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Introduction
These meeting minutes document ad-hoc meetings held to discuss FR1 UE RF topics on November 19th from 08:00 – 11:30 and November 21st from 10:30 – 11:00 during RAN4 #93.  
Agenda
· EN-DC power class (7.5.4.1)
· Transient period capability signaling (9.13.1.7)
Discussion Topics
EN-DC power class
	R4-1913222
	TX diversity situation
	Qualcomm Incorporated
	Proposal 1: Follow guidance from WF [11] and not discuss any specification impact tx diversity or in other words 2x23 dBm implementation for PC2. 
Proposal 2: Tx diversity and its impact to specification and capabilities is addressed in Rel-16

	Comments:
Oppo:  Need to distinguish TxDiv vs 23+23 implementation.  Can declare PC2 in UL MIMO but PC3 in single antenna port.  23+23 implementation needs to be accounted for in RAN4 spec.
Sprint: Support this paper.  UE can declare PC2 for band or band combination, but not for UL MIMO according to RAN2 signaling.
Ericsson:  Agree with Proposal 1.  However, there are some changes needed for UL MIMO to clarify 23+23 vs. 26+23.  Agree with Sprint that not possible for capability signalling to distinguish PC between UL MIMO and single antenna port.  But for conformance, can be distinguished by declaration rather than signalling.
Chair:  Common understanding that there is no signalling capability to distinguish PC between UL MIMO and single antenna port.  Not in Rel-15 and also not in Rel-16 at the moment.
Sprint:  Agree with Ericsson that RAN5 does not need to depend on that signalling.
Huawei:  Disagree that TxDiv can only be addressed in Rel-16.
Vivo: We don’t need TxDiv to declare PC2.  There is a CR from Ericsson to address this.
Qualcomm:  Do companies want some specs for TxDiv, but not all?  We want complete specs.

	R4-1913223
	UL MIMO correction on reference planes
	Qualcomm Incorporated
	Proposal: UL MIMO requirements for output power and emissions will be defined in the same reference plane

	Comments:
Chair:  Can this be covered by Ericsson’s CR?
Qualcomm:  Not currently addressed in Ericsson’s CR.  Different view of RAN1 interpretation of configured for UL MIMO vs. supporting UL MIMO.
Ericsson:  Agree with removing the sentence.  Configuration of UL MIMO should be clear from 6.2D.1.  We did miss a few in Ericsson CR.  Will capture this content and merge into our CR.



	R4-1913224
	CR on UL MIMO correction of reference planes (Cat.F)
	Qualcomm Incorporated
	

	Comments:
Noted


	R4-1913226
	UL MIMO TX EVM test condition changes
	Qualcomm Incorporated
	We discussed the unnecessarily stringent requirement set by the test condition for TX EVM for UL MIMO and presented a way to change the requirements to solve the problem.

	Comments:
Ericsson:  We propose to keep the current spec, tested per connector.  EVM is nonlinear, whereas inverse matrix cancellation is linear.  BS cannot cancel the crosstalk.
Huawei:  Does this change imply that the test is per connector sequentially, or tested on both simultaneously?
Anritsu:  Agree with this proposal.  The wording “may alternatively” is ambiguous.
MediaTek:  This is a valid concern, but how to test needs further discussion.
Qualcomm:  Not proposing that BS cancels the EVM, but the crosstalk between layers needs to be able to be cancelled or else it could not separate the layers into separate streams.  UE can do this on the DL.  Testing per connector sequentially is how it is done now (R&S nodding in confirmation).  The “may alternatively” means we are providing an alternative way to solve the problem.  For MTK, do you have a proposal since this has already been discussed for several meetings?
Skyworks:  Since the test is conducted, you don’t get the antenna coupling.  So it does not address problems related to reverse coupling via the antenna, etc.
Anritsu:  We have a concern whether two test cases need to be created with this “alternatively” in RAN5.  Or is one enough?  If one is enough, we suggest a wording change.
Ericsson:  Still want to ensure the UE meets EVM on both ports.  
Huawei:  Two kinds of interference in this paper:  PCB and antenna.  How does the BS cancel the PCB isolation interference?
MediaTek:  Whether it is PCB or antenna or free-space coupling, it’s all part of the channel.  Not differentiated by the receiver.  Option1 for testing is preferred if the tester can support it.
Qualcomm:  Without solving this problem, there is implication to implementation.  It is not a PCB isolation, but a coupling from one layer to another.  
Ericsson:  The sticking point is the assumption that the basestation and tester can cancel this with linear operation.  
Qualcomm:  The BS needs to be able to demodulate in a high correlation environment.  Is there a requirement for this?  If not, there should be.  Maybe MIMO demod is new for the basestation receiver.


