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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: TBA
· 2nd round: TBA

Topic #1: A-MPR requirements for NR FDD PC2 HPUE
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200444
	Apple Inc.
	Proposal: Use regions found in Table 2 for NS_05 and regions found in Table 3,4 and 5.

	R4-2200445
	Apple Inc.
	Proposal: Use regions found in Table 2 and Table 4 with the A-MPR allowance found in Table 3 for NS_48

	R4-2200446
	Apple Inc.
	Proposal: Use regions found in Table 2 and Table 4 with the A-MPR allowance found in Table 3 for NS_49

	R4-2200447
	Apple Inc.
	Proposal: For NS_100 re-use PC3 A-MPR values for PC2.

	R4- 2201834
	Huawei, HiSilicon
	Proposal 1: Define PC2 A-MPR for NS_05, taking into account the simulation results provided in this paper.
Proposal 2: Define PC2 A-MPR for NS_48, taking into account the simulation results provided in this paper.
Proposal 3: Define PC2 A-MPR for NS_49, taking into account the simulation results provided in this paper.
Proposal 4: Update NS_48 and NS_49 to include BW<=20MHz, and define the corresponding A-MPR and remove the RB restrictions for power class 2.

	R4-2202008
	Lenovo, Motorola Mobility
	Proposal: In order to reduce the A-MPR for bandwidth parts, consider studying the definition of A-MPR for bandwidth parts contained within carriers smaller than the full carrier bandwidth.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 A-MPR requirements for 1Tx architecture
Sub-topic description:
Recommended WF for all A-MPR: Assign a WF to one of the proponent companies (Apple or Huawei), who is going to lead the discussion on the tentative A-MPR tables. Interested companies are welcome to join the discussion.
Open issues and candidate options before e-meeting:
Issue 1-1-1: NS_05 & NS_05U
· Proposal: Average results from R4-2200444 and R4-2201834.
· Recommended WF
· TBA

Issue 1-1-2: NS_48
· Proposal: Average results from R4-2200445 and R4-2201834.
· Recommended WF
· TBA

Issue 1-1-3: NS_49
· Proposal: Average results from 2200446 and R4-2201834.
· Recommended WF
· TBA

Issue 1-1-4: PC2 A-MPR for BW≤20MHz
· Proposal: Update NS_48 and NS_49 to include BW<=20MHz, and define the corresponding A-MPR and remove the RB restrictions for power class 2.
· Recommended WF
· TBA

Issue 1-1-5: NS_100
· Proposals
· Option 1: For NS_100 re-use PC3 A-MPR values for PC2.
· Option 2: Others, please specify.
· Recommended WF
· TBA

Sub-topic 1-2 A-MPR requirements for 2Tx architecture
Sub-topic description:
The assumptions for 2Tx A-MPR evaluation were agreed in RAN4#101-e, but there is no simulation/measurement result provided yet. How to determine the 2Tx A-MPR requirements is to be discussed.
Open issues and candidate options before e-meeting:
Issue 1-2: A-MPR for 2Tx
· Proposals:
· Option 1: Wait for simulation/measurement data.
· Option 2: Reuse the same A-MPR requirements as 1Tx
· Option 3: Add a delta value on top of the 1Tx A-MPR. The delta value can be derived from the difference between MPR for 2Tx and 1Tx.
· Option 4: Other options are not precluded.

Sub-topic 1-3 A-MPR for Bandwidth Parts
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 1-3:
· Proposal: In order to reduce the A-MPR for bandwidth parts, consider studying the definition of A-MPR for bandwidth parts contained within carriers smaller than the full carrier bandwidth.
· Recommended WF
· TBA

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

	Skyworks
	We welcome WF to summarize a compromise proposal between Huawei and Apple contributions with the intention to bring some measurements to cross-check key RB allocations at next meeting. 

	DOCOMO
	Issue 1-1-1: NS_05 & NS_05U
Thank you for the contribution. We need further check.
The current A-MPR in Table 6.2.3.4-1 in TS 38.101-1 for NS_05 and NS_05U is different depending on the center frequency, as described in Apple paper(R4-2200444). We need to check the proposed A-MPR value from Huawei(R4-2201834) in the form of Table 6.2.3.4-1. We think A-MPR value is smaller when the center frequency is further from PHS frequency range.
Issue 1-1-5: NS_100
Prefer option 1.

	Huawei
	Thanks Apple for preparing the draft WF. We’re cross checking the proposals and aim to provide feedback before the start of the 2nd round.
An open question regarding NS_05: it seems that the PHS service has been terminated or phasing out in many regions. Is this NS still needed?

	Qualcomm
	It would be good to understand the details of the PA model used for the simulations.  Was this a PC2 FDD PA for Band n1/n3?  Or was it PC3 with increased bias?  Or a TDD PA?  We will check for the tables for the next meeting.  

	Apple
	To answer Qualcomm question: We used a n1 FDD PA model with increased bias for these simulations.

	LGE
	Issue 1-1-1/2/3 : Agree with the proposal to use average manners. We hope to review additional data from interested companies at the next meeting.
Issue 1-1-4 :  Further check how to test the PC2 UE-to-UE coexistence. Based on HW/Apple proposal, RAN4 can test the UE-to-UE coexistence with NS_48/49 to apply A-MPR. But generally, the UE-to-UE coexistence were tested with MPR only. So it would be checked the detail test method of the PC2 UE-to-UE coexistence requirements. Based on this, it is quite premature to remove the RB restriction for UE-to-UE coexistence test.
Issue 1-1-5 :  Support Option1.


