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Introduction
Briefly introduce background, the scope of this email discussion and provide some guidelines for email discussion if necessary.
Rel-15 UL MIMO power class clarifications have been discussed for several meetings. Companies have different understandings regarding applicable power classes for different transmission modes of UE supporting UL MIMO, i.e.
· 2-layer UL MIMO transmission with codebook of 
· transmission on single-antenna port
In particular, whether transmission diversity (TxD) is allowed as UE implementation? Whether a Rel-15 PC2 UE shall be able to generate 26dBm maximum output power (MOP, w/o TT) when configured for transmission on single-antenna port?  Relevant questions mentioned in the discussion including whether emission requirements shall apply to UE level instead of each antenna connector? Whether MPR should be revisited? Etc.
In RAN#94-e meeting, 5 options were listed in the noted WF R4-2002738. The extensive discussion continued at following RAN#87 plenary meeting, but no agreement can be reached. 
In RAN#94-e-Bis meeting, the power class related to UL MIMO and other related requirements had an independent agenda and intensive discussions were documented in Email summary R4-2005687. A WF R4-2005216 was also agreed as following:
· Requirements for SA UL MIMO PC2 UE are incomplete/ambiguous in current R15 RAN4 specs.
· Option1: Continue discussion to complete in R15.
· Option2: Live with what we have now in r15, continue discussion in R16
· Discussion on technical issues needed for transparent Tx diversity 
· This discussion does not differentiate between Rel-15 or Rel-16 
· Main initial analysis reference papers
· R4-2003330(Anritsu), R4-2004211(Keysight), R4-2003028(Qualcomm), R4-2004960(CMCC)…
· R15 UL MIMO emission requirements shall apply to UE level. 
· Relating MPRs are need to be re-visited.
· Corresponding work plan & assumptions to be discussed in RAN4#95-e
· Further discuss whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme.
· R4-2003217 can be used as a reference.
There are some progress particularly on per-UE level UL MIMO emission requirements, however, for other controversial issues it is still open and no progress is made. Though the technical answers to RAN5 is mostly clear, no LS to RAN5 had been sent out since the Release is not agreed. Further discussion still needed. 
In addition, an incoming LS R4-2006116 from GCF was received to question NSA Power Class 2 UE UL requirements. A discussion and corresponding reply is also needed.

List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: TBA
· 2nd round: TBA
As moderator, we would like to suggest the following candidate target of 1st and 2nd round email discussion: 
· 1st round: Collect companies’ views on following topics to reach common understanding on high level principle: 
· Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE?
· Whether TxD can be release independent from Rel-15?
· Whether NR SA-alone UE support PC2 UL MIMO can be allowed to fall back to PC3 for 1-port transmission.
· With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
· Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?
· Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16?
· Whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme in this Agenda?
· Collect views on EVM test method.
· 2nd round: Based on results from 1st round, proceed as much as possible. 
Topic #1: Power class related to UL MIMO and other related req
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006344
	Apple Inc.
	This paper contributes to the Tx diversity and signalling discussion and makes the following observations and proposals:
Observation 1: Without clear signalling the BS has to assume the potential usage of special relaxation for Tx diversity. It might reduce data rate also for UEs with full rated Tx chains to prevent link failure.
Observation 2: Because Rel-15 is closed, and it is not possible to start work on any new requirements, it is not possible to define proper relaxations and signalling for a UE using Tx diversity in the Rel-15 specification.
Proposal 1: Relaxations and signalling for Tx diversity should be defined in Rel-16.
Observation 3: Test procedure has to be adapted for Tx diversity. These tests will feature higher complexity and be more time consuming.
Proposal 2: RAN5 should adapt its testing requirements so that UEs using Tx diversity are properly handled with all the given impairments. The new test procedure should only be required for UEs using Tx diversity, for example identified by using an OEM declaration.