	R4-1913227
	CR to 38.101-1: TX EVM for UL MIMO condition change
	Qualcomm Incorporated
	

	Comments:


	R4-1913228
	CR to 38.101-1: TX EVM for UL MIMO condition change (Cat.A)
	Qualcomm Incorporated
	

	Comments:


	R4-1913473
	CR to 38.101-1 (Rel-15) Transmit power for UL-MIMO
	Intel Corporation
	

	Comments:


	R4-1913474
	CR to 38.101-1 (Rel-16) Transmit power for UL-MIMO
	Intel Corporation
	

	Comments:


	R4-1913551
	Discussion on clarification of Tx diversity in R15
	vivo
	Proposal 1: propose to discuss above 3 options regarding emissions requirements for Transparent TxD of 2Tx in R15. Find the common understanding in RAN4.
Proposal 2: Base on above common understanding, make necessary changes/clarifications in RAN4 specs, inform relevant groups e.g. RAN5.

	Comments:
Skyworks:  The only way is to sum the two signals.
Oppo:  Option1 or option 2 is ok and agree with proposal 2.
Softbank:  Support option 1
Qualcomm:  This only addresses the power class issue.  Emission requirements come from regulatory, not RAN4.  Regulators already have requirements on how to test this.
Nokia:  For option 2, is this also the same for NR SA, CA, and EN-DC?
Vivo:  This is for SA mode, for EN-DC we have a different proposal.  Do not a clear view on regulatory aspects brought up by Qualcomm, but there may be differing views.
Huawei:  Option 2 is reasonable for Rel-15.  For Rel-15 can consider output power as the sum, but the other requirements are based on UL MIMO and there are already commercial products available in the market that will be impacted.  We can consider how to make changes in Rel-16.
Nokia:  How about requirements for existing product.  Are they all covered by UL MIMO?  If not, on what are they based?
Skyworks:  Summing results in a more stringent SEM requirement, but we have more MPR for PC2.  There is no evidence that current UE’s designed against UL MIMO requirements wouldn’t pass a requirement based on summing.
Oppo:  This is Rel-15 discussion?
Chair:  yes, Rel-15
Ericsson:  Support option 3.  Not ok with option 1 or 2 either.
Vivo:  Our preference is also option 3


	R4-1913552
	further discussion on ENDC power class in R15
	vivo
	Proposal 1: Clarify UE behaviour for EN-DC mode when UE with 2 23dBm PAs declare PC2 in NR SA operation by “Alt 1: handled by RAN4 only, inform RAN2”.

