSD capability. So at this stage, we think it is a little bit early to restrict to 2nd harmonic and 2nd/3rd   IMD only.

	CMCC
	Share similar view with Nokia and Qualcomm

	ZTE
	We also agree that  H2/H3 and IMD2 and IMD3 gives highest MSDs values. If several orders exist for a certain band combination, then the method to reduce the MSD values should be the same.  Anyway, we think criterion should be discussed. 

	Apple
	H2 and IMD2 can be the starting cases, but it does not mean other interference mechanisms are precluded.

	Meta
	We are fine the proposal. It can be a start point for lower MSD study. 

	AT&T
	Option 2. We need to consider the aspects of the feasibility study in the WID. We also agree with the Nokia and CHTTL comments.



Issue 4-2-4: Methods to improve MSD 
Proposal 1: RAN4 to consider harmonizing some of the key RF parameters such as PCB isolation and antenna isolation for MSD evaluation (R4-2212382 Apple)
Proposal 2: The feasibility on how much PCB isolation and antenna isolation can be improved needs further studies (R4-2212382 Apple)
Proposal 3: RAN4 should also consider MSD reduction via UL power back-off as part of the objectives during the study phase of the lower MSD investigation (R4-2212382 Apple)
Proposal 4: RAN4 focus on the key MSD contributor (PA linearity, filter rejection, antenna and PCB isolation), get consensus on the already used value and the room for improvement, then the relative MSD improvement (R4-2213309 OPPO)

Moderator’s recommendation:
· Recommended WF
· To check whether the above proposals are agreeable based on 1st round discussion

	Company
	Comments

	Qualcomm
	We support proposal 1 and 2. It is seen that the antenna isolation and PCB isolation have a large impact on the MSD for those band combinations that have high MSDs due to harmonics and IMDs. How much antenna isolation and PCB isolation improvement can be achieved should be studied further. This will enable companies to agree on whether greater isolation is possible.

	OPPO
	Option 4. These are the key factors can be considered. If only focus on antenna isolation and PCB isolation, then we suggest to use commercial UE value as the baseline.

	vivo
	Proposal 2 seems beneficial. However, this may still not that easy to be verified, and final result also depending on other parameters. It is not clear whether it is possible to reach harmonized values.

	Xiaomi
	We are open to all the proposals at current stage.

	Skyworks
	We support proposal 1 and 2 but we need to decide if this is targeting specific implementations (for example PCB isolation effect is very different for discrete vs full Tx/Rx module implementations)
For proposal 3: we believe that is obvious to consider is whether MPR/A-MPR can be considered for MSD. There are a few cases (like cross band isolation where it is worth discussing). ie when a low ACLR region is the cause of the MSD it should be feasible to start from situation where ACLR and SEM is met (and close in OOB emissions)
Proposal 4: does not seem in opposition with other proposals as we must for sure identify the key contributors and not waste time on aligning parameters that have little influence. We have a comment on PA linearity though as this is a key to how we calibrate PAs for assessing they interference level. We should at least consider MPR/A-MPR but I am not sure we can go beyond. Note that PAs are reused across many bands so it is difficult to provide better performance in one band at the expense of other bands, filters however are specific to one band but given the many bands/combinations to be supported the filter rejection cannot be improved in one band at the expense of other bands.

	Nokia
	We don’t agree with Proposal 1, 2 and 3 due to following reasons and we think that proposal 4 needs some modification.
Proposal 1: 
This proposal is not for lower MSD capability. It’s noted that the proposal itself is reasonable if this applies to basket WI discussion improvement.  The original intention of lower MSD capability is optional capability and if a UE implements better MSD with better RF components performance, the UE can indicate the lower MSD capability. Note that we are ok to discuss and identify what the key RF parameters are for the respective MSD types.  
Proposal 2: 
Given that the capability is optional, we don’t see the benefit to agree with certain values for RF parameters’ limitation related to MSD. There is no reason for 3GPP to block someone who wants to implement something even better and want to show its ability. Of course, if there was a band combination whose MSD could be zero only with 100 dB filter attenuation, that couldn’t be feasible. But this band combo just cannot use lower MSD, but we don’t need to block other band combo whose MSD can be zero with 50 dB filter attenuation.
Proposal 3: 
We understand that if power is reduced, MSD is reduced. That must be true, but it’s relation in the end comes to lower MSD. If a UE with lower MSD capability, that UE can have more tolerance toward UL power than UE without lower MSD capability. Does Apple propose to reduce UL power to reduce MSD?
Proposal 4: 
At least we tend to agree with identifying key parameters to impact on respective MSD types while we don’t see the necessity of reaching consensus on the already used values. For example, if a PCB isolation is one of the key parameters for MSD due to IMD, we can just show how much amount of MSD improvement is possible by sweeping the value of PCB isolation.
A company may use from 60 dB to 95 dB, another company may use 65 dB to 90 dB etc. Then, we see the tendency on how MSD changes according to that parameter. Given that the capability is optional, the upper limit of the key parameter is not the point to be discussed at the beginning. But of course, e.g., if a harmonic filter attenuation was the only the key parameter to reduce MSD for harmonic interference, and to improve MSD to some extent (this threshold is uncertain, though), unrealistic attenuation is required, that can be discussed. As far as the capability is optional, if OPPO thinks 90 dB PCB isolation, then, their UE wouldn’t indicate lower MSD capability corresponding to PCB of 90 dB, but we don’t need to block some other UEs with better performance to indicate its capability.  

	Huawei (JW)
	P1: please refer to our comments for issue 4-2-2. It might be easier to reach consensus on the feasible range of the key RF parameters instead of fixed values.
P2: agree
P3: agree
P4: we agree to focus on the key MSD contributor. This part is in common with P1 and P2.

	Sony
	We think all the possible methods to improve MSD should be considered. 

	Samsung
	Agree with Proposal 1/2, please see comment on Issue 4-2-2, the two key parameters could be harmonized
For proposal 3, it would be good to get more clarification on When to perform power back-off?

	CHTTL
	It seems like this is related to Issue 4-2-1 and probably it depends on the outcome of the Issue 4-2-1.
We also don’t agree with proposal 1/2/3 as the same view as Nokia. 
And we are confused about P3 on where the improvement is, in our understanding MSD is defined as the degradation of the reference sensitivity, applying more UL power back-off is not meaningful in terms of the overall improvement, with the trade-off that the UL coverage will be impacted.

	CMCC
	Proposal 1,2 and 4 are OK for us. for proposal 3, if our understanding is correct, it will reduce UL power. Higher power will lead to worse MSD. When UE transmit with high power, it usually locate in somewhere with bad propagation environment. If so reducing power may limit UL coverage. so proposal 3 is not preferred by us.

	ZTE
	Are we going to re-evaluate the MSD requirement and defined the new low MSD requirements for the exising band combination in the spec in this WID? If it is, then we disagree with Option 1/2/4. Option 1/2/4 may be useful for new introduced band combination, not for the existing ones.

	Apple
	As the proponent of Proposal 1/2/3, we support the three proposals. We also think proposal 4 is reasonable.
As we commented several times, MSD requirement has been derived based on a selective possible worst-case carrier configuration where UL aggressor is assumed transmitting at maximum output power per its power class without taking into account the MPR or A-MPR, which however may not always represent the real field operating condition. Under the circumstance that UE is close to base station, MSD may no longer be an issue as its interference level is reduced along with the UL power back-off through power control. Therefore, MSD alone should not be used as the criterion by the network to determine whether the combination would be scheduled to the UE or not. With that being said, if RAN4 did introduce certain capability to indicate lower MSD support, the network should not always give higher resource priority to lower MSD UE. For example, the higher MSD UE close to the base station could be subject to less REFSENS impact than lower MSD UE near the cell edge. In this case, it would not be fair to deprioritize the scheduling of the higher MSD UE.
P3 study is intended to provide a guidance to the network on how much power back-off, the UE can be free from MSD impact for certain MSD type. The power back-off can be signalled the the network through PHR report. Such information can be well used by the network for assisting band combination scheduling.    

	NTT DOCOMO
	For Proposal 3, we need to understand how this scheme would work.
Our understanding is that when UE transmits in higher PSD with the transmission power around maximum output power level and small number of RBs, severe sensitivity degradation would be an issue. In such case, it is expected that UE is likely far from BS, and that’s why UE needs to transmits in higher PSD. Therefore, we wonder if UE can apply UL power back off in such situation.

	Meta
	These P1, P2 and P4 are aligned with our paper. For P3, the power back-off is only assumed in conformance test. So it is not realistic. But as explained by proponent, this is can be referred in gNB.

	AT&T
	None of the options for now. Once we agree to the example band combinations, we can review the key contributors and target the methods for MSD improvement at that time.



Issue 4-2-5: How to justify the improved MSD 
Proposal 1: Any declared MSD improvement should be testable. FFS whether conductive tests would be sufficient. (R4-2212452 HW)
Proposal 2: Do not consider radiated performance requirements for Lower MSD for CA/DC, at least for this release in this WI (R4-2212805 vivo)
Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion

	Company
	Comments

	Qualcomm
	Proposal 3: Testability issue should be further studied in RAN5, in the next release or in a separate WI. In this WI companies should solely concentrate on establishing the equirements for low MSD. 

	OPPO
	Ok with proposal 1.

	vivo
	Considering the difficulty of radiated performance, it is proposed not consider it at least in this release and this WI. However, for conducted test, it seems there is no testability issue. We can verify what can be verified.

	Xiaomi
	Proposal 1 is reasonable.

	Skyworks
	Testability will depend on how the improved MSD will be captured, this is RAN5 work once RAN4 as a clear way of capturing this optional capability

	Nokia
	We don’t agree with Proposal 1. We wonder why do we need to differently handle MSD between current minimum requirements and lower MSD capability? 
For proposal 2, we don’t agree with it without clarification. 
The proposal may be interpreted that antenna isolation aspect is out of scope for study on MSD. Perhaps, alternative is no new lower MSD specific requirements including side conditions like # of RBs, CBW etc. are introduced into RAN4 spec except for a kind of NOTE to explain that if a lower MSD capability is indicated, the minimum requirement is replaced with the value or subtracted from min requirement by the value indicated by the capability and a complimentary NOTE to explain the indication method if any if lower MSD is specified.

	Huawei (JW)
	Support P1, and P2 is subject to further study. 
Note that all the MSD requirements specified so far are based on limited antenna isolation, be it 10dB or 15dB, which are not reflected in conductive tests. As shown in our paper, little MSD would be shown if the antenna isolation is large enough. This raises a serious issue on the testability of MSD improvement.

	Sony
	We support proposal 1, the declared MSD improvement should be testable

	Samsung
	Support proposal 1, but no need FFS (conductive is enough).
In our view UE RF feature must be defined as verifiable, hence we shall define the MSD threshold(s) based on the outcome of how the MSD could be improved in the first place, which makes this capability testable.
We think conductive is enough, since the specified MSD (Minimum MSD requirements) is defined under conductive mode, Lower MSD capability could be verified under the same settings of the UL/DL configuration and test points as in the current specification. On the other hand, FR1 CA OTA currently is still under discussion for some EN-DC example band combinations with only NR band verified under DC mode, while OTA testing is also time consuming(Take TRP as example, half hour for a frequency test point) which performed in OTA Chamber which not all UE vendors own. So in our view verify the capability under radiative mode is unrealistic

	CHTTL
	Would like to have the clarification on what the impact or the action is with these proposals.

	CMCC
	Share the same view with Samsung. Proposal 1 but focus on conductive.

	Apple
	This is a practical issue in current conductive tests. On the other hand, we also agree that OTA should not be resorted for MSD verifications.  

	Meta
	Support option 1. For the P2, Actually, the MSD requirements by dual uplink in conducted mode is not implemented. RAN4 can further discuss for the testability.   

	AT&T
	We agree with QC and Skyworks comments.



Issue 4-2-6: How to obtain the threshold(s) of improved MSD
Proposal 1: By means of analysis and discussion, e.g. Analysis of structure, etc.
Proposal 2: By means of submission of MSD values, e.g. similar to data driven approach. (R4-2212805 vivo)
Proposal 3: Flexible defined by network, and no need to have specific value(s) for improved MSD (R4-2213310 OPPO, R4-2211825 Qualcomm)
Proposal 4: Others
Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion

	Company
	Comments

	Qualcomm
	Proposal 3: No need to define specific low MSD values. Let UE indicate unique low MSD value for each band combination that supports the low MSD feature.