	R4-2006366
	Samsung
	Transparent Tx Diversity and Power Class 2 Ambiguity for Rel-15 NR
In this paper, we provided our views on completion related issues on EN-DC and NR SA for UE with two TX RF chains, with following observations and proposals: 
Observation 1: The following agreement achieved in RAN4#92bis is not only “RAN4 agreement” we need to follow, but also widely recognized as “final resolution” after a long and over-due RAN4 Rel-15 discussion: 
· Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements [R4-1913067].    
Observation 2: The discussion of enabling transparent TxD in RAN4/5 specification should be restricted in FR1, since transparent TxD in FR2 is not restricted in OTA requirement and testing even for Rel-15. 
Proposal 1: For transparent TxD in Rel-15, RAN4 need to follow existing agreement and final resolution from RAN4#92bis, and there is no necessity to further discuss Rel-15 transparent TxD. 
Proposal 2: RAN4 need to solve the power class 2 ambiguity, by correcting SA UL-MIMO and EN-DC requirement in a consistent way by RAN4#95-e. 
Observation 3: To solve the power class ambiguity as raised by GCF, there are two options to overhaul RAN4 requirements in a consistent way: 
- Option-1: Allowing 3dB lower MOP for UE with PA architecture of 23dBm+23dBm for both SA UL-MIMO and EN-DC in Rel-15:
         The following text proposal in introduced in TS38.101-1: 
“For UE with power class 2 as indicated by the ue-PowerClass field of the UE-NR-Capability IE, the UE shall meet the corresponding power class 2 or power class 3 requirements in clause 6.2.1 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.”
- Option-2: SA and EN-DC UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO (if supported) in Rel-15:
         The text proposal introduced in agreed CR R4-1916137 needs to be removed. 
         Considering RAN4 agreement and resolution “Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements”, Rel-15 UE with PA architecture 23dBm+23dBm is not allowed to claim its support of PC2.  

	R4-2006749
	CMCC
	CR for UL MIMO requirements

	R4-2006817
	MediaTek Inc.
	NR UE power class for UL MIMO and 1-port transmission
Observation 1: Transparent Tx diversity could not ensure the two transmit signals would add up constructively when arriving at the base station to achieve the PC2 performance. 
Proposal: RAN4 to consider allowing NR stand-alone UE to support PC2 UL MIMO and fall back to PC3 for 1-port transmission.   

	R4-2006955
	Rohde & Schwarz
	Correction to uplink antenna connectors


	R4-2006956
	Rohde & Schwarz
	Correction to uplink antenna connectors

	R4-2007035
	Ericsson
	Correction of transmitter characteristics for UL-MIMO: powerclass 2 and fallback


	R4-2007036
	Ericsson
	Correction of transmitter characteristics for UL-MIMO: powerclass 2 and fallback


	R4-2007037
	Ericsson
	Remove power-class ambiguity for UL-MIMO PC2 capable UE configured for EN-DC


	R4-2007071
	OPPO
	Further on Rel-15 TxD requirements
Observation 1: With the ambiguity in spec the UL MIMO PC2 UE certification will be stopped in GCF.
Proposal 1: RAN4 continue discuss to complete Rel-15 power class definition between UL MIMO and single antenna port, and also conclusion on TxD feature.
Proposal 2: Concluded that no testability issue in introduction of TxD in Rel-15.
Proposal 3: For the requirement specified at each antenna connectors in UL MIMO except emission requirements can be reused for TxD with 2 antenna connectors.
Proposal 4: For the requirement specified as sum of the transmit power in UL MIMO, similar handling can be reused for TxD with 2 antenna connectors.
Proposal 5: For the emission requirements, specified as sum of the results for TxD with 2 antenna connectors.