	Comments:
Sprint:  Not clear what RAN2 would do since they won’t change the signalling.  RAN5 might do something for testing, but not sure what is the purpose of informing RAN2.
Oppo:  Obs1 is already covered by Ericsson’s CR.
Qualcomm:  Not changing anything in the spec, but we are doing some change for TxDiv.  So why are we doing some changes but not all of them.  What would RAN2 care about number of PA’s?
Huawei:  Two 23 dBm implementation is supported in Rel-15, no matter UL MIMO or TxDiv.  For SA it declares PC2 and also for EN-DC.  The ambiguity is when configured for EN-DC, whether it is PC2 or PC3.  Most common implementation is PC3 in EN-DC.  The best solution is to introduce new signalling, but since it’s too late, then at least some clarification in RAN2 is needed.
Nokia:  We also don’t understand the need to send LS to RAN2.  There is nothing broken in Rel-15 signaling.  We also need to respect Rel-15 functional and signalling backwards compatibility.
Qualcomm:  Don’t believe that the implementation of PC3 in EN-DC is common.  We have implementations w/o this problem.  TS are requirements, not a description of what the UE can or cannot support.
Ericsson:  Spec is not broken in the sense that something will not work, but there is ambiguity.  We already agreed we will not ask RAN2 signaling change in Rel-15.  There will be ambiguity in the network, but PHR in NR CG of EN-DC can give some insight if it follows 23 dBm max power.  We have to live with this ambiguity in Rel-15.  Don’t think LS to RAN2 is necessary.  But could be beneficial to RAN5.
Vivo:  Agree not to send anything to RAN2, but maybe to RAN5.  The clarification proposed in our CR is necessary.  Even if 23+23 is not a common implementation, we would like to enable in Rel-15.


	R4-1913553
	WF on Rel-15 EN-DC power class
	vivo
	

	Comments:


	R4-1913554
	Draft LS on clarification of ENDC power class in R15
	vivo
	

	Comments:


	R4-1913555
	CR to 38.101-3: clarification of ENDC power class in R15
	vivo
	

	Comments:
Vivo:  Need a revision to improve the text, the but main idea remains
Skyworks:  Which behavior is expected in different modes is ok, but should not point to the implementation itself
Sprint:  Will not support TxDiv in Rel-15, but this CR acknowledges transparent TxDiv.  Seems contradictory.
Qualcomm:  This only addresses the power class issue, which still doesn’t enable transparent TxDiv.  What about a UE with 26+23 but does not support UL MIMO?  This UE would be mandated to fall back to PC3 even though it can support PC2.  Such UE’s also exist and would be negatively impacted by this clarification.
Vivo:  Will address these concerns in the revision.
Oppo:  Changes should be in max output power section.  Current text talks about implementation 23+23, but mention of implementation should not be in the spec.


	R4-1914135
	PC2 by UL-MIMO or transparent TxD and relation to eMIMO full power transmission
	Ericsson
	“For power class 2, the UE shall meet the requirements 6.2.1 for either power class 2 or power class 3 when PUSCH is scheduled for single antenna-port transmission by DCI 0_0 or by DCI 0_1 when the UE is configured for single port operation.” Either 23 or 26, but can be declared for conformance testing.

	Comments:
Vivo:  Support this CR
Oppo:  Support this CR.  During the test, is it a single connector or two connectors in this single antenna port configuration?
Qualcomm:  Max power shall be reduced by 3 dB mandates UE to reduce the power.  Only mandated when SRS’s configured to two antenna ports.  Is single antenna port scheduled by DCI_0_1 possible?  Emissions per antenna port is a relaxation compared to regulatory.  Not ready to agree the CR in this form.
Huawei:  Clarification is acceptable.  The paragraph removed is only for test purpose, but not intended to limit UL MIMO.  This configuration is also needed for Rx requirements since those also need to define the uplink configuration.
Softbank:   Same concern as Qualcomm on emissions.
Ericsson:  3 dB reduction is using non-coherent MIMO with TPMI 0 and 1.  Two ports connected implies there are two SRS’s configured.  Therefore, you must scale according to 38.213.  DCI_0_1 behavior is also according to RAN1.  Regarding emissions, we should clarify if it is sum of antennas.  This can be corrected.
Qualcomm:  We would be ok with the CR our three points are addressed.
Huawei:  Emission requirements change would also require reconsideration of MPR.
Chair:  How does Huawei reconcile the regulatory condition that emissions are defined as a sum?
Huawei:  UL MIMO requirements have been defined for a long time.  For regions where regulatory requirements need a sum, then the UE does not enable UL MIMO.  But for other regions, it can be used.
Chair:  Which country does not require sum of antenna ports?
Huawei:  In Europe, the harmonized standard is just a copy of 3GPP which for UL MIMO is per antenna port.
Skyworks:  Which requirement is tested per antenna?  PC2 or PC3?
Qualcomm:  Europe follows ITU recommendations.  There is currently no requirement for UL MIMO in HS (need to check).
Huawei:  Spurious emissions for basestation in Europe is allowed to test per connector.
Nokia:  3GPP should be based on the strictest requirement across all regions to ensure that regulations are met worldwide.