	OPPO
	Proposal 3 is ok from pure signaling perspective, e.g. NW configure threshold and UE report.

	Vivo
	Proposal 1 or 2 can provide results more align with original intention of the work. Proposal 3 may save a lot of work for specification, but may not provide a guidance for the UE and network, and may not having an improved overall situation. If proposal 1 can not work, proposal 2 may also be consider.

	Xiaomi
	This can be discussed after the feasibility of MSD improvement is clear.

	Skyworks
	We should anyhow focus on cases with large MSD as for low MSDs a significant improvement in the interference level is needed for little gain. Qualcomm’s proposal seems to preempt how signaling will work. This is not decided yet

	Nokia
	We don’t agree with Proposal 1 and 2. We need understand the former part of the proposal 3. What does “flexile defined by network” mean? This seems network shares UE with some thresholds or some others…
If it means lower MSD is reported flexibly via signalling, it’s OK, the amount of flexibility needs discussion. 

	Huawei (JW)
	Both P1 and P2 can be pursued. Not sure how P3 would work without discussions on how much improvement is feasible.

	Samsung
	Support proposal 1, it is suggested to derive the MSD values based on link budget calculation.
Proposal 2 is not preferred, given that the criterion to choose tested Ues is unclear, also not sure if there are enough companies volunteer for submitting data to ensure adequate samples.
Disagree with proposal 3, regarding proposal 3, if the Lower MSD threshold(s) are not defined and published while network is allowed to configure threshold(s) and do the judgement flexibly, does it mean UE has to spare a lot memory space to storage a mass of MSD values and wait for network inquiring, more like a passive approach? However, It should be noted that from my understanding this approach assigns a huge work for UE engineers without even knowing what is the logic behind this RF feature. As far as I am concerned, never seen any RF feature adopted this approach yet, also not sure the benefit from UE side. 
In addition, we think the capability should be defined as optional which generally means that if the actual conductive MSD values less than the corresponding Lower MSD capability threshold(s), the UE is allowed to report the Lower MSD capability, the concrete Low MSD information reported could be further studied after the framework of the capability is roughly established.

	CHTTL
	We think the “threshold(s)” can be further discussed after the signaling method is discussed or jointly discussed with it. So it’s early to agree on them. 

	CMCC
	Proposal 1 is the baseline. Proposal 2 could further help to check the accuracy of proposal 1. But only proposal 2 is not good. If we try to introduce more band combinations in future, we will have to re-collect data again and again.  At this study, we need to find out general method that will apply for band combinations and not limited into example band.
Don’t understand how could network flexibly define such MSD improvement. It should be UE’s responsibility to report such value.

	ZTE
	[bookmark: OLE_LINK36]Option 3. With the experiences of other topics, it is very difficult to define a precise MSD threshold.

	Apple
	Any lower MSD requirement should be captured in the technical specifications and verified in the same way as the existing MSD requirement. The definition of threshold needs to be clarified, for example, what are the criteria to determine the threshold for a certain band combination? It seems like the “threshold” came from a certain presumed signaling approach.

	Meta
	Current phase 1 is study phase. RAN4 can further discuss based on the analysis and discussion of lower MSD feasibility.

	AT&T
	We agree with Meta. We should check after the feasibility study and the signalling study.




Sub-topic 4-3: Study of signaling for MSD improvement
Issue 4-3-1: Necessity of signaling improved lower MSD (R4-2212317 CMCC) 
Observation: gNB may roughly know different UEs MSD performance when configure UL RS to simulate harmonic, IMD or cross band interference and measure corresponding DL RS CQI, especially when the MSD difference among different UEs are much obvious, e.g. larger than 10dB MSD difference.
Proposal: Before new signaling study, it’s suggested to study whether current scheme could already let gNB know UE’s MSD performance.
Moderator’s recommendation:
· Recommended WF
· Further study is needed. 
· Collect companies’ views in 1st round discussion.
	Company
	Comments

	Qualcomm
	Use of DL CQI is slow, complex, and inaccurate. The accuracy of this measurement would depend on the gNB vendor implementation and would be difficult to assess from one vendor to another.  It is much more effective to have the UE declare a low MSD value to the NW.

	OPPO
	We also would like to know whether currently gNB can get the interference status of UE by for example SINR, RSRQ report by UE since once there are strong harmonic/IMD interference it will show in the SINR/RSRQ.

	Skyworks
	Even today, better UEs perform better even without signaling, in our view this why the signaling should not be used to prioritize UEs but rather inform on not requiring specific UL scheduling that may be needed for other UEs. I want to remind here that these high MSD are conditional of being at max power with a worst case UL configuration. 

	Huawei (JW)
	We see value in the network-initiated effort in sensing the interference level at the UE. This topic could be further studied.

	Samsung
	In our view, CQI may not only reflect the RF self-interference, but also the digital interference to the RF Part (such as the high-speed digital clock interference to Rx Chain, screen light/un-light desense). In contrast the Lower MSD capability information is very useful in which RF self-interference can be dedicatedly reflected, and benefit the Network schedule.

	CHTTL
	In our understanding, current BS does not have the knowledge of the UE’s MSD performance, and also in our understanding, the current UL RSs are not specifically designed for triggering the harmonic/IMD self interference measuring, so this might have difficulty in reality when implementing this kind of configuration, for example, when there are multiple UEs in the cell, and the cell edge UEs might move to another cell. Also the feasibility and the accuracy is questionable as the RS is only few symbols on the time domain. So with above, we suggest to focus the study on the signaling and not discuss further on this which is out of this WI scope.

	CMCC
	We know this identification from gNB is not very accurate. but this method could help gNB roughly know different UE’s performance especially when MSD difference between different UE is very large, i.e. MSD difference is much larger than 10dB.  Our understanding is this rough information is already enough for gNB because gNB may only use this MSD information to determine which UE could be configured with SCell and which UE could only be configured with PCell.

	ZTE
	It seems depend on the implementation. Further study is neeeded.

	Apple
	The SIR detection mechanism to assist network on carrier aggregation resource scheduling can be considered as the MSD condition may not always happen in real field operation. UE PHR reporting can also be used by the network to estimate how much MSD can be reduced if there is known an MSD direct hit.  

	Meta
	Maybe, RAN4 can define new signaling to indicate the lower MSD by UE. However, it is premature to decide whether the new capability is needed or not. So RAN4 can further discussion on both gNB and UE aspect. 



Issue 4-3-2: Clarification of the expected behaviour from NW for the potential lower MSD capability 
Proposal 1: It needs to be clarified what are the expected behaviour for gNB after receiving the improved MSD information from UE (R4-2211926 CUC)
Proposal 2: Consider NW configured MSD reporting threshold and UE indicate its ability instead of defining another MSD requirement in RAN4 spec (R4-2213310 OPPO)
Proposal 3: Network may propose some tentative threshold with specific system performance gain as kind of target as a reference (R4-2212805 vivo)
Proposal 4: The network should treat UEs of different MSD capabilities in a fair manner. And the UEs without indicating low MSD can still be scheduled (R4-2212453 HW)
Proposal 5: Different UEs with different MSD behaviours might be treated differently in the Network (R4-2212009 Samsung)

Moderator’s recommendation:
· Recommended WF
· Collect companies’ views in 1st round discussion.
	Company
	Comments

	Qualcomm
	Our understanding is that when a NW knows that a certain UE has low MSD it can alter its scheduling behavior to account for this. For example, in a ULCA case it can schedule both bands simultaneously and use the direct hit frequencies which it may not have done previously.  For proposals 2 and 3 we do not understand what would happen if the UE does not meet the MSD reporting threshold.

	OPPO
	The behavior of NW regarding the MSD capability should be clarified; however, it is also true that there is no guarantee what NW will do in the field. This makes the clarification is not much meaningful since now the question is more about NW implementation and scheduling issue.

	vivo
	Our intention of proposal 3 is network may propose some threshold that might be “good enough” from performance point of view. This could be helpful as a guidance, to be combined with what implementation can improve.

	Xiaomi
	For proposal 2 and 3, is it a real time MSD?

	Skyworks
	In our view the signaling is only needed so that the scheduler is not attempting to configure dedicated UL configurations needed to cope with normal UEs this is also why for a scenario where multiple MSD exists the signaling should either only be there if all MSD are improved or signaling is specific per MSD type.

	Nokia
	For proposal 2, we think that this is not needed. Given that this is not real time MSD, whatever the threshold is the UE shall guarantee reported MSD so that the capability needs to be indicated. Then, the information is shared with network before the configurations. If there is a NW as OPPO assumes, the NW just configures a UE meeting MSD threshold that the NW sets to with CA   
For proposal 3, we don’t agree with the proposal, though we understand the motivation. There are a lot of optional capabilities, e.g., switching delays etc., how to take these capabilities into account is up to network.
For proposal 4, it’s difficult to agree with the proposal itself since we don’t know exact definition of “fair manner” in this text of the proposal. However, we can say that handling UEs in an unfair manner is not the purpose of this feature. Since frequency resources are shared with all the UEs under the network, optimization of some UEs will provide the other UEs with more opportunity to utilize resources in total.
For proposal 5, the written text wouldn’t be wrong, but this is not something that we should agree with.

	Huawei (JW)
	P1: support. The expected NW behavior may not be specified, but would be good to have some common understanding.
P2 & P3: we’d like to know more details from the proponents.
P4: support.
P5: Need clarification, e.g. how different is the treatment by the network?

	Samsung
	Regarding proposal 5, as we illustrated in our paper, the “Minimum requirement UE’ and “the Lower MSD” UE with different MSD performance might be treated differently in the network,  in the current procedure, the network may check the specified MSD (table-look up) and have concern to deploy the significant MSD combinations regardless of how the actual MSD behaves(I think many operators have confirm such concern in past meetings), but if UE could indicate the capability either actively or passively, the network could still consider to perform the inter-frequency measurement and configure the Scell if pass the measurement, other potential benefits are also provided in our paper.
Proposal 4, Agree, that UEs with different MSD performance should be treated in a fair manner.
Proposal 2, Disagree, please see comment on Issue 4-2-6
Proposal 3, vivo’s comment about proposal3 could be considered, it would be good if operators could provide some feedback (but we also understand it hard to say…..)
Anyway, we do not need reach agreement on the Network behavior. We suggest to treat it like technical discussion and sharing.

	CHTTL
	In general, we think the indication of low MSD can be beneficial for the network including scheduling and the decision of PScell/Scell addition, but we think we dont need to agree on those proposals, similar as the suggestion from Samsung. And we think in RAN4 normally we don’t discuss on the fairness of the network treatment, but we agree with Nokia that we can say that handling UEs in an unfair manner is not the purpose of this feature, but still we think we don’t need to make agreement on the proposal.

	CMCC
	Proposal 1 is OK for us.
About the principle to treat different UE, proposal 5 is OK for us. about proposal 4, for the UE with bad MSD, it may not be configured with Scell for UL CA. but for UE with lower MSD, it can be configured with Scell. From this point of view, different UE may be treated differently.

	ZTE
	Our understanding is quite similar with QC, that is if the low MSD capability is reported by UE, it can allows gNB to reconsider and change its scheduling behavior to schedual the direct hit harmonic frequecies, or the IMD frequecies for both bands at the same time, where such frequecies may not be schedualed previously due to large MSD issue which cause several performance degradation. But of course, it depends on implementation.
For P2 and P3, not sure if no MSD threshold configured, what would happen? 
It look like P4 and P5 are conflits with each other?  P5 is looks fine to us. Some of UE supports UL CA will cause several IMD MSD but some of other UE may not have IMD MSD issue, or good UE can use HTF implementation to mitigate the harmonic MSD but poor UE don’t. In this case, different UEs might be treated differently

	Apple
	We support Proposal 1 and Proposal 4.

	China Unicom
	Proposal 1 is made in order to get some common understanding on network behavior(s), even though it may not be specified.
Support proposal 4.

	NTT DOCOMO
	Our understanding is that how to utilize the information of lower MSD is up to NW implementation. But as we mentioned in our paper, we guess one possible way is that NW would configure specific band combinations to UEs indicating lower MSD since MSD would be one possible factor for deciding operated band combinations.