 
Sub topic 1-2 
	Company
	Comments

	Skyworks
	Option 1: Considering that dual PA performance is challenging to simulate, we intend to bring measurement data at the next meeting for key RB allocations. The option 2 “1Tx A-MPR” may not be re-used because for PC3 + PC3 PA architecture, the PA linearity calibration point is different than for the case of 1x PC2 PA, and also because 2 tx architecture has additional reverse IMD contribution that is not present in 1 Tx architectures.

	Huawei
	Either option 1 or 3 is OK. But we need to finalise the requirements by next meeting.

	Apple
	We prefer option 1. As HPUE FDD has its own hardware challenges and issues and the decisions should be made on new set of simulations or measurements.

	ZTE
	As mentioned by SKW, more contributors for A-MPR should be considered for 2Tx. It may not easy to simulate the reverse IMD, so measurement would be needed. So option 1 OK. 

	LGE
	We support option 1 and/or option 3.


 
Sub topic 1-3 
	Company
	Comments

	Skyworks
	Do we no need to consider A-MPR optimization for BWP considering that A-MPR is an allowance, not a compulsory requirement?  A UE does not necessarily have to make use of the full allowance.

	Vivo
	Considering verify effort, it will complicate the situation, and no much benefit with huge effort.

	Qualcomm
	Is this proposal specific for PC2 FDD?  Or is it a more general proposal?

	Apple
	We expect higher complexity with introducing dedicated A-MPR for bandwidth parts. The implementation and testing part would be time consuming for to obtaining slight benefits. As Skyworks pointed out MPR is the maximum allowance which does not have to be used to full extend if the UE has better performance. Therefore, we are currently not in favor of this proposal.

	ZTE
	In RAN4 spec, no RF requirements were defined for BWP. No need for the proposal.

	Lenovo, Motorola Mobility
	We think the benefits of defining A-MPR for BWP could be quite substantial.  From the 20 MHz NS_05 example in our paper, we had the following two observations.
Observation 1:  	The allowed A-MPR for bandwidth part BWP 1 is reduced by at least 10 dB for the 5 MHz carrier C1 relative to the A-MPR that is allowed for the 20 MHz carrier.
Observation 2:	For outer RB allocations greater than 1.08 MHz, the allowed A-MPR for BWP 2 is reduced by 7.5 to 10 dB (for CP-OFDM) for the 5 MHz carrier C2 relative to the A-MPR that is allowed for the 20 MHz carrier.
It is true that A-MPR is the allowed additional maximum power reduction and the UE may take less.  However, it may have a large negative impact on the network scheduler if the gNB schedules for the allowed A-MPR when the actual A-MPR taken is much less. Additionally, if the bandwidth part is in a region with large A-MPR and it takes the full A-MPR, network coverage may be negatively affected.
The intention is not to define new A-MPR tables.  The intention is to consider conditions under which the A-MPR tables for smaller bandwidths (with lower A-MPR) can be applied for the bandwidth part which it contains.
For Qualcomm: The proposal here is for PC2, but the proposal can be considered more generally.

	LGE
	The proposal doesn't seem relevant to the FDD PC2 WI.




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 A-MPR requirements for 1Tx
	Tentative agreements: Adopting the average results from companies contributions as baseline, and further check the details in the WF.
Recommendations for 2nd round: Further discuss the draft WF on A-MPR for FDD PC2 HPUE.

	Sub-topic #2 A-MPR requirements for 2Tx
	Tentative agreements: 2 of the proposed options in round 1 received support from companies:
· Option 1: Wait for simulation/measurement data.
· Option 3: Add a delta value on top of the 1Tx A-MPR. The delta value can be derived from the difference between MPR for 2Tx and 1Tx.
Recommendations for 2nd round: Further discuss and try to down-select the options, and capture the agreement in the WF.

	Sub-topic #3 A-MPR for Bandwidth Parts
	Tentative agreements: 5 companies are not in favor of the proposal on A-MPR for Bandwidth Parts, with 1 company supporting the proposal. There is no agreement on the proposal, with strong concerns from companies.
Recommendations for 2nd round: No need for further discussion.




Discussion on 2nd round (if applicable)
Discussion on WF on A-MPR for FDD PC2 HPUE (Draft could be found in  ”Inbox / Drafts / [101-bis-e][115] NR_PC2_UE_FDD / Round 2” folder)
	Company
	Comments

	Apple
	Sub-topic #2: We prefer option 1 which should be based on measurements.

	Skyworks
	Thank you for sharing the WF on A-MPR for FDD PC2. 
Sub-topic #1: Measurements on a limited set of key RB allocations may be needed to verify corner cases.
Sub-topic #2: Option 1. Same view as Apple for the reasons explained in round 1. 2Tx emissions are very challenging to simulate, so measurements are essentials for A-MPR, but measurements are not trivial either and can not be as exhaustive as simulations.

	DOCOMO
	Thank you for creating the A-MPR table in the same format with Table 6.2.3.4-1 in TS 38.101-1.
We are OK with the following version of WF:
draft_R4-22xxx WF on A-MPR for FDD PC2 HPUE.DOC


	Huawei
	Sub-topic #1: We welcome more measurement/simulation data in the next meeting.
Sub-topic #2: We agree that measurement data is important for 2Tx. Given the importance of 2Tx for practical implementation, we also need to have a plan B in case measurement data cannot be obtained in time. Since the MPR for 2Tx is based on extensive measurement data, option 3 could serve as plan B.