	R4-1914136
	Correction of transmitter characteristics for UL-MIMO: powerclass 2 and fallback
	Ericsson
	

	Comments:


	R4-1914151
	About Tx diversity measurements
	OPPO
	Proposal 1: For UE with transparent Tx diversity (like 23+23 to achieve PC2), the basic requirements are applied.
Proposal 2: Use UL MIMO requirement measurement methods as baseline for Tx diversity.

	Comments:



	R4-1915357
	On EN-DC power class
	Huawei, HiSilicon
	

	Comments:




Transient period capability
	R4-1913932
	On-to-on transient period measurement in FR1
	Anritsu Corporation
	Proposal 1: Apply the new EVM FFT window only to the symbols in which the transient period exists, and apply the original EVM FFT window to other symbols.
Proposal 2: For CP-OFDM waveform, remove the corresponding symbol to calculate EVM in a case if the transient period exceeds the CP length in the symbol.
Proposal 3: Also for DFT-s-OFDM waveform, to simplify and align the condition of EVM measurement with CP-OFDM, remove the corresponding symbol to calculate EVM in a case if the transient period exceeds the CP length.

	Comments:
Huawei:  P1 is for transient < CP.  For P2 and P3, how is the transient period tested if symbol is removed?  Is it correct interpretation that transient period is not testable?
Skyworks:  We have a different proposal for P1 that doesn’t apply a new window.  We don’t exclude the symbol, but to relax the EVM.  This makes the default 10us testable.  We have exclusion period for many years in LTE and can apply here for DFT-S.
Ericsson:  Excluding the symbol in P2 and P3 is not ok.
R&S:  P1 is feasible way, but Skyworks approach is also ok.  P2 and P3 agree with Anritsu.
Qualcomm:  Even if we don’t accept P2 and P3, only 10us cannot be tested.  For P3, we have existence proof with LTE.
Anritsu:  What is the purpose of the transient period?  One possibility is to measure the influence of the transient within the EVM.  The other is to exclude the influence of the transient as much as possible.  Our proposal is based on LTE which excludes the influence of transient as much as possible.
Qualcomm:  Exclude the reported transient period and measure EVM on the rest.  Same as Anritsu was assuming.
Skyworks:  gNB will remove CP anyways but because of WOLA, cannot exclude the entire CP.  The objective is to exclude the reported transient period.
Huawei:  Using this approach, impact of transient is ignored on the first symbol
Skyworks:  UE performance is unknown during transient periods according to spec.


	R4-1915290
	Proposal for EVM measurement interval to include symbols with transient period
	Qualcomm Inc.
	In this paper, we propose a solution to measure the EVM to include the symbols with transient period for DFT and CP-OFDM waveforms.

	Comments:
Skyworks:  A new FFT start position, so might be more complex for TE vendors.  We have a min(L,H) proposal instead which is simpler.  We could also accept this one, but the side effect is that we could not test CP-OFDM with 10us but with Skyworks can test with relaxed EVM.
Anritsu:  We have sent multiple questions on reflector.  Please respond.  
Spreadtrum:  What does this mean “a capability between 2.35 to 7 usec of transient period capability, and is symmetrically shared across the symbol”?
Qualcomm:  This is just the window.  The actual transient need not be symmetric as long as it fits within this window.  Will address Anritsu’s questions offline or WF.