	Meta
	We are fine to P1,P2, P3 and P4. The NW behavior shall be understood clearly. Also NW can configure threshold instead of define lower MSD value.  



Issue 4-3-3: If lower MSD capability is introduced, should it be an optional capability?
Option 1: Yes (R4-2211926 CUC)
Option 2: No

Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion
	Company
	Comments

	Qualcomm
	Option 1

	OPPO
	Option 1.

	vivo
	Option 1

	Xiaomi
	Option 1.

	Skyworks
	Option 1

	Huawei (JW)
	Option 1.

	Sony
	Option 1.

	Samsung
	Option 1, should be optional with capability signaling, generally speaking if UE can meet the Lower MSD capability requirement, UE is allowed to indicate the capability to facilitate NW schedule, it is up to UE implementation

	CHTTL
	Yes

	CMCC
	Option 1.

	ZTE
	Option 1.

	Apple
	Option 1

	China Unicom
	Option 1.

	NTT DOCOMO
	Option 1

	Meta
	Option 1

	AT&T
	Option 1.



Issue 4-3-4: How to indicate the MSD is improved for a band combination?
Option 1: It is proposed that the Lower MSD capability threshold(s) is(are) defined as per interference source under the same settings of the UL/DL configuration and test points as in the current specifications，either exact absolute thresholds or relative thresholds could be considered.  Considering the balance between MSD information provided to the network and the signalling overhead, 2 or 4 Lower MSD capability classes per source might be reasonable. (R4-2212010 Samsung)
Option 2: Depending on study, absolute thresholds values might be more preferred to have a more unified behavior expectation for UE satisfy Low MSD. For any Low MSD UE, only one MSD threshold is expected for a band combination, and no more differentiation to represent “very low/slightly low” etc. (R4-2212805 vivo)
Option 3: UE to report delta value compared to minimum requirement (Nokia)
Option 4: UE to report improved MSD value directly (Nokia)
Option 5: UE indicate a unique low MSD value for each band combination that supports the low MSD feature, and the resolution of the UE declared low MSD value is [1.0] Db (QC) 
Option 6: To define a set of values better than minimum requirement or real time MSD could be as the candidates for the new signaling (R4-2212715 ZTE)
Option 7: The low MSD reporting method can be based on one bit indication or the MSD improvement values compared to the current spec, or the exact MSD values as below (R4-2213083 CHTTL)
· Option 1: the one bit indication of Low MSD implies that all PC3 MSD of this given band combination is < X Db if the MSD in the spec is higher than Y Db or 0 Db if the MSD in the spec is below Y Db, and probably additional X2, Y2 can be set for PC2 IMD when UL PC2 is supported.
· Option 2: the low MSD report includes MSD = 0 and multiple of X Db improvement for a given interference type.
· Option 3: the low MSD report includes MSD = 0 and multiple of X Db exact values of the actual MSD for a given interference type.
Option 8: The following aspects should be considered for the potential signaling design (R4-2212453 HW)
· applicability per band combination
· applicability for different power classes
· applicability for different MSD sources
· common threshold(s) for low MSD or multiple low MSD intervals
· dynamic MSD report based on Tx power levels

Moderator’s recommendation:
· Recommended WF
At least the following aspects summarized from the options should be discussed in 1st round, others are not excluded:
· Whether the lower MSD capability is a per BC capability
· Whether lower MSD capability for different interference sources could be reported separately
· Whether lower MSD capability means all MSD types for a band combination have been improved
· Delta MSD compared to minimum requirement or improved MSD value to be reported
· Applicability of lower MSD capability for different power class
· MSD threshold(s). A single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?
· MSD reduction via UL power back-off

	Company
	Comments

	Qualcomm
	Option 5. Low MSD capability should be per band combination. Though a given band combination may have different impairments to reduce complexity, only one value for low MSD should be reported for each band combination. This value should be the highest value achievable from all impairments. As most cells are UL power limited a MSD reduction via UL power back-off will reduce the cell coverage. Operators may decide to do only 1 TX transmission at the cell edge rather than back-off power.

	OPPO
	· Whether the lower MSD capability is a per BC capability
[OPPO]: Yes

· Whether lower MSD capability for different interference sources could be reported separately
[OPPO]: Yes, especially when the interference are not overlapping in frequency.

· Whether lower MSD capability means all MSD types for a band combination have been improved
[OPPO]: No, when one kind of MSD can be improved it is also useful for NW.

· Delta MSD compared to minimum requirement or improved MSD value to be reported
[OPPO]: Not needed. The exact value is not meaningful to NW in our view. What matters to NW is whether this band combination can be scheduled or not due to interference issue, and NW can signal a simple threshold and let UE indicate yes or no, that’s enough.

· Applicability of lower MSD capability for different power class
[OPPO]: The applicability for each power class should be clear.

· MSD threshold(s). A single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?
[OPPO]: The exact value is not meaningful to NW in our view. What matters to NW is whether this band combination can be scheduled or not due to interference issue, and NW can signal a simple threshold and let UE indicate yes or no, that’s enough.

· MSD reduction via UL power back-off
[OPPO]: Not meaningful as MSD is severe only when UL power is high for example in the cell edge. And if reduce power then may cause UL link broken.


	Vivo
	· Whether the lower MSD capability is a per BC capability
Yes

· Whether lower MSD capability for different interference sources could be reported separately
Depending on more study. If possible can reduce complexity.

· Whether lower MSD capability means all MSD types for a band combination have been improved
Need discussion. Currently seems reasonable, but still depending on the signalling, and may also not needed if separate capability were defined.

· Delta MSD compared to minimum requirement or improved MSD value to be reported
Prefer improved MSD value in current stage.

· Applicability of lower MSD capability for different power class
Need more study. 

· MSD threshold(s). A single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?
Single threshold value is highly preferred, at least for one type of interference.

· MSD reduction via UL power back-off
Not support. This would adding complexity considerably and not necessarily useful.


	Xiaomi
	If lower MSD capability is agree to be introduced, we support the view from Qualcomm that it is per band combination and only one highest value is considered for those band combination having multiple interference types.

	Skyworks
	We do not believe 0.1Db accuracy is needed for signaling, we do not even thing the exact value needs to be signaled. The key for signaling is not a beauty contest but rather that the scheduler does not attempt to configure specific allocations to avoid an MSD that is not there for the low MSD UE. It is sufficient to provide and order of magnitude/or threshold for the MSD. It is OK to signal the worst case if multiple MSD exists but actually it may be a better information for the network to know which scenario requires specific scheduling or not rather than a 0.1Db accuracy

	Nokia
	For recommended WF, 
We really don’t think MSD reduction via UL power back-off needs to be discussed further. Not sure why we need to decrease the power for MSD as the only measure? If a UE indicates say, 20 Db better MSD compared to minimum requirement of 30 Db, it indirectly indicates that that UE can handle higher power with less MSD than the UE with minimum requirement. 
Apart from the above, there is a case that the same BC has two different MSD due to the same MSD type and order, e.g., dual UL CA_n28-n74 has two MSD due to IMD4 where each MSD has a different victim band, i.e., n28 DL or n74 DL. In this case, per MSD type and order per BC cannot differentiate them without additional identification, e.g., victim DL band or frequency component of the order. How to handle this must be discussed. 
For Option 1, we are open to discuss the proposal to set a threshold per interference source could be one of the ways, but we need to agree with specific values and capture them in the spec and that would be one of the challenges. In the end, if we can set 4 thresholds, it means 2bits are available, then, another way may be to divide the specified MSD into four regions and signal where the actual MSD is. 
For Option 2, we understand the motivation of the proposal, but it’s too coarse. If a UE has a 30 Db MSD as min requirement for a given frequency components/order/MSD type/BC, the UE is only allowed when it achieves 30 Db improvement. It means UE with 25 Db improvement cannot indicate anything. 
For Option 5, we don’t see much difference between option 2 and 3 in R4-2211825…because it depends on granularity issue. If granularity of the offset in option 2 in R4-2211825 is e.g., 1 Db as proposed, both can allow UE to declare the same information to network.
For Option 6, we don’t agree with real time MSD. This is treatment after MSD happens. It’s better to avoid not having MSD with a simpler resolution.  
For Option 7, we are fine to discuss option 2 and 3 as our contribution has already addressed all of the options.

	Huawei (JW)
	The signaling is a very complex issue and many designs have been proposed. One possible WF is to first agree on the constraints that any design should satisfy, such as those listed by the moderator, and then discuss the details of specific designs.
· Whether the lower MSD capability is a per BC capability
In our view, the low MSD capability should be per-BC, but MSDs from different sources for a given BC can be reported separately. 
· Whether lower MSD capability for different interference sources could be reported separately
Yes, could be reported separately. 
· Whether lower MSD capability means all MSD types for a band combination have been improved
If a single-bit low MSD indication is used, it should mean at least one of the MSD types for a given BC is improved. 
· Delta MSD compared to minimum requirement or improved MSD value to be reported
The two are equivalent. We prefer to report the improved MSD value, which is simpler for the NW to use.
· Applicability of lower MSD capability for different power class
The same BC having different power classes should be able to indicate low MSD in the same mechanism. If the highest power class operation is allowed by the NW, the UE only needs to report the low-MSD capability for the highest power class.
· MSD threshold(s). A single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?
Depending on the consensus on what qualifies as “low MSD”, a single MSD threshold or multiple intervals can be defined. For example, if low MSD is defined as MSD<0 or MSD<6Db, there’s no need to have multiple intervals; if low MSD is defined as MSD<10 or 12 Db, maybe 2 or 4 intervals can be defined to further differentiate Ues. From the receiver performance point of view, there seems to be no need to have different threshold(s) for different interference type. In other words, the receiver should expect the same interference level if the same low-MSD indication is reported.
· MSD reduction via UL power back-off
We support the UE to report the real-time MSD depending on the actual UL Tx power. As explained in our paper, Ues in a practical network usually do not transmit at the nominal max power of the power class, owing to the changes in path loss or the limitation of MPR and/or A-MPR. The actual MSD could be much lower than those specified by 3GPP, which are derived under max Tx power.

	Sony
	In general, we think the MSD indication shall provide useful information for network scheduling otherwise it should not be included. With have said that,we think:
· the lower MSD capability should be per BC. 
· Whether lower MSD capability should be reported for different interference sources depends on if this information would be useful for the network, and this point need to be further clarified. 
· We also share a similar view as Huawei that the MSD can be reported in a dynamic manner, and real time MSD under different Tx power can be reported. 

	Samsung
	Too many details need to be discussed, our preliminary views are provided below and we understand it is too early to make conclusion for some points, just a sharing.
Whether Lower MSD is a per BC capability → Yes
Whether lower MSD capability for different interference sources could be reported separately → Lower MSD information could be reported separately for each interference source or report once per band (maybe report the worst class among different sources, per band), while Lower MSD capability reported as per-BC basis is preferred.
Whether Lower MSD threshold(s) needed → Yes, to make the criterion clear and the capability verifiable
Lower MSD thresholds defined as → per source under the same settings of the UL/DL configurations and UL/DL configuration and test points as in the current spec
Absolute threshold(s) or relative threshold(s) → Absolute threshold(s) is preferred, it would be good to unify the quantitative criteria. Such as A UE with 0 dB MSD(improved 5dB compared with specified MSD) and A UE with 15dB (improved 15 dB compared to specified MSD), although the latter one has more improvement, but still the former one is with better performance which is expected receiving no concern from the operators.
MSD threshold(s). A single MSD threshold value or could be multiple intervals? → Multiple thresholds are preferred, corresponding to different capability classes per source, in order to provide sufficient information to facilitate network schedule.
Whether lower MSD capability means all MSD types for a band combination have been improved → Yes is preferred since if just certain MSD is improved rather than all, operators still have concern to deploy such BC. In addition the two key parameters (PCB isolation and antenna isolation) contribute to improve all kinds of MSD, so generally it is fair to think the definition is reasonable, but we are open to have more discussion
Delta MSD compared to minimum requirement or improved MSD value to be reported → If threshold(s) are defined as exact absolute value(s), we prefer report exact absolute MSD values as well. How many Lower MSD classes per source could be further discussed in future meetings.