	Qualcomm
	Sub-topic #1:  We are not yet ready to agree to the proposed A-MPR although it can be used as a starting point.  In our initial verification so far, we believe that CIM5 impact is greater for PC2 and may not be properly reflected in the NS_05 table.  An additional region may be needed.  A quick sketch is shown below, but this is preliminary and may need to be adjusted.
Perhaps the WF could be modified to add a bullet that one company believes an additional Region D needs to be added or something like that.
[image: ]




Topic #2: MSD requirements for NR FDD PC2 HPUE
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200908
	Apple
	Observation 1: For PC2 FDD bands, the UE implementation-based method for SAR compliance may always assume UL transmission is contiguous and P-MPR is applied whenever the Tx output power exceeds 23 dBm. As a result, HPUE cannot be practically realized.
Observation 2: For FDD bands with narrow duplex gap, further UL RB allocation restriction may be needed under HPUE operation to prevent REFSENS degradation which could render a countereffect on having HPUE to improve UL throughput near the cell edge as motivated by this study item.  
Observation 3: Half-duplex operation in FDD bands by nature is duty-cycled in transmission which has inherently resolved the SAR issue under HPUE scenario.
Observation 4: Half-duplex operation allows bypassing the high insertion loss duplexer and avoids REFSENS impact from transmit leakages which can save UL from RB allocation restriction for FDD bands with narrow duplex gap.
Observation 5: For half-duplex operation, full UL RB allocation can be transmitted in a short time burst to save more UL power consumption as compared to full duplex operation with longer UL transmission time due to RB number restriction to avoid REFSENS impact under high UL transmission power.
Proposal 1: Introduce an optional UE feature to support a hybrid duplex operation switchable between full and half-duplex modes for PC2 FDD bands.
Proposal 2: Send an LS to RAN1 and RAN2 to inquire the necessary joint working group requirements development to enable the hybrid duplex operation feature for PC2 FDD bands.

	R4-2201226
	Xiaomi
	Observation 1: option 1 is just a proposal on how the REFSENS requirement is rendered rather than how it is derived.
Observation 2: using ideal RB scaled REFSENS level as reference point is the traditional way to derive REFSENS requirements.
Observation 3: The way to define refersens for PC2 in absolute value may cause the specification become more complex.
Proposal 1: it is propose to use ideal RB scaled REFSENS level as reference point to derive REFSENS requirements for PC2 but use table 2 as the format to define PC2 REFSENS requirements.
Proposal 2: it is proposed the current UL configuration for PC3 is reused when deriving reference sensitivity requirements.

	R4-2200441
	Apple
	Observation 1: The maximum MSD increases with channel BW
Observation 2: The MSD in general creeps up with increasing UL RB number (LCRB) and locally peaks at full UL allocation.
Observation 3: For smaller UL LCRB, edge allocations closer to DL band have more MSD impact. In some cases, the MSD can be higher than with full UL allocation.
Observation 4: For n3 at 30MHz channel BW, the MSD can be up to 12 dB.
Observation 5: For n3 at 40MHz channel BW, the MSD can be up to 20 dB.
Observation 6: For n3 at 50MHz channel BW, the MSD can be up to 25 dB.
Observation 7: For n8 at 35MHz DL channel BW, even with UL channel BW restricted to 20 MHz, the MSD can still be up to 25 dB.
Observation 8: For Scenario 1, DL SINR and throughput are relatively high owing to close spacing of sites.
Observation 9: For Scenario 3, UL throughout is slightly lower than that of Scenario 1 and Scenario 2 as all users in Scenarios 3 are operating at 50% UL duty cycle while for Scenario 1 and Scenario 2, some users are operating at 100% UL duty cycle and some are operating at 50% UL duty cycle. 
Observation 10: Scenario 2 suffers from substantial DL throughput degradation due to the impact of self-interference from UL transmission at above 23 dBm.
Observation 11: Scenario 3 (half duplex) has reduced DL throughput as compared to Scenario 1 due to 50% DL duty cycle, but it ensures well-performed bi-directional link as compared to Scenario 2.
Observation 12: Nearly all UEs transmit at PCMAX of 26 dBm due to the high coupling loss as an outcome of high ISD at 1500 m.
Observation 13: UL throughput distributions are nearly identical among all three scenarios as they have similar SINR distributions, and nearly all of them are operating at 50% duty cycle (either full duplex with SAR mitigation or half duplex)
Observation 14: Scenario 2 suffers from very significant throughput degradation due to the impact of self-interference from UL transmission at 26 dBm.
Observation 15: Scenario 3 (half duplex) has reduced DL throughput as compared to Scenario 1 due to 50% DL duty cycle, but it ensures well-performed bi-directional link as compared to Scenario 2.   

	R4-2200964
	vivo
	Proposal 1: Considering DL throughput downgrade and UL transmission time restriction, half duplex operation for FDD HPUE is proposed as an optional feature.   
Proposal 2: Considering legacy FDD architecture already support it without extra RF components cost, half duplex scheduling for FDD HPUE is proposed when UE transmit power above 23dBm.
Proposal 3: The signaling of duty cycle is proposed to reported for the half duplex operation.

	R4- 2201070
	LG Electronics
	Observation 1: For the reference point to capture PC2 REFSENS level, we propose option 1 to follow the SI principle.
Proposal 1: Use PC2 delta MSD (PC2 sensitivity degradation level relative to PC3 REFSENS) with option1.
Proposal 2: Define sensitivity degradation for PC2 FDD UE in NR band n1 and n3 under 2Tx architecture as provided in Table 1.
Observation 2: PC2 delta MSD for 1Tx RF architecture can use study/input data in the SI phase(TR38.861[2]).
Proposal 3: Define sensitivity degradation for PC2 FDD UE under 1Tx architecture using study/input data from the SI phase (TR38.861[2]).