	R4-2007072
	OPPO
	Further on EN-DC and SA power class
Observation 1:   It is agreed that if UE supports UL MIMO and PC2 when it is configured with EN-DC, then the NR band shall comply with either PC2 or PC3.
Observation 2:   It is still under discussion which power class UE shall comply in SA when configured with single antenna port.
Observation 3:    Keep requirements same for SA and NSA will help to reduce test time, i.e. if SA are tested then all non-exception EN-DC FR1 test requirements for that NR band does not need to be retested.
Proposal 1:        Keep alignment of NR power class behaviour, when UE is configured for single antenna port between SA UL MIMO and EN-DC.
Observation 4:   UE with 23+23 PA configuration and TxD can report PC2 in Rel-16, however, still cannot achieve PC2 in NR band under EN-DC due to the limitation of two Tx chains.
Observation 5:   The current statement “UE shall meet the NR requirements for either power class 2 or power class 3” is helpful for both Rel-15 and Rel-16.
Proposal 2:       Align SA to the already agreed EN-DC specification: UE shall meet the NR requirements for either power class 2 or power class 3

	R4-2007073
	OPPO
	Reply LS on Rel-15 TxD


	R4-2007074
	OPPO
	Reply LS on Rel-15 UL MIMO power class


	R4-2007075
	OPPO
	CR on transmit signal quality requirements for single antenna port


	R4-2008046
	Qualcomm Incorporated
	UL MIMO open items from WF and LS
Observation 1: Only CP-OFDM MPR needs revision because of UL MIMO emission requirements change. 
Proposal 1: Change “are specified at each transmit antenna connector” in section 6.5D, 6.4D.2.2 and 6.4D2.3 of TS 38.101-1 to “are specified as sum of powers from each transmit antenna connector”
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Proposal 2: Agree the MPR proposals in above tables for UL MIMO. 
Observation 2: It is extremely alarming to find out from LS that this discussion on Rel-15 tx diversity/PC2 UL MIMO/23+23 dBm implementation is gating GCF progress on PC2 validation. 
Proposal 3: Rel-15 specifications are not changed due to 23+23 dBm implementation and specifications are clarified so that UE is assumed to have one active TX connector when ever single logical port transmission is configured. 
Proposal 4: Remove the 38.101-3 text introduced in [3] and reply to GCF accordingly.


	R4-2008047
	Qualcomm Incorporated
	CR on UL MIMO changes MPR and emissions


	R4-2008054
	Qualcomm Incorporated
	LS reply on requirement in Power Class 2 for UL MIMO Test cases.


	R4-2008094
	Motorola Mobility Germany GmbH
	On the Need to Limit Delay for Transparent Transmit Diversity
Proposal 1:  	The absolute value of the maximum cyclic delay allowed for transparent transmit diversity should be limited to a small fraction of the length of the cyclic prefix.
Proposal 2:  	The cyclic delay used by the UE for transparent transmit diversity should be measured. 

	R4-2008211
	Huawei, HiSilicon
	On Rel-15 PC2 power class
Observation 1: There is no agreement in RAN4 that TxD as an UE implementation is not supported in Rel-15.
Observation 2: TxD is the basis for defining FR2 Tx requirements in Rel-15.
Observation 3: Power class for SA and NSA can be treated separately, which has less connection with TxD. 
Observation 4: Measurement of transmission with multiple antenna connectors is not an obstacle to move forward in both RAN4 and RAN5. If needed, some clarification of requirements can be made in RAN4 spec.
Proposal 1: Requirements which may have ambiguity to support multi-antenna transmission in single antenna mode should be clarified in Rel-15. The changes of spec should be as minimum as possible.
Proposal 2: Companies focus on the draft CRs on the issue to further improve the wording of clarification.
Proposal 3: Inform the agreements to other working groups to accelerate the standard progress.

	R4-2008213
	Huawei, HiSilicon
	On Rel-15 PC2 unwanted emissions and MPR requirement
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Proposal: It is proposed to define the MPR requirements for PC2 UE supporting 2Tx transmission in Table 4 together with changes of unwanted emission requirements for UL MIMO.