Different or same threshold(s) for different interference type? → FFS, pending on the outcome of the study on the improved MSD.
For high order band combinations (such as four bands DL), the capability may be derived from its fallback combinations. → Agree

	CHTTL
	In general , there are three options on the table: one bit low MSD indication,  delta MSD compared to minimum requirement, and improved MSD value to be reported. Probably those can be treated in the WF to be further discussed, and the Lower MSD threshold and whether lower MSD capability means all MSD types for a band combination have been improved can be further discuss afterwards, depending on the report methods.
We have some questions on the dynamic MSD report based on Tx power levels that if the goal is report the MSD under different Tx power level, probably signalling size will be increased but there is no need to be dynamic?

	CMCC
	We are open on the detailed signaling design.
RAN4 should analyze how to improved MSD and conclude some general solutions that also applies to all other bands besides example band combination. Besides, it’s better to conclude some tentative value range for example band and design signaling based on such value range rather than gNB determining such value based on its algorithm since NW behavior is not clear.

	ZTE
	· Whether the lower MSD capability is a per BC capability
--> Fine
· Whether lower MSD capability for different interference sources could be reported separately
--> Need further discuss on whether only one highest value or different values are considered 
· Whether lower MSD capability means all MSD types for a band combination have been improved
--> Yes. This is the purpose of this WID to our understanding.
· Delta MSD compared to minimum requirement or improved MSD value to be reported
--> Similar meanings. Fine. 
·  Applicability of lower MSD capability for different power class
--> If both PC3 and PC2 are supported, then only one seems suffience.
· MSD threshold(s). A single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?
- Does the threshold(s) here mean the MSD value which is smaller than the threshold can be seen as ‘lower MSD’? 
· MSD reduction via UL power back-off
--> When UE is move from cell edge to close to the gNB, then the UL power will decrease, then MSD will decrease. Although it would extremely complicate RF requirement definition and corresponding RF conformance testing at the end, we are seeking to find some conditions or situations that problematic band combination could change to non-problematic case or vice versa.

	Apple
	It seems like there are too many signaling details to be considered and clarified. I hope we would not be spoiled by the freedom of signaling and forget the technical aspects behind. The excessive signaling may create many UE fragmentations and become unmanageable. I hope RAN4 RF experts can focus on the RF requirements development and the mechanism for improvement without delving into signaling design too much.   

	NTT DOCOMO
	-	Whether the lower MSD capability is a per BC capability
Yes.

-	Whether lower MSD capability for different interference sources could be reported separately
-	Whether lower MSD capability means all MSD types for a band combination have been improved
Depending on study outcome on correlation between different MSD types. Prefer to use one indication to say “all MSD types for a band combination have been improved” to reduce signalling overhead. On the other hand, considering the fact that not all MSD types specified in spec would be an issue in one operator as this depends on the operator’s allocated spectrum, so we think separate capability for different MSD types also can work.

	Meta
	Generally, we can further discuss on the recommended WF.
Agreeable WF lists from recommend WF by moderator
· Whether the lower MSD capability is a per BC capability
· Whether lower MSD capability for different interference sources could be reported separately
· Delta MSD compared to minimum requirement or improved MSD value to be reported
· Applicability of lower MSD capability for different power class
· MSD threshold(s). A single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?

Need further discussion & clarification from recommend WF by moderator
· Whether lower MSD capability means all MSD types for a band combination have been improved
· MSD reduction via UL power back-off

	AT&T
	In general, we think that it is premature to discuss the details on the signalling at this time until we have some output of the feasibility study and can further understand how to optimize the signalling solution.



Issue 4-3-5: How to handle the possible capability for a band combination with different MSD types, e.g. harmonics, IMD?
Option 1: The low MSD capability is per band combination, and whether different MSD type is also needed to be indicated separately under per band combination can be further considered based on the reporting method (R4-2213083 CHTTL)
Option 2: others
Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion

	Company
	Comments

	Qualcomm
	Option 2: To reduce complexity a given band combination should only have one low MSD value. This value should be the maximum of all low MSD values for the different MSD impairments in that band combination

	OPPO
	Option 1. The improved MSD type should be clear to NW, for example a band combination have harmonic and IMD interferences, if no information on the improved MSD type then gNB have no idea which resources can be configured.

	Vivo
	Can be discussed further. If possible, one unified threshold is preferred.

	Xiaomi
	Qualcomm’s view above is fine for us if lower MSD capability is introduced

	Skyworks
	The key for signaling is not a beauty contest but rather that the scheduler does not attempt to configure specific allocations to avoid an MSD that is not there for the low MSD UE. It is sufficient to provide and order of magnitude/or threshold for the MSD. It is OK to signal the worst case if multiple MSD exists but actually it may be a better information for the network to know which scenario requires specific scheduling or not rather than a 0.1dB accuracy

	Nokia
	Option 2: we agree with the direction of the Option 1 and at least the said aspects in Option 1 should be considered, but there are some other aspects we need to take into account as discussed in 4-3-4

	Huawei (JW)
	Option 1 is ok. We support that different MSD types are indicated separately under per-BC.

	Sony
	General fine with option 1. 

	Samsung
	Agree, as mentioned above, Lower MSD information could be reported either separately for each interference source or report once per band (maybe report the worst class among different sources, per band), need further study, also couple with how many Lower MSD classes defined per source. While Lower MSD capability reported as per-BC basis is preferred.

	CHTTL
	In our understanding, if the low MSD capability is one-bit indication, then it seems per band combination is the right way to go, but if low MSD capability is to report the delta value or improved MSD value, then different MSD type might be needed to be considered under the per BC support of the low MSD.

	CMCC
	NW’s behavior may be different for different interference type. If so, it seems lower MSD value per interference source is necessary.

	ZTE
	Fine with option 1. Different types of MSD corresponding different UL/DL Fc.

	NTT DOCOMO
	Option 1: We have similar view as commented in Issue 4-3-5

	Meta
	RAN4 can further discuss how to handle the possible capability for a band combination with different MSD types. Current stage is quite premature. The lower MSD level is not studied until now.

	AT&T
	In general, we think that it is premature to discuss the details on the signalling at this time until we have some output of the feasibility study and can further understand how to optimize the signalling solution.



Issue 4-3-6: How to handle the possible capability for a band combination with same MSD type but with different orders? 
Option 1: In case more than one order exists for a certain interference source of a band within the band combination, only the lowest order needs to the considered (R4-2212010 Samsung)
Option 2: others
Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion

	Company
	Comments

	Qualcomm
	Option 2: For a given band combination with multiple interference sources the largest value for low MSD is used from the different orders

	OPPO
	Option 2. The largest MSD can be used if no differentiation of different orders in signaling.

	Vivo
	Option 1. Usually, the lower order would cause the largest MSD and seems no exception is perceived. In addition, Qualcomm’s comments seems also not contradicting with this principle.

	Xiaomi
	Share the same view with Qualcomm

	Skyworks
	We believe that the main goal of the signaling is for the scheduler to avoid specific allocations for Ues that won’t need it. In that sense it is useful for the scheduler to know which type of MSD is improved if not all can.

	Nokia
	Option 2: It’s too early to select this option. One band combination can have multiple MSD with the same order, but frequency components, e.g., 2x-y, 2x+y etc… of the order are different. Also, even the lower order, in case of PC2, the amount of MSD reaches around 20 dB. Moreover, what lower MSD capability for the lowest order mean must be clarified. For instance, if 20 dB better MSD is reported, does this apply to any higher order with the same MSD type? 

	Huawei (JW)
	Option 1 is ok if the victim band is the same. If the different IMD orders are for different victim bands, maybe they still need to be indicated separately.

	Samsung
	Support, in terms of full frequency range to calculate IMD, the lower order suffers the severest interference, take IMD for example, in NR spec currently only the lowest order MSD need to be evaluated and defined, so it is fair only consider the lower order for each interference source.

	CHTTL
	It depends on how to indicate the MSD as in issue 4-3-4.

	CMCC
	Option 1 is OK for us. For the same interference source, MSD for any order will be all improved at the same time, so we can only focus to report the lowest order which is the worst case.

	ZTE
	Option 1 is fine. Generally lowest order gives the highest MSD value. Select the lowest order means  largest value is used for all different orders. 

	Meta
	Option 1 is fine.

	AT&T
	In general, we think that it is premature to discuss the details on the signalling at this time until we have some output of the feasibility study and can further understand how to optimize the signalling solution.



Issue 4-3-7: Other potential signalling aspects to be considered
Proposal 1: To define the signalling design and reduce the signalling overhead, RAN4 should analysis a correlation between the amount of MSD improvement for a certain MSD source and that of MSD improvement for another MSD source (R4-2212386 DCM)
Proposal 2: It would be sufficient to report the capabilities for only fallback BCs categorized as minimum BC unit that is the smallest component of each MSD type. NW can assume that all the supported higher order BCs inherit the reported MSD performance per fallback BCs in minimum BC unit levels (R4-2212092 Nokia)
Proposal 3: The trade-off alternative of capability signalling information could be considered after the Lower MSD threshold (Per source? How many capability classes per source?) and the Lower MSD capability definition (Per band combination?) defined (R4-2212010 Samsung)
Proposal 4: Do not consider dynamic reporting / UE SIR measurement and similar schemes for lower MSD (R4-2212805 vivo)

 Moderator’s recommendation:
· Recommended WF
· TBA based on 1st round discussion

	Company
	Comments

	Qualcomm
	Option 5: We think that only the max low MSD value should be reported for a given band combination. This will simplify the implementation by eliminating the need for multiple low MSD values for each band combination.

	OPPO
	Proposal 3. Signaling can be discussed latter and RAN4 can focus on how much MSD can be improved.

	Vivo
	Proposal 4 here is emphasized to control the complexity of the work.

	Xiaomi
	Qualcomm’s view above is fine for us if lower MSD capability is introduced

	Skyworks
	We believe that the main goal of the signaling is for the scheduler to avoid specific allocations for Ues that won’t need it. In that sense it is useful for the scheduler to know which type of MSD is improved if not all can.

	Nokia
	For proposal 1, that is the main purpose and our study showed that it depends on how the UE addresses MSD improvement. A RF component parameter like PCB isolation would improve multiple MSD types like IMD, harmonic interference and harmonic mixing. However, the amount of improvement is not always the same or similar across MSD types. A RF component parameter like spur rejection for harmonic mixing is selected, then, it just improves a certain harmonic mixing. Hence, it’s case by case… But the correlation within the same MSD type may be seen more than that across different MSD types.
For proposal 3, we are open to discuss the trade-off.
For proposal 4, we agree with the proposal 4.

	Huawei (JW)
	P1, P2 and P3 can be further discussed, all of which seem to address an import issue, i.e. minimizing the signaling overhead. Do not support P4 at this stage of the study phase.

	Sony
	Open to further discussed on proposal 1, 2 and 3. However, we would also like to keep further discussion on dynamic reporting of real time MSD as well.

	Samsung
	Generally agree with proposal 2 from Nokia
Support proposal 4 from vivo.
Regarding proposal 3, we think the form of the Low MSD information could be further discussed after the framework of the signaling is roughly established.

	CHTTL
	P1 might be a good point to be considered.
P2 is agreeable.
P3 is related to issue 4-3-4, indeed there are some trade-off among different method.
P4 we share similar view as vivo on the complexity and also the resource and time consumed.

	CMCC
	P1, 2 and 3 are OK for us. 

	ZTE
	We understand real time MSD would extremely complicate RF requirement definition and corresponding RF conformance testing at the end, we would also like to keep further discussion on dynamic reporting of real time MSD at this stage.

	Meta
	P1,P2 and P4 are agreeable

	AT&T
	In general, we support all of the proposals at this time.



Issue 4-3-8: Lower MSD capability definition
Option 1: In case Lower MSD capability is defined as per band combination and Lower MSD capability threshold is defined as per interference source. 
Capability definition: UE could indicate support Lower MSD capability for the band combination, when for each band within the band combination, all the actual conductive MSD caused by each interference source are less than the corresponding Lower MSD threshold(s). If absent, it means UE has no Lower MSD capability for this band combination (R4-2212010 Samsung)
Option 2: others

Moderator’s recommendation:
· Recommended WF
· Defer the capability definition discussion after the previous issues are more clear

	Company
	Comments

	Qualcomm
	Option 2: Lower MSD should be defined per band combination. The value that is reported should be the highest low MSD for all impairments for that band combination. This will greatly simplify the MSD signalling.

	OPPO
	Option 2. Lower MSD can be indicated via Per band per BC and per interference type.