	R4- 2201835
	Huawei, HiSilicon
	Observation 1: The REFSENS defined in the spec are higher than ideal REFSENS based on Noise Figure only. And the REFSENS are band-dependent, with 3 dB difference between band n1 and n3 for CBW<=30MHz and >3dB difference for CBW > 30MHz.
Observation 2: The PC3 REFSENS defined in the spec have already included the effect of Tx leakage, including wideband noise as well as CIM5 for large CBWs.
Observation 3: The REFSENS and/or MSD for PC2 using dual PA architecture can be derived on the basis of PC3 REFSENS.
Proposal 1: Take into account the above observations when deciding the REFSENS/MSD requirements for PC2.

	R4-2201338
	ZTE Corporation
	Observation: Either option 1 and option 2 are ok to illustrate the PC2 FDDs bands REFSEN, the difference is how to implement it in the specification.
Proposal 1: For 2Tx RF architecture PC2 FDD band n1, it can be concluded that there are no additional REFSENS degradation comparing with 1Tx PC3 FDD band n1.
Proposal 2: For 1Tx RF architecture PC2 FDD band n1, it can be concluded that there are no additional REFSENS degradation comparing with 1Tx PC3 FDD band n1.
Proposal 3: By using PC3 REFSENS requirements as reference point, for 1Tx RF architecture PC2 FDD band n3, it is proposed to average all the values, i.e. 0.6dB, 1.4dB, 2.2dB and 2.7dB for 35/40/45/50MHz, respectively.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 MSD value determination
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1-1: 1Tx - MSD for n1 PC2
· Proposal: There are no additional REFSENS degradation comparing with 1Tx PC3 FDD band n1
· Recommended WF
· TBA

Issue 2-1-2: 2Tx - MSD for n1 PC2
· Proposal: There are no additional REFSENS degradation comparing with 1Tx PC3 FDD band n1.
· Recommended WF
· TBA

Issue 2-1-3: 1Tx - MSD for n3 PC2
· Proposals
· Option 1: Define sensitivity degradation for PC2 FDD UE under 1Tx architecture using study/input data from the SI phase (TR38.861). (Use PC3 REFSENS requirements as reference point)
	Operating
Band
	5
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	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
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	n3
	
	0.8dB
	
	0dB
	
	0dB
	0.6dB
	1.4dB
	2.2dB
	2.7dB



· Recommended WF
· TBA

Issue 2-1-4: 2Tx - MSD for n3 PC2
· Proposals
· Option 1:  (Use PC3 REFSENS requirements as reference point)
	PC2 delta MSD (PC2 sensitivity degradation level relative to PC3 REFSENS)

	Operating
Band
	5
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· Option 2:  (Use PC3 REFSENS requirements as reference point)
	Operating
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	MHz
	MHz
	MHz
	MHz
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	7dB


· Recommended WF
· TBA

Sub-topic 2-2 Implementing MSD in the specification
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-2: PC2 REFSENS/MSD requirements
· Proposal: 
· Option 1: Define PC2 REFSENS table in additional to PC3. MSD can be derived implicitly based on PC2 and PC3 REFSENS
· Option 2: Define MSD as the difference between PC2 and PC3 REFSENS for the same channel bandwidth. No PC2 REFSENS table is needed. (R4-2201226)
· Option 3: Define REFSENS table and MSD table. 
· Recommended WF
· Option 2.

Sub-topic 2-3 HD-FDD for NR FDD PC2
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-3: 
· Option 1: Introduce an optional UE feature to support half-duplex to reduce MSD.
· Option 2: Others
· Recommended WF
· TBA

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

	Skyworks
	Issue 2-1-1 and Issue 2-1-2: For band n1 1Tx or 2Tx, no additional desense is expected for PC2 FDD operation.
Issue 2-1-3: For band n3 1Tx PC2 MSD: we may need to consider aligning duplexer assumptions before agreeing to adopt the TR 38.861 MSD levels since some different Tx to Rx and Tx to antenna duplexer isolation assumptions have been presented at this meeting.
Issue 2-1-4: For band n3 2Tx PC2 MSD: We encountered some PA to PA coupling issues on the test bench that prevented from presenting measurement data at this meeting. Considering the complexity of reverse IMD evaluation, either by simulations or by measurements, we would like to suggest waiting for measurements data to confirm PC3+PC3 MSD levels. This data is expected for next meeting.

	MediaTek 
	Issue 2-1-1 and Issue 2-1-2:
We are okay with the proposals. No additional n1 RX desense under n1 TX PC2

	Apple
	Issue 2-1-1: 1Tx - MSD for n1 PC2
We would like to double-check to see if Rx impairments such as reciprocal mixing and mixer IP2 would cause any degradation due to increased Tx blocker power into both main and diversity Rx paths.
Issue 2-1-2: 2Tx - MSD for n1 PC2
We can tentatively accept the proposal.
Issue 2-1-3: 1Tx - MSD for n3 PC2
We would like to double-check the numbers. It is not clear why there is degradation for 10MHz channel BW, but not for 20MHz and 30MHz.
Issue 2-1-4: 2Tx - MSD for n3 PC2
We agree with Huawei’s approach in R4-2201835 on deriving the 2Tx MSD. However, due to the finite reverse isolation between the two 23dBm PAs, more nonlinear noise could be introduced as compared to single PC3 PA noise leaking into Rx band. Therefore, we cannot simply base on the PC3 REFSENS values to derive the Tx noise into Rx band. We may rely on further measurement data with same or different antenna isolation assumption for TxD MPR evaluation to measure or simulate the Tx noise into Rx band before we can conclude the MSD requirements for n3 with 2Tx.     