	R4-2008215
	Huawei, HiSilicon
	Draft CR on Rel-15 UL MIMO requirements


	R4-2008256
	vivo
	Discussion on SA TxD Applicability
Observation 1: Release independent could be used to introduce a feature standardized in later release into frozen earlier releases if deemed beneficial while avoid touching frozen core spec.
Observation 2: “4 Rx” feature were introduced late in LTE which is an (enhanced) implementation that have different requirements, a release independency have been introduced from Rel-13 to Rel-10.
Observation 3: RAN5 have implemented the release independent feature in test cases which would apply to earlier releases.
Observation 4: There are a number of key similarities between TxD and 4Rx, and Tx Diversity is potentially suitable for release independent.
Proposal: As a compromise, introduce specification changes for 2Tx TxD in Rel-16, meanwhile define it as release independent from Rel-15. 	Or we can still directly introduce TxD into Rel-15 spec and UL-MIMO emission requirements and test cases need to be changed anyway. 
Observation 5: The following effects could be achieved by the proposal:
a. No need to change Rel-15 requirements.
b. More room for analysis in Rel-16 and possibly also for RAN5 and TE vendors.
c. Rel-15 UE implement TxD can have requirements and adaptable test cases.

	R4-2008257
	vivo
	Discussion on NSA Power Class 2 UE UL requirements for R15
Observation 1: Based on this understanding, it is believed that:
· there is no ambiguities in current Rel-15 38.101-3; Rel-15 38.101-1 may be refined.
· differences pointed out in the LS were after careful consideration and not an error
· PC2 NSA requirement in TS 38.101-3 for Rel-15 is concluded
Observation 2: Rel-16 scheme discussion is still ongoing and a clearer scheme could be expected.
Proposal: Reply the LS based on the previous two observations.


	R4-2008258
	vivo
	Draft Reply LS on requirement in Power Class 2 for UL Test cases for GCF


	R4-2008259
	vivo
	CR to 38.101-3: clarification of ENDC power class (Mirror for R16)

	R4-2008260
	vivo
	CR to 38.101-1: UL MIMO MPR reference table (R15)

	R4-2008261
	vivo
	CR to 38.101-1: UL MIMO MPR reference table (R16)

	R4-2008276
	Motorola Mobility Germany GmbH
	Considerations on the EVM Definition for an Antenna Port or a Single MIMO Layer

Observation 1:	When transmitting from an antenna port comprised of multiple antennas or when transmitting a single MIMO layer from multiple antennas, the EVM observed at a noiseless gNB receiver with a single antenna will be no less than the minimum of the EVM’s at the UE antenna connectors, and in general may be much larger.
For antenna ports not limited to a single physical antenna or MIMO layer transmitted from multiple antennas, the mapping between the EVM at the UE antenna connectors and the EVM observed at the output of a noiseless gNB receiver is quite complicated. 
There are several possible methods that can be further considered for setting and measuring the EVM requirement, and these are the following.
 Method 1: Set and measure the EVM requirement at the UE antenna connectors in accordance with the desired noise/error floor for the modulation type.
Method 2:  Set and measure the EVM requirement at the at the output of the minimum norm linear unbiased receiver.
Method 3:  Set and measure the EVM requirement at the at the output of the linear zero-forcing receiver.


	R4-2008282
	Qualcomm Incorporated
	Remove power-class ambiguity for UL-MIMO PC2 capable UE configured for EN-DC


	R4-2008212
	Huawei, HiSilicon
	On EN-DC power class
Observation 1: From the clarification of Rel-15 specification, the understanding is that the power class for a NR band could be different in SA and NSA mode.
Observation 2: In the current signalling design, E-UTRA already has the flexibility to indicate a different power class in the NSA mode. 
Observation 3: Clarification in Rel-15 spec is just an expedient solution, which still left the ambiguity for Rel-16.
Observation 4: Without a clear indication of the power class for a NR band in NSA mode will cause unnecessary loss for both network and UE side.
Proposal: It is proposed to introduce an explicit signaling for the power class for NR side in MR-DC mode in Rel-16.