	Xiaomi
	Qualcomm’s view above is fine for us if lower MSD capability is introduced

	Skyworks
	We believe that thresholds is a better way than signaling the exact MSD, as discussed above we should further discuss if granularity per MSD type.

	Nokia
	Option 2: It’s too early to conclude this, but we are open to discuss the definition.
The finest way could be 
per band(victim band or per frequency component) < order < MSD type < PC < BC
The best structure may be different from MSD type to type.

	Huawei (JW)
	We see valid points in option 1 but also something we disagree. We support to clarify what is low MSD. And we suggest to consider the issue from the perspective of the NW scheduler. 
For example, a UE may improve the MSD for a given band combination from 38dB to 28dB or even 18dB. Even with 20 dB improvement, the self-interference level is still 18 dB above the REFSENS noise level. In this case, the NW may still be reluctant to config the BC under concern for the UE.
It’s questionable whether an improved MSD of 18dB or 20dB is worth reporting.
Additionally, option 1 proposes that “all the actual conductive MSD” should be less than the threshold(s), which could be too stringent, and maybe unnecessary. As shown in our paper, the MSDs of different types/sources usually do not happen simultaneously for a given set of carrier frequencies.
One more question for clarification is how “conductive MSD” is defined and specified.

	Samsung
	We understand it is too early to confirm the full definition, the definition here is just for reference. However we could firstly set up the framework, then we fill in the details.
 Accordingly, at least two things could be firstly discussed and confirmed.
1) Lower MSD capability threshold(s) → Defined as per source
2) Lower MSD capability → Indicated as per Band combination
We are open to further discuss the details in future meetings.

	CHTTL
	In general, the concept can be the good starting point for the 1-bit low MSD indication, but the definition may depend on the discussion of the granularity of lower MSD capability

	CMCC
	Lower MSD capability threshold is based on the conclusion of MSD improvement study and it may be early to have some conclusion now.

	ZTE
	Shouldn’t lower MSD capability be reported by UE (optional)? Maybe further discussion would be needed.

	Meta
	RAN4 can further study. This stage is quite premature.

	AT&T
	Option 2. Too early to decide this.




Sub-topic 4-4: TR skeleton for lower MSD
Issue 4-4-1: Update of TR skeleton
Proposal: TR should be structured to capture at least following aspects  (R4-2212094 Nokia)
· Feasibility of MSD improvement
· UL harmonic
· Harmonic mixing
· IMD
· Cross and isolation
· Concurrent MSD improvement across MSD types and/or order per BC
· Concurrent MSD improvement across BCs
· Signaling
· Applicability conditions, e.g., per BC, per MSD type including following aspects
· PC, multiple MSD for the same MSD type
· Granularity of lower MSD capability
· Signaling overhead
Moderator’s recommendation:
· Recommended WF
· Collect companies’ views in 1st round discussion.
	Company
	Comments

	Nokia
	We think that TR needs to capture something useful for RAN2 people to correctly understand how RAN4 MSD requirements are structured and applicability of lower MSD capability (if specified), though in the end, suitable signaling structure development is RAN2 work,. 

	Huawei (JW)
	No strong view. What to be captured would depend on the progress of the study.

	Samsung
	Agree with Huawei, What to be captured would depend on the progress of the study. Currently we are fine with the TR skeleton.

	AT&T
	OK as a starting point.




Companies views’ collection for 1st round
Open issues 

CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	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.
	
	Status summary 

	Sub-topic#4-1
	Issue 4-1-1: Candidate example band combinations
Tentative agreements:

Candidate options:
Option 1: Nokia
· CA_n1-n3-n77 and relevant fallbacks. IMD2, IMD4, 2nd harmonic mixing for (UL, DL)=(n3-n77, n3-n77) and IMD falling into 3rd band, Cross band isolation, IMD3 for (UL, DL)=(n1-n3, n1-n3-n77)
· QC, DCM, AT&T, CUC, ZTE
· CA_n2-n5-n77 covers all the MSD types except for certain order of MSD types
· QC, CHTTL, ZTE, AT&T
Option 2: Samsung
· CA_n3-n78 as candidate to evaluate harmonic, IMD to own DL (Both PC3 and PC2 are supported for this combo)
· QC, OPPO, vivo, CHTTL, ZTE, CUC, HW, AT&T (also for other combos)
· CA_n41-n77 as candidate to evaluate cross band isolation and harmonic mixing (Both PC2 and PC3 are supported for this combo)
· CA_n2-n5-n77 as candidate to evaluate IMD of dual UL falls into the third DL (UL_n2-n5 supports PC3, UL_n5-n77 and UL_n2-n77 support Both PC2 and PC3)
· QC, CHTTL, ZTE, AT&T
Option 3: CMCC
· CA_n8-n41 is suggested for 3rd harmonic with max 13dB MSD for PC3 CA
· CA_n28-n40 is suggested for 3rd harmonic mixing with max 37.8dB MSD for PC3 CA
· CA_n3-n41 is suggested for IMD4 with max 18.4dB MSD for PC2 CA
The band combination proposed by Nokia and Samsung can cover more combinations proposed by companies during the 1st round discussion. Example band combinations mainly based on the two proposals could be further discussed. 

Recommendations for 2nd round:
Further discussion in 2nd round based on the WF.

Issue 4-1-2: power class to be considered for the band combinations in lower MSD study
Tentative agreements:
Both PC2 and PC3 band combinations could be considered as example band combination. Other power class is not excluded.
Candidate options:
Option 1: Both PC2 and PC3 band combinations could be considered as example band combination 
· Skyworks, HW, Intel, Samsung, CHTTL, CMCC, Apple, China Unicom, DCM, AT&T, Meta, [ZTE]
Option 2: RAN4 prioritizes only on the PC2 inter-band CA/DC band combinations for the lower MSD discussion
· Meta
Option 3: Others
· QC, Nokia
Majority companies think that both PC2 and PC3 band combinations could be considered, in other words, it is not limited to a single power class. Though two companies choose option 3, seems the understanding is similar. And PC1.5 is also mentioned by Nokia.
Recommendations for 2nd round:
Check the tentative agreement in 2nd round discussion based on the WF.

	Sub-topic#4-2
	Issue 4-2-1: Whether to change the existing MSD requirement
Tentative agreements:
The minimum requirements in the specification shall be kept unchanged for the lower MSD study. 
Candidate options:
Option 1: Do not consider changing minimum requirements in the study 
Option 2: Keep the minimum requirements unchanged and no need to defined another sets of better MSD value 
Option 3: it’s suggested to study the possibility for lower MSD minimum RF requirements 
In total 17 companies provided feedback for the options. 15 companies are ok with option1/2, i.e. not to change the existing minimum requirements, while one operator prefers to come back to this issue after lower MSD feasibility study, and one operator raise clarification question for option 1 and 2. In moderator’s view, option 1 and 2 are the same but proposed by different companies. 
Majority companies prefer the lower MSD study shall not change the minimum requirements. 

Recommendations for 2nd round:
No more discussion in 2nd round. 

Issue 4-2-2: RF component assumptions for lower MSD analysis
Tentative agreements:
Candidate options:
Option 1: Assumptions in R4-2212159 by Meta.
Option 2: Others
In total 16 companies provided the feedback for the options. Almost all companies think the assumptions should not be limited to the proposed values in R4-2212159. Two companies proposed the antenna and PCB isolation ranges, and one company suggested that if it is possible to harmonize an improved assumption of PCB isolation and antenna isolation and leave other RF parameters at company’s own discretion. Views are divided among companies. 
Recommendations for 2nd round:
Further discussion in 2nd round based on the WF. FFS whether a range for some key parameters could be agreed.

Issue 4-2-3: Harmonic/IMD order for lower MSD analysis
Tentative agreements:
The study is not limited to only the band combinations that having 2nd harmonic and 2nd/ 3rd order of IMD.
Candidate options:
Option 1: to avoid high MSD due to harmonic and intermodulation, only the band combinations that having 2nd harmonic and 2nd/ 3rd order of IMD are studied 
Option 2: others
Majority companies prefer not to limit the study to only the band combinations that having 2nd harmonic and 2nd/ 3rd order of IMD
Recommendations for 2nd round:
No more discussion in 2nd round.

Issue 4-2-4: Methods to improve MSD
Tentative agreements:
Candidate options:
Proposal 1: RAN4 to consider harmonizing some of the key RF parameters such as PCB isolation and antenna isolation for MSD evaluation
· In favour: QC, Xiaomi, Skyworks, HW, Sony, Samsung, CMCC, Apple, Meta
· Against: Nokia, CHTTL
· FFS: AT&T, [ZTE]
Proposal 2: The feasibility on how much PCB isolation and antenna isolation can be improved needs further studies
· In favour: QC, vivo, Xiaomi, Skyworks, HW, Sony, Samsung, CMCC, Apple, Meta
· Against: Nokia, CHTTL
· FFS: AT&T, [ZTE]
Proposal 3: RAN4 should also consider MSD reduction via UL power back-off as part of the objectives during the study phase of the lower MSD investigation 
· In favour: Xiaomi, HW, Sony, Apple
· Against: Nokia, CHTTL, [CMCC] 
· FFS/clarification: DCM, AT&T, Meta
Proposal 4: RAN4 focus on the key MSD contributor (PA linearity, filter rejection, antenna and PCB isolation), get consensus on the already used value and the room for improvement, then the relative MSD improvement 
· In favour: OPPO, Xiaomi, Nokia, HW, Sony, CMCC, Apple, Meta
· FFS: AT&T, [ZTE]
The views of companies are not converged. Though few companies disagree with P1 and P2, most companies are open to have further study of harmonizing some key RF parameters and study the feasibility on PCB/antenna isolation, and isolation range is also proposed by some companies. As for P3, after further clarification by Apple, companies may further think if that is a viable method to be studied. P4 is less controversial based on the feedback during the discussion. 
Recommendations for 2nd round:
Further discussion in 2nd round based on the WF.

Issue 4-2-5: How to justify the improved MSD
Tentative agreements:
Candidate options:
Proposal 1: Any declared MSD improvement should be testable. FFS whether conductive tests would be sufficient
· In favour: OPPO, vivo, Xiaomi, HW, Sony, Samsung, CMCC, [Apple], Meta
· Against: Nokia
Proposal 2: Do not consider radiated performance requirements for Lower MSD for CA/DC, at least for this release in this WI
· In favour: vivo, [HW], [Samsung], Apple
· Against: Nokia
Proposal 3: Testability issue should be further studied in RAN5, in the next release or in a separate WI
· In favour: QC, Skyworks, AT&T

9 companies think that conductive test can be considered to justify the improved MSD, 1 company wants more clarification of P1 and P2, and 3 companies prefer to consider the testability issue in RAN5. More discussion is needed. 

Recommendations for 2nd round:
Further discussion in 2nd round based on the WF.

Issue 4-2-6: How to obtain the threshold(s) of improved MSD
Tentative agreements:
Candidate options:
Proposal 1: By means of analysis and discussion, e.g. Analysis of structure, etc.
· In favour: vivo, HW, Samsung, CMCC
· Against: Nokia
Proposal 2: By means of submission of MSD values, e.g. similar to data driven approach. 
· In favour: vivo, HW, [CMCC]
· Against: Nokia, [Samsung], 
Proposal 3: Flexible defined by network, and no need to have specific value(s) for improved MSD 
· In favour: QC, OPPO, ZTE
· Against: Samsung
· FFS: Nokia, CMCC
Proposal 4: Others (FFS)
· In favour: Xiaomi, CHTTL, Apple, Meta, AT&T
Views from companies are divided. More discussion is needed. 

Recommendations for 2nd round:
Further discussion in 2nd round based on the WF.


	Sub-topic#4-3
	Issue 4-3-1: Necessity of signaling improved lower MSD
Tentative agreements:
Candidate options:
Views of companies are divided. Majority companies prefer to study the UE capability reporting method, but several companies also commented that NW based method can also be studied. 
Recommendations for 2nd round:
No further discussion in 2nd round. 
Companies can continue discussion on the signaling aspects even no consensus on the necessity of signaling based MSD improvement method. Companies interested in this direction can provide more analysis in next meeting.