	LGE
	Issue 2-1-1: For MSD of 1Tx PC2 FDD in n1, RAN4 already agreed the 0.8dB MSD for 10MHz CBW in Table 6.1-1 in TR38.861. So it shall be considered as baseline. Other CBW shall be studied and determined in Rel-17.
Issue 2-1-2:  For MSD of 2Tx PC2 FDD in n1, REFSENS of n1 PC2 is not expected to degrade compared to n1 PC3.
Issue 2-1-3 (1Tx - MSD for n3 PC2): Support option 1.
Issue 2-1-4 (2Tx - MSD for n3 PC2): Support option 1. We can wait to other companies’ results.


 
	Xiaomi
	Option 2. The first reason is that option 2 compared to option 1 is simple since no SCS is considered. the other reason is that all the  current exception requirement are based on REFSENS table, if a new PC2 REFSENS table is defined, there will be two REFSENS table (one for PC3, one for PC2), which may cause the need of additional note to differentiate which  REDSENS table is referenced. If “MSD” is not appropriate, DeltaPC2_REFSENS or other term are both ok for us.

	Huawei
	Issue 2-1-1 and Issue 2-1-2: Agree with moderator’s proposal.
Issue 2-1-3: Generally ok with option 1. The missing MSD values for some BWs need to be filled and the MSD values across all BWs need to be harmonized.
Issue 2-1-4: In our paper R4-2201835, we derived the 2Tx MSD assuming a hypothetical UE that just meet the 1Tx PC3 REFSENS requirement. With 2Tx, the PA wideband noise level and CIM5 level will be the same on both the primary branch and the diversity branch. Such estimations could be viewed as (almost) the worst case. In the table below, we also provide the estimation for BW < 35MHz.
	Operating
Band
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	MHz
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	MHz
	MHz
	MHz

	n3 
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	ZTE
	Issue 2-1-1 and Issue 2-1-2:  Agree with the proposal.
Issue 2-1-3: 1Tx - MSD for n3 PC2 : Agree to re-use the value in TR38.861. 
        For the issues raised by Apple, it seems it was a mistake to put 0dB for 20MHz and 30MHz, since the values for 20MHz and 30MHz may not complete in TR38.861. 
Issue 2-1-4:  It is propose to average the values.




Sub topic 2-2 
	Company
	Comments

	Skyworks
	We have concerns with using the term “REFSENS” to refer to values that are not absolute sensitivity levels expressed in dBm. In our view, we have 2 choices: 
· we either agree to specify a PC2 REFSENS level expressed in [dBm] for each CBW and captured in a dedicated table; or,
· we specify, in a dedicated table, an MSD level expressed in [dB] for each CBW.
If we opt for specifying an MSD, it does not matter which reference level is used: MSD can be referred to the agreed PC3 REFSENS levels or it can be referred to the ideal RB scaled REFSENS levels as long as the reference level is clearly specified. We prefer defining an MSD referred to PC3 REFSENS levels for sake of consistency with TR 38.861. In that case, may be the term “MSD” is not the best term since MSDs are usually calculated referenced to the ideal RB scaled levels. Perhaps we could adopt the term “additional REFSENS degradation” as discussed in R4-2201338?
The PC2 FDD UL RB configuration used for REFSENS verification should be the values specified in Table 7.3.2-3.

	China Unicom
	We are okay with option 2.

	Huawei
	Defining MSDs probably requires less work since MSDs are for exceptions. Agree with Skyworks that the reference point should be explicitly defined. Also prefer to follow the MSD convention in the existing specs in order to maintain consistency. However, not sure whether such reference point has been defined in TS38.101?
Regarding the ideal RB scaled sensitivity level, is it based on thermal noise only or include Tx leakage? As per the calculation in our paper, the current PC3 REFSENS for band n1 and n3 in TS38.101-1 are higher than the sensitivity based on NF=9 dB only, and between band n1 and n3 there’s 3 dB difference for the REFSENS even for BW=5/10MHz. As per TR 38.861, this difference seems to be caused by PA wideband noise.
If the ideal RB scaled sensitivity level already includes the effect of PC3 PA wideband noise, there’s the risk of double counting the PA wideband noise when deriving REFSENS for PC2.


	Apple
	Issue 2-2: PC2 REFSENS/MSD requirements
We are okay with either Option 1 or Option 2, but with slight preference on Option 1 as REFSENS is the power level used directly in the verifications.

	ZTE
	Issue 2-2: PC2 REFSENS/MSD requirements
In our understanding, either option 1 and option 2 are ok to illustrate the PC2 FDDs bands REFSEN, the only difference is how to implement it in the specification.
The purpose for the two options are to unify the estimated values from different companies, since larger different values would be seen in the first glance which might cause misunderstandings but actually different criteria are used. 
It shall be noted that option 2 approach (MSD) was used TR38.861. 
Also we agree with SKW that if MSD is not a perfect way, then adopting the term of “additional REFSENS degradation” would be an alternative.

	LGE
	We support option 2 with dedicated MSD table.