	R4-1915296
	Proposal for DFT-S-OFDM Transient Period Capability Requirements and testability
	Skyworks Solutions Inc.
	Symbol level EVM check

	Comments:
Needs revision to correct the graphs.  Need revision to correct a cut-and-paste typo.
Skyworks:  Without defining a new FFT window, the current test can apply.  Allows maximum reuse of existing test.
Chair:  Can QC accept this proposal?
Qualcomm:  Yes
Huawei:  Agree with symbol level is needed but need to check with TE vendors whether this is feasible.
Qualcomm:  DFT-S can be tested.  For CP, exclude the symbol or add tolerance.  The value can be tested by DFT-S.  The only value that cannot be tested by CP is 10us.
Skyworks:  Per symbol feasibility will be addressed in WF.
R&S:  Yes, it is feasible.


	R4-1915298
	 Proposal for CP-OFDM Transient Period Capability Requirements and testability
	Skyworks Solutions Inc.
	Symbol level EVM check

	Comments:



	R4-1915299
	Proposal on Transient Period Signaling Values
	Skyworks Solutions Inc.
	Derived based on 150% CP.  Proposed values for both FR1 and FR2.

	Comments:
Huawei:  The focus has been on FR1.  For FR2, the UE architecture is quite different so requires more discussion if companies intend to extend to FR2.



	R4-1915301
	Values for Transient period capability
	Qualcomm Inc.
	

	Comments:


	R4-1915303
	CR for transient period capability
	Qualcomm Inc. 
	

	Comments:


	R4-1915367
	On transient period UE capability
	Huawei, HiSilicon
	Proposal 1: RAN4 agrees to evaluate the transient period based on the worst case on power change range which could happen in the real network. 
Proposal 2: Companies shall make consensus on the worst case for power change range for NR FR1 before the discussion on testability and capability.

	Comments:
Skyworks:  Power steps for testing were discussed previously.  Agreed in WF to adopt RB change as the power change mechanism and using 20 MHz bandwidth.  We have a proposal on how to handle greater than CP for CP-OFDM.  EVM over 14 symbols is not sufficient and also covered in our paper with a proposal.
Qualcomm:  P0 is an RRC parameter that cannot be changed quickly enough.  Already agreed RB change as the mechanism to generate a power step.  We are not removing samples, we are only shifting the window.  Testing with DFT-S can indicate behaviour for CP-OFDM since it’s common hardware.  Averaging is over 10 sub-frames, but the power change is every 14 symbols.
Ericsson:  Same comment on power step as Skyworks and Qualcomm.  Agree that EVM over 14 symbols is not sufficient.  We don’t have a spec for transient that might not be symmetric.
Qualcomm:  The location of the transient doesn’t matter.  There is no assumption that it is strictly symmetric, only the region where it falls.
Anritsu:  Agree with Qualcomm and Skyworks on power change.
Huawei:  The power change is a real scenario.  This needs to be considered as it will have impact on transient period.  We need to check that the transient period is symmetric about symbol boundary.  10 sub-frame averaging cannot reflect the impact of transient period since it will be hidden by the averaging.  
Skyworks:  Symmetric vs. asymmetric.  The UE is requesting an allowance to place transient period within a time window.  If the declared capability is 6us, then the transient needs to be within this window.
Qualcomm:  Both beginning and end of symbol are tested, so cannot just place transient in one location and avoid the impact.
Skyworks:  Propose specific requirement for the symbols affected by the transient, both the beginning and end symbols.
Qualcomm:  If transient period is > threshold, then symbol is excluded from symbol.  Skyworks suggested either excluding the symbol or allowing a tolerance.  The only value not tested is 10us for CP-OFDM.  All others would be tested.
Skyworks:  Instead of new window, take the min between the two windows if the transient < 75% CP.  EVM will be degraded if transient extends into the late window.  Would need a relaxation of EVM value for that symbol.
Huawei:  Simulation results show that there is impact even if transient is less than CP.
Qualcomm:  If less than high side window, we aren’t removing any samples so don’t see there is any degradation.  We are only moving the window.
Skyworks:  If EVM is max(EVM_L, EVM_H), then the degradation will be captured.  That’s why we propose to that min (EVM_L, EVM_H) so at least one FFT measurement is transient free.  If you take EVM below 25% CP, then it will be corrupted by WOLA anyways.  Was Huawei simulation computing EVM as max (EVM_L, EVM_H)?
Huawei:  CP-OFDM is susceptible to removing samples
Chair:  The CP is fully redundant so no information is lost within the CP
Skyworks:  We think it’s important to test the default 10us also so that’s why we propose a tolerance.
Nokia:  Is there no way to verify CP-OFDM?  Is it impossible?
Huawei:  We are looking for a way to test CP-OFDM, but haven’t found it because even if transient period is less than CP, we see degradation of EVM.
Nokia:  Even relaxing EVM for the first symbol without a value, how can we conclude it is not possible?
Skyworks:  The reason EVM is degraded even for transient < CP is because EVM is computed max(EVM_L, EVM_H).  This problem would be resolved according to our proposal.
Qualcomm:  We have other methods that can measure CP-OFDM, but not the one that Huawei has evaluated.