Issue 4-3-2: Clarification of the expected behaviour from NW for the potential lower MSD capability
Tentative agreements:
Candidate options:
Proposal 1: It needs to be clarified what are the expected behaviour for gNB after receiving the improved MSD information from UE (R4-2211926 CUC)
Proposal 2: Consider NW configured MSD reporting threshold and UE indicate its ability instead of defining another MSD requirement in RAN4 spec (R4-2213310 OPPO)
Proposal 3: Network may propose some tentative threshold with specific system performance gain as kind of target as a reference (R4-2212805 vivo)
Proposal 4: The network should treat UEs of different MSD capabilities in a fair manner. And the UEs without indicating low MSD can still be scheduled (R4-2212453 HW)
Proposal 5: Different UEs with different MSD behaviours might be treated differently in the Network (R4-2212009 Samsung)
The proposals are not exclusive, which can be considered all together or part of them. Some companies provided feedback with favorite proposals, but some didn’t. Views are not converged. Though usually UE capability shall not mandate the NW behavior, there could be expected NW action upon the reported capability from the UE side. There are also proposals to consider NW configured threshold(s). More discussion is needed.
Recommendations for 2nd round:
Further discussion on clarification of expected NW behaviour in 2nd round based on the WF.

Issue 4-3-3: If lower MSD capability is introduced, should it be an optional capability?
Tentative agreements:
If lower MSD capability is introduced, it should be an optional capability.
Candidate options:
All companies agree option 1. 
Recommendations for 2nd round:
No more discussion in 2nd round.

Issue 4-3-4: How to indicate the MSD is improved for a band combination?
Tentative agreements:
Candidate options:
The following aspects from options proposed by companies are discussed in 1st round:
· Whether the lower MSD capability is a per BC capability
· Yes/FFS: QC, OPPO, vivo, Xiaomi, HW, Sony, Samsung, DCM, Meta, ZTE
· Whether lower MSD capability for different interference sources could be reported separately
· Yes/FFS: OPPO, vivo, Sony, DCM, Meta, ZTE
· Whether lower MSD capability means all MSD types for a band combination have been improved
· Yes: Samsung, [vivo], ZTE
· No: OPPO, 
· Delta MSD compared to minimum requirement or improved MSD value to be reported
· FFS: Nokia, Meta, ZTE
· No: OPPO, 
· Applicability of lower MSD capability for different power class
· Yes: OPPO, Meta, [ZTE]
· MSD threshold(s). A single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?
· FFS: OPPO, vivo, Nokia, Huawei, CHTTL, Samsung,ZTE
· MSD reduction via UL power back-off
· Yes: [Apple], Huawei, Sony, [ZTE]
· No: OPPO, vivo, Nokia, Samsung, 
In addition, the case that the same BC has two different MSD due to the same MSD type and order has also been proposed. 
Views are divided among companies. Further study is needed. 
Recommendations for 2nd round:
Further discussion in 2nd round based on the WF.

Issue 4-3-5: How to handle the possible capability for a band combination with different MSD types, e.g. harmonics, IMD?
Tentative agreements:
Candidate options:
Option 1: The low MSD capability is per band combination, and whether different MSD type is also needed to be indicated separately under per band combination can be further considered based on the reporting method 
Option 2: others
In general, the options are open to have further study on the case where a BC has different MSD types. Majority companies prefer to have further study. Two companies prefer to have only one low MSD value which is the max one among all low MSD values. 

Recommendations for 2nd round:
Further discussion in 2nd round based on the WF.
Issue 4-3-6: How to handle the possible capability for a band combination with same MSD type but with different orders? 
Tentative agreements:
Candidate options:
Option 1: In case more than one order exists for a certain interference source of a band within the band combination, only the lowest order needs to the considered (R4-2212010 Samsung)
· Vivo, Samsung, HW, CMCC, Meta, ZTE
Option 2: others
· QC, OPPO, Xiaomi, Nokia, CHTTL, AT&T, [Skyworks]

More companies prefer to have further study. 
Recommendations for 2nd round:
Further discussion in 2nd round based on the WF.

Issue 4-3-7: Other potential signalling aspects to be considered
Tentative agreements:
Candidate options:
Proposal 1: To define the signalling design and reduce the signalling overhead, RAN4 should analysis a correlation between the amount of MSD improvement for a certain MSD source and that of MSD improvement for another MSD source 
Proposal 2: It would be sufficient to report the capabilities for only fallback BCs categorized as minimum BC unit that is the smallest component of each MSD type. NW can assume that all the supported higher order BCs inherit the reported MSD performance per fallback BCs in minimum BC unit levels 
Proposal 3: The trade-off alternative of capability signalling information could be considered after the Lower MSD threshold (Per source? How many capability classes per source?) and the Lower MSD capability definition (Per band combination?) defined 
Proposal 4: Do not consider dynamic reporting / UE SIR measurement and similar schemes for lower MSD 
Proposal 5: only the max low MSD value should be reported for a given band combination
In total 14 companies provided feedback for the proposals.
P1: HW, Sony, CHTTL, CMCC, Meta, AT&T
P2: Nokia, HW, Samsung, Sony, CHTTL, CMCC, Meta, AT&T
P3: OPPO, Nokia, HW, Sony, CHTTL, CMCC, AT&T
P4: vivo, Nokia, Samsung, CHTTL, Meta, AT&T
P5: QC, Xiaomi

The proposals are not exclusive to each other. Most companies are open to have further study for the proposals, though some of them are not favored by some companies, but no majority view so far. These proposals can be considered together with the aspects in 4-3-4. 

Recommendations for 2nd round:
Further discussion in 2nd round based on the WF.

Issue 4-3-8: Lower MSD capability definition
Tentative agreements:
The concept can be considered as a starting point, which will be further discussed once the group has a clear view on the lower MSD capability. 
Candidate options:
Option 1: In case Lower MSD capability is defined as per band combination and Lower MSD capability threshold is defined as per interference source. 
Option 2: others
Most companies prefer option 2 and think it’s too early to draw a conclusion, but are open to the definition concept. 
Recommendations for 2nd round:


	Sub-topic#4-4
	[bookmark: _Hlk111191893]Issue 4-4-1: Update of TR skeleton
Tentative agreements:
In general, the list aspects could be considered in the TR, but what should be captured depends on the study progress. 
Candidate options:
Recommendations for 2nd round:
No further discussion in 2nd round. 

	
	

	
	



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

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



Discussion on 2nd round (if applicable)
	T-doc number
	Company
	Proposals / Observations

	R4-22xxxxx
	Huawei, HiSilicon
	WF on study for lower MSD


WF on study for lower MSD
If any comments for the WF needed, please provide them here during 2nd round discussion.
	Company
	Comments

	Meta
	See our comment in the WF

	
	

	
	



Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Moderator’s summary:
The WF will be further discussed on GTW session.
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_104-e/Inbox/Drafts/%5B104-e%5D%5B132%5D%20FR1_enh2/Round2/WF%20lower%20MSD/WF%20on%20study%20for%20lower%20MSD_v22_for%20GTW.doc
Comments transferred from draft WF
[bookmark: _Hlk112338956]Candidate example band combinations
· Recommended WF
Use the following example band combinations to study the feasibility of MSD improvement for different MSD types:
· CA_n3-n78 (IMD2, IMD4, 2nd harmonic)
· CA_n28-n40 (harmonic mixing)
· CA_n41-n77 (cross band isolation)
· CA_n2-n5-n77 (IMD falling into 3rd band)
Note 1: All supported power classes for the above example band combinations can be analyzed
Note 2: Band combinations with two bands are in the first priority
	Company
	Comments

	Skyworks
	For cross band isolation we think we should choose a case where MSD comes from ACLR1 or 2.

	Samsung
	We are fine with the WF.
We understand each company have their own interested band combos, but compromise is needed here.
Though some combos are selected as example band combinations, we never exclude any study of other combos if companies would like to bring either link budget calculation or measurement data in following meetings on top of the example combinations. More analysis would be beneficial.

	Meta
	Support the example band combinations for MSD anlaysis

	Apple
	We share the same view as Skyworks on the cross-band isolation case. All other example combinations in the recommended WF are fine with us.

	Nokia
	We understand that some compromises are needed. However, in order to analyze how the mount of MSD impacted by one or some of RF components performance improvement, we don’t think that we limit the MSD types belonging to each listed band combination.
For instance, CA_n3-n78, it has MSD due to harmonic mixing as well. We need to study if IMD2/4 is improved by e.g., PCB isolation, is 2nd harmonic interference and/or harmonic mixing is also improved or not. If yes, how much improvement can be expected? The analysis is needed. Compomises are understandable while we should not miss what we originally aim at.
From the above perspective and CA_n1-n3-n78 has all the MSD types, we propose followings.
· CA_n1-n3-n78 (IMD2, IMD4, 2nd harmonic)
· CA_n28-n40 (harmonic mixing)
· CA_n41-n77 (cross band isolation)
· CA_n2-n5-n77 (IMD falling into 3rd band)
Note 1: All supported power classes for the above example band combinations can be analyzed
Note 2: Band combinations with two bands are in the first priority

	OPPO
	For the band n3+n78, there are harmonics and also IMD, these interferences are likely will overlap with each other, then the final impact will be the total interference. If we try to study the improving methods, maybe it is better to focus on one of the interferences in each CA configuration to avoid mutual impacts?

	CHTTL
	Prefer that DC is included, or the analysis can also be applied to DC.

	ZTE
	We see differernt proposals form different companies from different aspects. In our understanding, the criterion to select band combinations should be discussed first.

	Huawei
	The purpose of the example bands is to allow the group to focus the effort on common targets and to allow comparison of results from different contributions. In addition to the example bands as well as the associated MSD source(s) to be focused on, companies are welcome to bring extra analysis results if they think it’s necessary.
OK with Skyworks comments, how about CA_n5-n28 (MSD from ACLR2)?

	Qualcomm
	We are Ok with the suggested band combinations for study


power class to be considered for the band combinations in lower MSD study
Tentative agreement of round 1 discussion
Both PC2 and PC3 band combinations could be considered as example band combination. Other power class is not excluded.
	Company
	Comments

	Skyworks
	One MSD improvements are identified for PC3 it will be fairly easy to extrapolate for PC2 (or PC1.5). We suggest to use PC3 as the baseline scenario for the study and extrapolate for higher power classes

	Intel
	Agree that both PC2 and PC3 should be evaluated.  PC3 or PC2 could be analyzed first and then extrapolated.  Probably the higher power class should be done first.

	Samsung
	Fine with the WF.

	Meta
	We are OK to WF

	Apple
	We are fine to consider both PC3 and PC2. PC3 can used as a baseline as suggested by Skyworks.

	MediaTek
	We share Skyworks view and agree on extrapolate for higher power conditions.

	Nokia
	Not sure why PC3 is used as the baseline scenario if it is easy to extrapolate for higher power classes. We need to know how much difference can be seen in the end. And once spreadsheet for link budget for PC3 is ready, PC2 is almost ready for most of the MSD types. Regarding other power class, it must be PC1.5 but it is single UL CC transmission only.

Both PC2 and PC3 band combinations could be are considered as with example band combinations. Other power class with the example band combinations is not excluded if it’s in the specifications.

	CMCC
	We are OK with the WF.

	vivo
	OK with the WF.

	OPPO
	Ok with WF

	CHTTL
	Fine to consider both PC3 and PC2.

	ZTE
	Bascially with the WF. Maybe it should be discussed together with issue 1.1. 

	Xiaomi
	Ok with the WF

	Huawei
	The proposal here is open enough to accommodate different views.

	Sony
	Fine with the WF. 

	DOCOMO
	We are OK with the WF.

	Qualcomm
	We are Ok with the WF



Whether to change the existing MSD requirement
Tentative agreement of round 1 discussion
The minimum requirements in the specification shall be kept unchanged for the lower MSD study.
	Company
	Comments

	Samsung
	Support.

	Meta
	It is quite early to decide the conclusion. But we are fine to the Tentative agreements.

	MediaTek
	Support the agreement. The existing requirements shall not be changed

	vivo
	Support. This should be a basic assumption.

	OPPO
	Ok with WF. Meanwhile we need to think about how to treat the lower MSD study outcome and where to capture it.

	ZTE
	Fine with the agreement.

	Xiaomi
	Support, the low MSD should be optional.

	Sony
	We support the WF. 