 
Sub topic 2-3 
	Company
	Comments

	China Unicom
	Thanks Apple for the contribution. From the UE output power distribution figure, it seems that there are around 75% and more than 95% of UE transmitting at full power for ISD 500m and 1500m, which is not a realistic representation for the real network deployments. And it is a bit unclear why the DL throughput for Table 2.2-2 maintains at 3Mbps for 5 percentile till 50 percentile, similar for next table (for 5% till 90%) for scenario 2.
As discussed in the last meeting, A normal FDD UE is fully capable of being scheduled in HD-FDD manner. For such UEs, HD-FDD is not an extra capability. If MSD value for certain bandwidth configuration under certain FDD band is extremely large, and some actions need to be done, then the non-simultaneous UL and DL transmission can be achieved by gNB scheduling. This is more flexible than fixing the UL/DL symbols by UE capability signaling.
Another option to mitigate large MSD (if the value is considered really large) is to allow the UE to reduce certain amount of Tx power for bandwidth configurations in bands where the MSD is very large. Proposed UE feature to mitigate large MSD “Support of reducing UE Tx power for certain bandwidth in specific bands, where the MSD is larger than or equal to [FFS]dB under power class 2 operation.” in the feature list.

	Vivo
	Option 1, we agree with that FDD UE is fully capable of being scheduled in HD-FDD manner. An optional capability signaling to indicate HD-FDD in high power is needed to align network and UE.

	CHTTL
	Option 2. 
Thanks Apple for the contribution.  However, we have some questions and concerns on the proposal of the hybrid duplex operation.
We also share the same view as China Unicom that a normal FDD UE is fully capable of being scheduled in HD-FDD manner, so we are confused on the benefits mentioned in the paper, for example, the SAR issue is not solved by the half-duplex operation but the duty cycle actually. And for the observation 5 regarding the capable of full RB allocation in the half-duplex operation, full RB allocation can also run in a normal FDD UE in the real network, and the impact on REFSENS can also be avoided by the scheduling.
And one question on the proposed UE front-end architecture, we are wondering why additional Tx bandpass filter on the left side is needed? It seems like the half duplex operation can also run in the duplexer?

	MediaTek
	We share same view as Vivo. 

	Huawei
	We struggle to understand the benefit of introducing such reduced capability for a FDD capable UE. As several companies have pointed out, the network can schedule non-simultaneous Tx/Rx for FDD UEs already without the reduced capability of HD-FDD.

	Qualcomm
	Option 2.  We don’t see the value to introduce a feature for half duplex to reduce MSD.  We think that a static configuration of half duplex would have many disadvantages while a hybrid approach to half duplex may require non-trivial changes in RAN1 as well.  Also, one of the alleged advantages of half duplex is to remove the duplex and recover its insertion loss but since the duplexer is needed for full duplex operation, then an additional switch would be needed to bypass it in half duplex operation and the switch would then incur its own insertion loss.  Finally, if the duplexer is bypassed, then it’s not clear that UE coexistence (-50 dBm/MHz) could be met with the min Tx-Rx separation between UL and DL.

	Apple
	Issue 2-3:
Option 1: Introduce an optional UE feature to support half-duplex to reduce MSD.
More precisely, it is an optional feature which supports a hybrid duplex operation switchable between full and half-duplex modes as proposed in R4-2200908. The switching point may depend on UL power level and RB allocations. Under half-duplex operation, there would be no MSD.
We would also like to thank companies for the valuable comments:
1. For China Unicom’s comment on our system simulation results. As this was based on our preliminary system level simulations, we can double-check on whether the UL power distribution is reasonable or not and the throughput performance as well. One thing to be noticed is that in our simulation, we assumed 100MHz CBW for both UL and DL. Therefore, it requires higher power to achieve the same PSD as compared to typical narrower channel BWs.
2. To China Unicom, CHTTL, and Huawei, we do agree that the existing duplexer implementation can already support half-duplex or non-simultaneous Rx/Tx operation simply based on network scheduling. This is not much different from other capabilities such as for simultaneous Rx/Tx or non-simultaneous Rx/Tx for CA or DC where the operations can simply base on scheduling with the existing hardware. However, if necessary, UE may add additional filter to enable the simultaneous Rx/Tx operation. For FDD bands, the capability signalling not only informs network that UE may be subject to REFSENS impact under HPUE operation, UE may also take the advantage of non-simultaneous Rx/Tx operation to allow implementation to bypass duplexer to reduce UL insertion loss and utilize full UL allocation for transmission under HPUE. The signalling may also include a power threshold (or PHR threshold) indication as a reference to the network so that network can schedule FD or HD based on the threshold values. However, we also understand that the power threshold would depend on channel BW, UL allocation and DL allocation. Therefore, network should still have the full flexibility in scheduling. On the other hand, a dynamic signalling from network to UE during mode switching would benefit UE with duplexer bypassing implementation.
3. To China Unicom, the feature to allow UE to reduce output power to mitigate the MSD issue would contradict the spirit of HPUE. The UE UL power is determined by the open-loop and close-loop power control between UE and network. Reducing UL power to salvage the MSD issue outside of the power control loop could potentially break the link.
4. To Qualcomm, we do realize that to bypass duplexer, we would need a switch at the PA output. But having switches at PA output is quite common in UE implementation as one PA may support multiple bands and SRS antenna switching. To our understanding, adding one more throw on the existing multiple throw switch would not increase IL by much, especially for lower frequency bands.
4. To CHTTL, the bandpass filter on the bypass path may or may not be needed. It depends on whether the UE would be able to fulfil the -50dBm/MHz coexistence requirement as pointed out by Qualcomm. Some UE claimed UL sawless design may not need the bandpass filter.
5. To CHTTL on the SAR issue, the current full-duplex operation does not have the provision on duty-cycled UL. While for half-duplex, it is similar to TDD band operation where duty-cycled concept is naturally available.
Since our proposed capability is an optional feature, companies who do not see the benefit of non-simultaneous Rx/Tx operation for FDD bands can always choose not to signal such capability. Similar to other features such as UL switching which may not be supported by all UEs, 3GPP still defined the capability, and the feature probably would require more delicate scheduling by the network. 