Second round ad-hoc discussion (November 21, 10:30 – 11:00)
Discussion of WF circulated on the reflector
Chair:  Proponents need to confirm co-signers
Huawei:
#1:  Not tested means not testable?
	Skyworks:  Not saying it is not testable because we had a proposal, but this is the compromise.  10us default CP-OFDM is the only problematic one.
#2:  Is min a relaxation to the requirement?
Skyworks:  EVM today has EVM_L and EVM_H for every symbol and maximized per symbol.  This is not changed.  During the transient symbol, max will be corrupted by transient so min for this symbol is needed.	
#?:  How to guarantee transient is equally distributed?
Skyworks:  Transient window is distributed, and transient can occur anywhere within this window.
#5:  How do you propose to test per symbol with 14 symbol average?  What is the justification for the EVM values for 64QAM and 256QAM?
Skyworks:  TE already provides EVM per symbol.  EVM proposal was based on roughly 2 dB SNR degradation, 
#6:  1us cannot be tested since samples removed from FFT window for WOLA will hide such a short transient.  What SCS should be tested?
Qualcomm:  Location of window is not changing because still using EVM_L and EVM_H according to Skyworks proposal.  1us can be tested by higher SCS where 1us will fall between L and H.  15 kHz SCS was chosen for testing since it has longest CP to allow to test the largest range of values.
Nokia:  This is a result of compromise, but that does not mean it is not testable.  Concerned that there are other features that would rely on such testability.
Chair:  Huawei asked whether tested is testable but did not say that it is not testable.
Huawei:  Transient > 150% CP, what is the meaning of not tested.
Ericsson:  Have discussed for a long time and addressed all questions, should move forward.
Huawei:  Figuring out testability is the main objective of this meeting.  A TE vendor contribution suggests some waveforms not testable, but some solutions provided here.  Need to clarify testability.  For EVM_L and EVM_H, we don’t understand the use of min.  Would like to better understand the proposal.
Anritsu:  Our contribution is only about the case where transient > CP.  If transient < CP, it is possible to measure EVM for CP-OFDM.  The problem is only when transient is longer.
Huawei:  How about if transient > CP?
Skyworks:  Difference between DFT-S and CP-OFDM is that for DFT-S, can remove precisely the size and position according to UE declaration.  To mimic the same exclusion for CP-OFDM, we use the min of the two FFT’s 
Chair:  Huawei is asking for better understanding; not that they are necessarily opposed.  Further discussion needed but needs to be official, recorded discussion.
Conclusions

EN-DC power class
Emission requirements as sum or per antenna is the main point of contention.  Recommend Ericsson to revise the CR according to sum and discuss in main session.  Most companies able to agree to using sum.

Transient period capability
WF being discussed that summarizes proposals from Qualcomm and Skyworks.  Both proposals are acceptable to both companies, but solicit views from other companies.  The objective is to present CR’s this meeting based on WF.
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