	Qualcomm
	We are Ok with this agreement


RF component assumptions and methods for lower MSD analysis
· Recommended WF
The following assumptions and methods should be considered for the MSD study in next meeting.
· Antenna isolation: 10~20dB
· PCB isolation: 60~[75]dB
· Other parameters, e.g. RF component linearity, diplexer/duplexer/filter rejection, etc. up to the choice of companies
· For the MSD study, the parameters used in the analysis should be provided
· MSD reduction via UL power back-off is FFS, depending on further inputs and clarification in next meeting
Note: It is understood that practical implementations usually make different design trade-offs. The optimal values are unlikely to be achieved for all RF parameters and/or all band combinations simultaneously.
	Company
	Comments

	Samsung
	We support the WF.
At least the feasible range of the two key contributors (Antenna isolation, PCB isolation) could be firstly harmonized to facilitate the Improved MSD study. Nokia, Huawei, Apple have already provided relevant analysis in this meeting, we would also input some analysis in terms of potential MSD improvement in following meetings based on the assumption, i.e., Antenna isolation:10~20dB, PCB isolation: 60~[75] dB, maybe also include other parameters contribute to certain MSD.

	Meta
	One question, When RAN4 decide not to specify the lower MSD requirements, then why the detail parameters are needed to analyze the MSD level. Maybe, I believe that some rough simulation parameters are needed to check the MSD tendency.

	Apple
	The recommended WF looks reasonable. It is suggested companies to highlight their nominal parameters assumed so that the improvement can be compared in the analysis. 

	MediaTek
	The parameters range in recommended WF seems reasonable. Fine with the WF

	Nokia
	We definitely disagree with the proposal. There is no meaning to study lower MSD if the proposed assumptions are taken. The origin of this lower MSD discussion is there are UEs with even better MSD performance than minimum requirements with even better design and/or better RF components performance. If we discuss these assumptions with almost the same assumptions that RAN4 has used, what is the new point of this study?
Moreover, it is true that if power decreases, MSD decreases, why do we need to study relation b/w MSD and power back off?

	CMCC
	The WF is OK for us. We need unified assumptions and methods to help extrapolate to other band combinations beside example bands.

	vivo
	It is still believed that these parameters are difficult to converge, and the derivation may involve more than one method. 
1. The antenna isolation range may be better also use [20] for higher end, and the PCB isolation can use a even higher upper limit, e.g. [80]dB.
2. Clarify that these study would be a starting point.


	OPPO
	Ok with WF, but it seems the improved MSD will be small with these assumptions…
Not quite clear how companies to justify the value used in the evaluation, maybe the real UE performance could be considered?

	CHTTL
	Share the similar view as Nokia.
And we think study and harmonized the RF assumption is much related to 2.1, if we agree not to touch the minimum requirement, then why do we need to align the assumptions and check the detail parameters? 
Also in our view the antenna isolation, PCB isolation can be even higher with more aggressive assumption, we don’t need to set the restriction at this point if it is for study only.

	ZTE
	Not sure what’s the purpose to define the improved RF parameters. Are we going to re-evaluate the MSD requirments and define such additional new MSD requirements for the exsiting band combination in the spec? 
In our view, we think it is infeasible to define additional new improved MSD requirements in the specification considering there are lots of the band combination and it is time consuming.

	Xiaomi
	We are ok with some reasonable assumptions in term of implementation for the feasibility study.

	Huawei
	The proposals here are to identify the key MSD contributors as well as the feasible value range for them. So far antenna isolation and PCB isolation can be agreed to be the key parameters, and others may be found in the following study. It’s expected that the analysis of MSD vs key contributors for the example bands are performed by interested companies in a way similar to what Apple, Nokia and Huawei have done in their contribution for this meeting.
Companies are freed to increase the value ranges, but whether it’s feasible is subject to discussions by the group.
Regarding MSD vs Tx power, we don’t think it means reducing MSD by lowering Tx power. Our understanding is that the actual Tx power of a UE may be lower than the nominal max power as assumed by the conventional MSD analysis. Since this issue is raised by several companies, we’re open to further discuss it.

	Sony
	We share the similar understanding as Huawei and general fine with the WF. Maybe we can consider to also clarify the purpose of the study as Huawei explained in the WF. 

	Qualcomm
	As antenna isolation and PCB isolation play a crucial role in MSD reduction companies should do a preliminary study on what is achievable before agreeing on the specific range of values to target for this study. We feel that to get substantial reductions in MSD the PCB isolation would have to be larger than what is proposed in this WF.


How to justify the improved MSD
· Recommended WF
· Any indicated MSD improvement should be verified
· The verification of improved MSD should be based on the same test configurations as for the minimum requirements (MSD test points, UL/DL configurations, etc.) 
· No radiated performance requirements are considered to verify MSD improvement
· Detailed testability issues could be further studied in RAN5
	Company
	Comments

	Samsung
	Fine with the WF

	Meta
	Basic principle is OK. The verification methodology will further discuss about the lower MSD. 

	Apple
	We are fine with the recommended WF.

	MediaTek
	Fine with the WF except the last bullet. If the test configurations are same, why RAN5 ned further study testability issues?

	Nokia
	We’d like to correctly understand the 1st bullet just in case.
Regarding the 1st bullet: “Any indicated MSD improvement should be verified”
Does this mean that once a UE indicates a lower MSD capability, e.g., MSD is 10 dB better than corresponding min requirement, e.g., 30 dB, then, the UE needs to pass a test under the 2nd bullet condition but the wanted signal level is 10 dB lower? Note that an indication method in the above example is just an example.
With respect to the 3rd, the direction of the proposal looks good, but we’d like to make clear that this is not specific MSD improvement, but common to MSD min requirement as well as MSD improvement.
· No radiated performance requirements are considered to verify MSD min requirement as well as MSD improvement under this WI
Lastly for the 4th bullet, it may not be harmful, but we don’t see the necessity of capturing it. Capturing the 3rd bullet is sufficient enough. 

	CMCC
	We are OK with the WF.

	vivo
	For third bullet, it is proposed to add this restriction: “for this release in this WI” in the end. Since there may still different understanding and need in the future. Nokia’s wording is also fine.

	OPPO
	For clarification, with the 1st bullet, does it mean the improved MSD will also be defined in RAN4 spec, and be tested by RAN5? If it is, maybe can improve the wording:
Any indicated MSD improvement should be defined in RAN4 and verified by RAN5.
Regarding 3rd bullet, this is RAN5 testability issue, should leave it to RAN5. For example, if the MSD improvement is done via the antenna isolation improvement, then the conducted tests may not be able to verify this improvement, whether using radiated method is decided by RAN5.
With 4th bullet there, maybe 3rd bullet is not needed.

	ZTE
	We think the RF architecture should also be taken into account.

	Xiaomi
	We are OK with the WF.

	Huawei
	For the 1st bullet, we’re OK with OPPO’s revision. For the 3rd bullet, we’re OK with Nokia’s revision. As pointed out by OPPO, there’s potential testability issue, so it’s better to keep the 4th bullet.

	Sony
	Considering the potential testability issue as pointed out by Oppo, it may be better to keep 4th bullet.  

	Qualcomm
	We believe that the issue of testability should be studied later. We should first concentrate on developing the specifications for low MSD.


How to obtain the threshold(s) of improved MSD
· Recommended WF
· How to obtain the threshold(s) can be further considered together with the MSD signaling part in next meeting
	Company
	Comments

	Samsung
	Fine with the WF.
Published Lower MSD threshold(s) are necessary. With unified and published threshold(s), generally speaking if the actual MSD is larger than threshold(s), UE does not need to storage the values and indicate to NW. If without published threshold(s), engineers have to storage a mass of MSD values into the UE memory, without even knowing what this capability mean（what the logic behind this）, they are helpless in terms of judging which MSD values are supposed to be stored and which are not necessary, but have to store all the values which is a waste of UE resources. For example if the specified MSD is 30 dB while the actual MSD is 25, UE would restore and report 25dB (or corresponding class) but it is meaningless since it is expected network still have concern on deploying this combo. Although we understand the intention might be giving network maximum flexibility on schedule, actually it indeed do harm to UE side, hence we want to highlight here, we shall balance the benefit for both UE side and NW side. 

	Meta
	The detail mechanism shall further discuss based on the feasibility study results.

	Apple
	MSD is only specified for a specific worst-case carrier configuration. The value may not be indicative for different carrier configurations. For example, the same MSD mechanism may only have partial IMD falling into the DL victim carrier under a separate configuration.  

	MediaTek
	Fine with the WF. It is too early to make decision.

	Nokia
	Further study is OK, but we need to clarify what “threshold” exactly means here. We are fine to discuss the threshold that Samsung used as an example.

	CMCC
	The WF is OK for us. We don’t support proposal 2. we need some common solutions to help improve MSD and extrapolate to other combination beside example band. Data driven method is not the common solution and will require repetitive work for new band combination.

	vivo
	OK with the WF.
This seems still diverse. Among the proposals we also think proposal 3 is not appropriate, since it lack a guidance of threshold which is useful and Samsung’s concern may also need to be taken into account.

	OPPO
	Ok with WF, should focus on the MSD improvement first.

	Xiaomi
	OK with the WF. And it also pending on the feasibility study results

	Sony
	Fine with the WF.

	Qualcomm
	Ok with the WF, we prefer proposal 3 to let UE to indicate what low MSD value it can support for a given band combination and signal it to the NW.


Necessity of signaling improved lower MSD
· Recommended WF
· Companies can continue discussion on the signaling aspects even no consensus on the necessity of signaling based MSD improvement method. Companies interested in this direction can provide more analysis in next meeting.

	Company
	Comments

	Samsung
	Fine with the WF.

	Meta
	Support the Recommended WF

	MediaTek
	Fine with the WF

	Nokia
	We don’t agree with the WF. The WID says a following.
· Study the feasibility of and options for allowing a UE to signal improved lower MSD performance capability for combinations where MSD is allowed
We understand that we didn’t reach a consensus on a specific signaling based MSD improved method. But it’s clear that we need to study signaling to allow UE to report as a capability.
Hence, it’s clear that companies can bring more analysis according to the WID so that this WF is not needed.

	CMCC
	Fine with the WF

	vivo
	OK with the way forward.

	OPPO
	Ok with WF. At least we need to first looking at the outcome of MSD improvement study according to the WID it says “signal improved lower MSD”.

	CHTTL
	Share the same view as Nokia that anyway companies can bring more analysis and discussion in the next meeting, so probably we don’t necessary need this agreement.

	ZTE
	We share similar feeling with Nokia. Signalling should need to be studied in terms of the objective.

	Xiaomi
	Fine with the WF. It somehow depends on the outcome of feasibility study.

	Huawei
	To Nokia: we don’t find conflicts between the recommended WF and the WID objective.

	Sony
	Fine with the WF.

	Qualcomm
	We are Ok with the WF


Clarification of the expected behaviour from NW for the potential lower MSD capability
· Recommended WF
· Basic assumption is that UE with or without lower MSD capabilities should be treated fairly in the NW, but how to schedule UEs with different MSD capabilities is up to NW implementation
· How the lower MSD capability can be utilized by the NW can be further clarified in next meeting

	Company
	Comments

	Samsung
	Fine with the WF.

	Apple
	We kindly request the clarification on how the network would handle UE with different MSD capability in terms of scheduling the combination.  

	MediaTek
	Fine with WF. UE with or without lower MSD capabilities should be treated fairly in the NW is baseline

	Nokia
	It’s difficult to agree with the two proposals as they are. As we commented in the 1st round, “fairly” is very subjective…
· Basic assumption is that UE with or without lower MSD capabilities should be treated according to indicated performance in the NW, but how to schedule UEs with different MSD capabilities is up to NW implementation
We don’t agree with the last bullet as commented in the 1st round, although we understand the motivation. 

	CMCC
	Fine with the WF

	vivo
	Fine with the WF.

	OPPO
	As a general principle the WF is ok, but not sure how much value of the 1st bullet since it is up to NW implementation…

	CHTTL
	Share the same view as Nokia. Since in RAN4 normally we don’t discuss on the fairness of the network treatment, but we think the baseline assumption is that handling UEs in an unfair manner is not the purpose of this feature as mentioned by Nokia in the 1st round.

	Xiaomi
	Ok with WF

	Huawei
	For the 1st bullet, can be revised to:
“How to schedule UEs with different MSD capabilities is up to NW implementation”
For the 2nd bullet, it seems only one company is against it. Since it helps to understand the newly proposed MSD capability, the 2nd bullet should be kept.