	ZTE
	We share the same view with China Unicom, CHTTL and Qualcomm.

	LGE
	The HD-FDD is not considered in SI phase and WID since the system level simulations are beneficial with PC2 FDD full duplexer operation. Based on the analysis result, RAN4 studied and discussed the PC2 FDD operation. So it is out-of scope for PC2 FDD WI in Rel-17. In Rel-18, RAN4 can further discuss whether to allow the HD-FDD operation.

	China Unicom
	Additional clarifications on reducing power to mitigate large MSDs:
Reducing UE Tx power is also used in EN-DC, inter-band CA, and TDD HPUEs when the percentage of uplink symbols transmitted exceeds the reported duty cycle capability. The proposed method to overcome exceedingly large MSD value shares similar concept, that the network allows the UE to reduce Tx power, and UE could decide if such power fallback is needed.


 

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 MSD values
	Tentative agreements: 
1Tx - MSD for n1 PC2: There are no additional REFSENS degradation comparing with 1Tx PC3 FDD band n1.
2Tx - MSD for n1 PC2: There are no additional REFSENS degradation comparing with 1Tx PC3 FDD band n1.
1Tx - MSD for n3 PC2: Taking the average results from TR38.861 (table below) as reference, and complete the “TBD” values in 2nd round and next meeting to conclude.
	Operating
Band
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	n3
	TBD
	0.8dB
	TBD
	TBD
	TBD
	TBD
	0.6dB
	1.4dB
	2.2dB
	2.7dB



2Tx - MSD for n3 PC2: Taking the average results from this meeting (table below) as reference, and wait for some more inputs in next meeting to conclude.
	Operating
Band
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	n3
	3.5 dB
	3.5 dB
	3.5 dB
	3.5 dB
	3.5 dB
	3.5 dB
	4.2dB
	5dB
	5.1dB
	6dB



Recommendations for 2nd round: Discuss and try to converge on 1Tx and 2Tx MSD for n3.

	Sub-topic#2 Implementation of MSD in the spec
	Tentative agreements: The meaning of MSD refers to “additional REFSENS degradation”. MSD table will be implemented in the specification to record the REFSENS degradation from PC3 to PC2.
Recommendations for 2nd round: None

	Sub-topic#3
Investigation on reducing MSD
	Tentative agreements: No consensus on introducing HD-FDD capability. And the method of reducing Tx power for certain large MSD configurations was discussed.
Recommendations for 2nd round:
- Companies may check whether it is agreeable to realize HD-FDD to reduce MSD by gNB scheduling.
- Companies may check whether it is agreeable to allow UE power class fallback to reduce MSD for large MSD band/bandwidth configurations.




Discussion on 2nd round (if applicable)
Discussion on WF on MSD requirements for FDD PC2 HPUE (Draft could be found in  ”Inbox / Drafts / [101-bis-e][115] NR_PC2_UE_FDD / Round 2” folder)
	Company
	Comments

	Apple
	Thanks to China Unicom for preparing the WF. We are in general fine with the way forwards for the three sub-topics and would like to add a few comments from our side.
Sub-topic #1
For n1, there could be no MSD (or very small MSD) under PC2 owing to the wide duplex distance and UL RB restriction for wider channel BWs. However, we will take another look for 1Tx case to see if the 3dB higher Tx blocking level would cause any REFSENS degradation due to Rx LO reciprocal mixing and mixer IP2.
For n3, we provided the 1Tx MSD data in this meeting (R4-2200441) with an MSD 2D plot versus UL allocations for 30MHz/40MHz/50MHz CBWs. We can share our consolidated data in next meeting. For 2Tx MSD, we will also share our evaluation results in next meeting. One observation to be highlighted for 2Tx is:
Observation: Due to RIMD between the 2 PC3 PAs, the self-interference from Tx on both main and diversity paths is expected to be worse than the PC3 main path. As a result, the MSD could be worse than the baseline numbers in the WF.
Sub-topic #2
We have no concern on defining the MSD relative to PC3 REFSENS with the same bandwidth under the same UL allocations in a separate table. One observation to be highlighted is:
Observation: For n3 under PC3 Pcmax, there is already MSD relative to REFSENS without UL interference.
Sub-topic #3
MSD has been a well-known issue for CA and DC combinations. However, in RAN4 it was rarely considered as a concern for FDD bands alone. Part of the reason is that for certain FDD bands with narrow duplex distance, UL allocation has been restricted to minimize the self-interference from UL transmission. Nevertheless, based on our evaluations in R4-2200441, for n3 it is observed that the MSD could be up to 25 dB which is quite substantial.
To mitigate the MSD issue for CA and DC combinations, RAN4 has been defining capability signaling for,
· Simultaneous/non-simultaneous Rx/Tx
· Single switched UL in EN-DC
Therefore, for the same reason, to mitigate the MSD issue in HPUE FDD bands, we have been advocating half-duplex/full-duplex hybrid operation mode. Having this optional capability available, UE is allowed to bypass duplexer when in half-duplex mode, which not only help reduce the insertion loss for Tx, but also avoid the thermal stress to duplexer due to high power transmission which could cause duplexer long-term damage and result in performance degradation. On the other hand, the UE implementation cost for bypassing duplexer should still be lower than 2Tx architecture with dual duplexers. 
With regard to the method proposed by China Unicom for power reduction to mitigate MSD concern (similar concept to P-MPR for SAR mitigation), we are also open for further discussions and consideration.
Since MSD is a real issue for HPUE FDD bands, we would like to encourage companies to consider both methods in this WF as optional capability for UE. The Rel-17 feature list will be closed soon. It would be a pity if we miss the opportunity to introduce these capability features in this WI. In our view, it would be difficult to come back with these capability features in Rel-18 if the HPUE for FDD bands turns into the basket WID.
Lastly, since there would not be any new RF requirements associated with these two optional capabilities, introducing them should not impact the Rel-17 WID schedule.    

	Skyworks
	Thank you for sharing this WF.
Sub-topic #1.  Based on round 1 comments, it may be useful this WF captures the duplexer isolation assumptions. We propose to evaluate n3 MSD assuming [50]dB Tx port to Rx port isolation, and [45]dB Tx port to antenna isolation.
For 2Tx MSD, measurements are essential since it is challenging to simulate the contribution of both forward and reverse IMD at large distance from the modulated carrier.
Sub-topic #2.  We would prefer using another terminology than MSD to refer to the PC2 REFSENS level degradation relative to the PC3 REFSENS level. 
RSD is an acronym that matches the table 7.3.2-1a-1 header “Reference Sensitivity Degradation”. Would “RSD” be acceptable? The concern with MSD is that this term is not used to define a REFSENS level degradation relative to another power class REFSENS level. So, it might be good to have a new acronym that captures the way we intend to capture the PC2 FDD REFSENS specifications.

	MediaTek 
	Sub-topic #1
Regarding duplexer isolation assumptions, we share same view as SKWS. 

Sub-toptic#2
Regarding “The concern with MSD is that this term is not used to define a REFSENS level degradation relative to another power class REFSENS level”, concept of “RSD” could be one way for clarity. And maybe other new acronym is also helpful for clarity if any.

Sub-topic #3
FDD bands UL resource is really quite limited compared to TDD bands UL. To dramatically restrict FDD UL utilization needs more discussion. Spirits of HPUE-PC2 for FDD bands include UL throughput and coverage enhancement. 
We think support of hybrid duplex operation for HPUE FDD bands as optional capability can provide maximizing HPUE ability and fully utilize NR FDD bands CBW. 



	LGE
	Sub-topic#1 MSD values

For 1Tx - MSD for n3 PC2, We agree with Moderator’s recommendation. Complete the "TBD" values in the next meeting.
For 2Tx - MSD for n3 PC2, We can wait for interested companies’ results in the next meeting.

Sub-topic #3
There seems to be no consensus on the HD-FDD Feature. In Rel-18, RAN4 can further discuss whether to allow the HD-FDD operation.

	ZTE
	Sub-topic#1 MSD values
We agree with the n1 conclusion.
For 1Tx band n3, we agree with LGE and moderator’s recommendation. TBD should be completed in the next meeting.
For 2Tx band n3, in terms of the comments by SKW, measurements would be needed.

Sub-toptic#2
For the terminology, how about ASD-- Additional Sensitivity Degradation. Like MSD:
MSD Maximum Sensitivity Degradation


	Huawei
	Sub-topic #2
Regarding the terminology, I wonder if RAN4 has ever given a clear definition for MSD as well as what the reference level is. It was mentioned that the reference is “ideal RB scaled REFSENS”. Again, this “ideal REFSENS” is also vague. Does it include the effect of NF only or include other imperfections? Is it independent of RF bands or not?

	Qualcomm
	Sub-topic #1
For Band n3, out investigation indicates that 35 MHz and 40 MHz channels for 1Tx require a bit more MSD.  We suggest 1 dB for 35 MHz and 1.6 dB for 40 MHz.





Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on A-MPR for FDD PC2 HPUE
	Apple
	

	WF on MSD requirements for FDD PC2 HPUE 
	China Unicom
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2200444
	HPUE A-MPR Proposal for NS_05
	Apple Inc.
	Noted
	

	R4-2200445
	HPUE A-MPR Proposal for NS_48
	Apple Inc.
	Noted
	

	R4-2200446
	HPUE A-MPR Proposal for NS_49
	Apple Inc.
	Noted
	

	R4-2200447
	HPUE A-MPR Proposal for NS_100
	Apple Inc.
	Noted
	

	R4- 2201834
	On A-MPR requirements for PC2 FDD bands
	Huawei, HiSilicon
	Noted
	

	R4-2202008
	A-MPR for Bandwidth Parts
	Lenovo, Motorola Mobility
	Noted
	

	R4-2200908
	Hybrid duplex operation for PC2 FDD bands
	Apple
	Noted
	

	R4-2201226
	Discussion on HP UE for FDD bands
	Xiaomi
	Noted
	

	R4-2200441
	NR FDD HPUE MSD and system performance analyses
	Apple
	Noted
	

	R4-2200964
	Further discussion on half duplex operation under HPUE
	vivo
	Noted
	

	R4- 2201070
	MSD analysis for PC2 FDD UE
	LG Electronics
	Noted
	

	R4- 2201835
	On MSD requirements for PC2 FDD bands
	Huawei, HiSilicon
	Noted
	

	R4-2201338
	Discussion on HPUE FDD MSD
	ZTE Corporation
	Noted
	



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

[bookmark: _GoBack]2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2202292
	WF on A-MPR for FDD PC2 HPUE
	Apple
	Agreeable
	

	R4-2202293
	WF on MSD requirements for FDD PC2 HPUE
	China Unicom
	Agreeable
	



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
Annex 
Contact information
	Company
	Name
	Email address

	Qualcomm
	Gene Fong
	gfong@qti.qualcomm.com

	Skyworks Solutions Inc.
	Laurent Noel
	laurent.noel@skyworksinc.com

	LG Electronics
	Jaehyuk Jang
	jh1.jang@lge.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)
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