	Qualcomm
	We are Ok with the WF with the revised wording for the first bullet provided by Huawei.


If lower MSD capability is introduced, should it be an optional capability?
<Agreement>: 
If lower MSD capability is introduced, it should be an optional capability.
How to indicate the MSD is improved for a band combination
· Recommended WF
The following aspects related to lower MSD signaling will be further discussed in next meeting.
· Whether the lower MSD capability is a per BC capability
· how to handle a band combination with different MSD types
· how to handle the same BC with different victim bands suffered the same MSD type and order
· Whether lower MSD capability for different interference sources could be reported separately
· Whether lower MSD capability means all MSD types for a band combination have been improved
· Whether delta MSD compared to the minimum requirements or directly improved MSD values to be reported
· Whether a single/unique MSD value or MSD threshold(s) for a band combination to be considered
· If MSD threshold(s), whether a single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?
· Whether MSD reduction via UL power back-off could be dynamically reported
· Applicability of lower MSD capability for different power class
· Signaling overhead for the lower MSD capability

	Company
	Comments

	Samsung
	Fine with the WF.

	Meta
	Support the Recommended WF. But power back-off scheme is not consider max. power configuration for REFSENS. So it is not fair for the MSD requirements with max. power. Anyway, RAN4 can further discuss the combinations with power back-off and lower MSD.

	MediaTek
	Fine with the WF

	Nokia
	Fine with the WF except for the bullet of “Whether MSD reduction via UL power back-off could be dynamically reported”. 

	vivo
	OK with WF.

	OPPO
	Ok with WF. Not quite clear the meaning of “MSD reduction via UL power back-off could be dynamically reported”. Does it mean the real MSD reporting in the field according to its dynamic Tx power? Clarification is needed.

	CHTTL
	We also have concern on the dynamically report of the MSD reduction via UL power back-off, it seems that not clear what is going to be reported, and if our understanding is correct, maybe the proposal of the proponent means “Whether MSD report depending on the actual UL Tx power could be dynamically reported”, however this will increase the complexity also maybe there is no need to be dynamic.
We are in general fine with other part of the WF.

	ZTE
	OK with WF.

	Xiaomi
	Ok with WF

	Huawei
	Several companies have proposed to study MSD vs actual Tx power and we also think it’s a valid option to be evaluated. At this early stage, we should not preclude methods for MSD improvement. 

	Sony
	Fine with the WF.

	Qualcomm
	Ok with the WF


Lower MSD capability definition
<Agreement>: 
The concept of lower MSD capability definition can be considered, which will be further discussed once the group has a clear view on the lower MSD capability.
	Company
	Comments

	Samsung
	We are fine with the agreement.

	Meta
	Yes, we can further discuss the necessity of lower MSD capability definition.

	MediaTek
	Fine with WF. But one question, if the MSD of new combo as adopt improved parameters, there will be no “low MSD” for the new combo, shall such combo also indicate “low MSD capability”?

	Nokia
	We’d like to correctly understand the proposal…. The agreement says the concept can be considered once the group has a clear view on the lower MSD capability. How can the group have a clear view without discussing the concept or direction? It seems we discuss something without any concept or direction in a chaotic manner.
In any case, several aspects are discussed based on the agreements under the other sub-sections so that we don’t think we need this agreement. Or perhaps, we guess the proposal may have wanted to say that a specific lower MSD capability will be defined once the group has a clear view on the lower MSD capability after the study. If so, we are ok, though it looks quite natural.

	CMCC
	Fine with the WF

	vivo
	Ok

	OPPO
	Ok with WF.

	CHTTL
	Based on our understanding of the 1st round, the lower MSD capability definition will be defined and discussed after companies have consensus on the report method, so it seems that we don’t necessary need this agreement, but we are also not against it.

	ZTE
	Ok to further discussion in the WF.

	Xiaomi
	Ok with WF

	Huawei
	RAN4 can probably agree that any MSD value lower than the existing minimum requirements can be considered as “MSD improvement”. But it seems there’s no consensus on how low is qualified as “low MSD” capability. Some argue that the improved MSD should be lower than certain threshold(s); others propose that all MSD values can be reported via a number of intervals. If RAN4 is to introduce this new capability, we need clear definition to add it to TS 38.306 and/or other specs.

	Qualcomm
	Ok with the WF. This issue can be discussed further 




6. Recommendations for Tdocs
6.1 1st round
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	R4-22xxxxx
	WF for assumptions on CPE/FWA/vehicle/industrial devices
	SoftBank Corp.
	

	R4-22xxxxx
	WF on FR1 4Tx UE RF requirements
	vivo
	

	R4-22xxxxx
	WF on FR1 8Rx UE RF requirements
	NTT DOCOMO, INC
	

	R4-22xxxxx
	WF on study for lower MSD
	Huawei, HiSilicon
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

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

	R4-2211749
	
	Assumptions on CPE/FWA/vehicle/industrial devices
	SoftBank Corp.
	Noted
	

	R4-2213725
	
	Work plan for Rel-18 FR1 UE RF enhancement
	Huawei, HiSilicon, NTT DOCOMO, INC
	Agreeable
	

	R4-2212096
	
	4 Tx RF issues
	Qualcomm Incorporated
	Noted
	

	R4-2212186
	
	Discussion on 4Tx UE RF requirements
	LG Electronics
	Noted
	

	R4-2212597
	
	Discussion on 4Tx on for CPE FWA vehicle industrial devices
	Xiaomi
	Noted
	

	R4-2212712
	
	Discussion on 4Tx UE RF requirements
	ZTE Corporation
	Noted
	

	R4-2212803
	
	Impact analysis on 4Tx UE RF requirements
	vivo
	Noted
	

	R4-2213311
	
	R18 Discussion on 4Tx FWA
	OPPO
	Noted
	

	R4-2213726
	
	On 4Tx UE RF requirements
	Huawei, HiSilicon
	Noted
	

	R4-2214067
	
	EVM for Transmit Diversity with 4Tx
	Lenovo
	Noted
	

	R4-2212014
	
	On 8Rx for CPE FWA vehicle Industrial devices
	Samsung
	Noted
	

	R4-2212561
	
	Discussion on NR 8Rx
	ZTE Corporation
	Noted
	

	R4-2212804
	
	Impact analysis on 8Rx UE RF requirements
	vivo
	Noted
	

	R4-2213193
	
	Considerations on 8RX UE RF requirements
	Qualcomm Finland RFFE Oy
	Noted
	

	R4-2213312
	
	R18 Discussion on 8Rx FWA
	OPPO
	Noted
	

	R4-2213727
	
	On FR1  8Rx UE RF requirements
	Huawei, HiSilicon
	Noted
	

	R4-2213969
	
	Initial discussion on enabling 8Rx for CPE/FWA/vehicle/industrial devices in FR1
	Ericsson Limited
	Noted
	

	R4-2211822
	
	Selection of band combinations for low MSD investigation
	Qualcomm Incorporated
	Noted
	

	R4-2211825
	
	Signalling for low MSD
	Qualcomm Incorporated
	Noted
	

	R4-2211926
	
	Views on lower MSD for Inter-band CA
	China Unicom
	Noted
	

	R4-2212009
	
	Network benefit of lower MSD capability
	Samsung
	Noted
	

	R4-2212010
	
	Feasibility study on signaling for Lower MSD
	Samsung
	Noted
	

	R4-2212092
	
	Essential considerations of lower MSD signaling
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2212093
	
	Possible approaches to improve MSD
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2212094
	
	Band combinations for lower MSD discussion
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2212159
	
	On the principles of the lower MSD discussion for UE device type 
	Facebook Japan K.K.
	Noted
	

	R4-2212317
	
	The necessity of signaling improved lower MSD
	CMCC
	Noted
	

	R4-2212318
	
	MSD example bands and enhanced minimum requirements
	CMCC
	Noted
	

	R4-2212382
	
	Analyses and views on MSD improvement for inter-band CA/DC
	Apple
	Noted
	

	R4-2212386
	
	Initial views on lower MSD in Rel-18 RF FR1 enhancements
	NTT DOCOMO INC.
	Noted
	

	R4-2212452
	
	Discussions on the feasibility of improving MSD
	Huawei, HiSilicon
	Noted
	

	R4-2212453
	
	Discussions on the feasibility of signalling for low MSD
	Huawei, HiSilicon
	Noted
	

	R4-2212598
	
	Discussion on lower MSD for inter-band CA/EN-DC/DC
	Xiaomi
	Noted
	

	R4-2212715
	
	Discussion on lower MSD for inter-band CA/ENDC
	ZTE Corporation
	Noted
	

	R4-2212805
	
	General analysis on improve MSD
	vivo
	Noted
	

	R4-2213083
	
	Discussion on the capability signalling options for Low MSD indication
	CHTTL
	Noted
	

	R4-2213309
	
	R18 Discussion on MSD improvement approaches
	OPPO
	Noted
	

	R4-2213310
	
	R18 Discussion on MSD improvement signalling
	OPPO
	Noted
	

	R4-2213728
	
	TR skeleton for lower MSD
	Huawei, HiSilicon
	Agreeable
	



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

6.2 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
	

	R4-2214449
	
	WF for assumptions on CPE/FWA/vehicle/industrial devices
	SoftBank Corp.
	Agreeable
	

	R4-2214450
	
	WF on FR1 4Tx UE RF requirements
	vivo
	Agreeable
	

	R4-2214451
	
	WF on FR1 8Rx UE RF requirements
	NTT DOCOMO, INC
	Agreeable
	

	R4-2214452
	
	WF on study for lower MSD
	Huawei, HiSilicon
	Agreeable
	[bookmark: _GoBack]



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

image1.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

2

1


oleObject1.bin

image2.wmf
1

1

1

1

1

1

1

1

éù

êú

êú

êú

êú

êú

=

êú

êú

êú

êú

êú

êú

ëû

H


oleObject2.bin

image3.wmf
1

1

1

1

1

1

1

1

j

j

j

j

j

j

j

j

éù

êú

-

êú

êú

êú

-

êú

=

êú

-

êú

--

êú

êú

-

êú

--

êú

ëû

H


oleObject3.bin

image4.wmf
11

11

11

11

11

11

11

11

jj

jj

jj

jj

jj

jj

jj

jj

=

éù

êú

--

êú

êú

-

êú

-

êú

êú

-

êú

---

êú

êú

--

êú

--

êú

ëû

H


oleObject4.bin

image5.wmf
1111

1111

1111

1111

1111

1111

1111

1111

jjjj

jjjj

jjjj

jjjj

jjjj

jjjj

jjjj

jjjj

éù

êú

----

êú

êú

----

êú

----

êú

=

êú

----

êú

----

êú

êú

----

êú

----

êú

ëû

H


oleObject5.bin

image6.wmf
÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

è

æ

=

1

1

1

1

1

1

1

1

*

49

1

*

49

4

*

49

9

49

1

*

49

1

*

49

4

49

4

49

1

*

49

1

49

9

49

4

49

1

*

49

16

*

49

25

*

49

36

*

*

49

9

*

49

16

*

49

25

*

49

36

*

49

4

*

49

9

*

49

16

*

49

25

*

49

1

*

49

4

*

49

9

*

49

16

49

16

49

9

49

4

49

1

49

25

49

16

49

9

49

4

49

36

49

25

49

16

49

9

49

36

49

25

49

16

*

49

1

*

49

4

*

49

9

49

1

*

49

1

*

49

4

49

4

49

1

*

49

1

49

9

49

4

49

1

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

gNB

R


oleObject6.bin

image7.wmf
162536

9

14

494949

494949

9162536

114

*

49494949494949

41191625

4

**

494949

49494949

9

41916

14

***

494949

49494949

169

41

****

49494949

25169

4

****

49494949

3625169

****

49494949

*

1

1

1

1

UE

R

bbbb

bbb

bbbbbbb

bbb

bbbb

bbb

bbbb

bbbb

bbbb

bbbb

b

=

9

14

494949

114

*

494949

411

**

494949

9

36251641

***

***

494949

494949

1

1

1

1

bbb

bbb

bbb

bbb

bbb

æö

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

èø


oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

image8.png
ATggsgs is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’
when

a)

b)

UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch
capability is indicated as 't1r2' or ‘tirl-t1r2'

UE transmits SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all

configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwirch capability is indicated as
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