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: TxD and power-capability indication for SA operation
Sub-topic description: SA PC2 related
Open issues and candidate options before e-meeting:
Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
· Proposals
· Option 1: yes
· Option 2: no
· Recommended WF
· TBA

Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
· Proposals
· Option 1: yes
· Option 2: no
· Recommended WF
· TBA

Issue 1-1-3: Whether NR SA-alone UE indicating PC2 in the UE_NR-Capability (ue-PowerClass) and compliant with PC2 requirement for 2-layer transmission can be allowed to fall back to PC3 for 1-port transmission?
· Proposals
· Option 1: yes
· Option 2: no
· Recommended WF
· TBA

Sub-topic 1-2: UL-MIMO Emissions
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
· Proposals
· Option 1: As in R4-2008046 (Qualcomm);
· Option 2: As in R4-2008213 (Huawei);
· Option 3: Other values;
· Recommended WF
· TBA

Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements? 
· Proposals
· Option 1: yes;
· Option 2: no;
· Recommended WF
· TBA


Sub-topic 1-3: NSA PC2
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?  (i.e. For a UE indicating PC2 and supporting two SRS ports in SA but only one SRS port in NSA, UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.)
· Proposals
· Option 1: yes
· Option 2: no
· Recommended WF
· TBA

Issue 1-3-2: Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16?
· Proposals
· Option 1: yes
· Option 2: no
· Recommended WF
· TBA

Sub-topic 1-4: Others
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 1-4-1: Whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme in this Agenda? 
· Proposals
· Option 1: yes
· Option 2: no 
· Recommended WF
· TBA

Issue 1-4-2: EVM measurement at the UE antenna connectors and the EVM observed at the output of a noiseless gNB receiver.
Observation: When transmitting from an antenna port comprised of multiple antennas or when transmitting a single MIMO layer from multiple antennas, the mapping between the EVM at the UE antenna connectors and the EVM observed at the output of a noiseless gNB receiver is quite complicated. There are several possible methods that can be further considered for setting and measuring the EVM requirement, and these are the following:
Method 1: Set and measure the EVM requirement at the UE antenna connectors in accordance with the 
desired noise/error floor for the modulation type.
Method 2:  Set and measure the EVM requirement at the at the output of the minimum norm linear 
unbiased receiver.
Method 3:  Set and measure the EVM requirement at the at the output of the linear zero-forcing 
receiver.
· Proposal:
· Collect views on the observations and these methods. 
· Recommended WF
· TBA


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

	OPPO
	Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
Support Option 1, yes. We are confused of the technical reasons why this kind of PC2 UE implementation is not allowed. It is true that usually RAN4 define requirements based on certain reference architecture but it does not mean RAN4 restricts UE implementation as long as they meet RAN4 requirements. Now the requirements are defined, what need to be clarified is how this kind of implementation should be tested like per-antenna or combined. Now, millions of 5G PC2 UEs with TxD already on the market, from UE vendor perspective, it is not acceptable to exclude this kind of implementation. In our view, now what we need to do is stop arguing endlessly but focus on the CRs, and we believe the early to reach consensus on the CRs the better for the industry.

Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
Even we say yes to issue 1-1-1, in our view, there is no NBC issue from signalling perspective, it can be release independent from Rel-15, i.e. Option 1.

Issue 1-1-3: Whether NR SA-alone UE indicating PC2 in the UE_NR-Capability (ue-PowerClass) and compliant with PC2 requirement for 2-layer transmission can be allowed to fall back to PC3 for 1-port transmission?
Option 1, YES. In our view, this issue can be discussed together with issue 1-1-1, as a compromise we can accept Option 1, i.e. the power class keep same in UL MIMO and single antenna port in case the TxD is allowed in Rel-15. Otherwise, we see option 1 (YES) is the only choice.

Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
OK with Option 1.

Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements? 
Option 2 (no). We do not think it is good to re-evaluate Rel-15 singe antenna port MPR at this stage.

Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?  (i.e. For a UE indicating PC2 and supporting two SRS ports in SA but only one SRS port in NSA, UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.)
Option 1 (Yes). There is no way for a UE with SA 23+23 PA configuration can reach PC2 in EN-DC.

Issue 1-3-2: Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16?
Option 1 (Yes). It would be good to define NR power class to clearly indicate the supported PC in EN-DC, but we are also ok with Option 2(no) in case the similar power class indication either power class 2 or power class 3 is defined in Rel-16 as Rel-15.

Issue 1-4-1: Whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme in this Agenda? 
Option 2 (no). We do not see the benefit of this evaluation. Even simulation is done, what is the criteria to exclude or include TxD?

	Ericsson
	Issue 1-1-1: option 2, no, the measurements of the transmitter characteristics should not be changed in Rel-15, except possibly for unwanted emissions for UL-MIMO. Test cases for single-port transmission are only validated for a single antenna connector, which is assumed for conformance tests. However, transparent TxD is not “forbidden” in principle as long as the UE complies with the Rel-15 requirements per antenna connector for the advertised power class, but this would require specific declarations in the conformance specifications (clause 6.2.1).
Issue 1-1-2: transparent TxD is not a feature, unclear what release independence would imply. Measurements for transparent TxD must be implemented in Rel-16 for full-power modes, single-port fallback with FP configured can be transparent (Mode 1).
Issue 1-1-3: option 2, no. The UE shall meet the requirements according to its advertised power class for all transmissions and set the PHR correctly. 
Issue 1-2-1: no strong view, MPR modifications acceptable for UL-MIMO for compliance with unwanted emissions with two TX connectors.
Issue 1-2-2: Option 2, no. “Single-port requirements in Rel-15” means single antenna connector, increased MPR would also be allowed for UEs only using a single TX antenna connector. (However, for a UE declaring two TX connectors for single-port transmissions, compliance may be problematic, see 1-1-1.)
Issue 1-3-1: Option 2, no. If accepted then the MeNB/SgNB is supposed to verify the NR MIMO capability (not required to be decoded by the MeNB) only to find out that the power class indication may be ambiguous, and the SCG PH reporting is unspecified if NR PC2 is indicated. Not proper network behavior.
Issue 1-3-2: unclear what is proposed, the NR power class included in the MRDC-parameters? New signaling for band combinations should not be decided before RAN1 has decided on the capability signaling for full-power modes (if in FS, BC or other). If a new capability is introduced for two-layer transmission as proposed in R4-2007050 and implemented as in R4-2007036, additional capability signaling is not needed for resolving the EN-DC signaling ambiguity for UL-MIMO capable UEs.
Issue 1-4-1: a most relevant question both for FP operation with two ports and coherent precoders and for transparent TxD. Small-delay CDD (transparent) may be used for avoiding signal cancellation with correlated TX chains, but EVM measurements MOP evaluation are affected (any CDD applied is transparent). Not quite clear how to measure (with relative measurements) for non-coherent transmissions.
Issue 1-4-2. Method 1 appears feasible. Method 2 and 3: a reference receiver must be agreed for the TE. Non-linear crosstalk would not be eliminated by a linear receiver.



	Huawei
	Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
Option1, yes. Allowing transparent TxD as UE implementation is the previous RAN4 agreement to support the same power class as UL MIMO. Also TxD is the basis to derive the FR2 requirements. Cannot fully understand why some companies think that TxD is not supported in Rel-15.

Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
Though our answer for issue 1-1-1 is yes, TxD is release independent from R15 is also accept for us, the requirements can be defined in Rel-16, and test cases in RAN5 is aligned. 

Issue 1-1-3: Whether NR SA-alone UE indicating PC2 in the UE_NR-Capability (ue-PowerClass) and compliant with PC2 requirement for 2-layer transmission can be allowed to fall back to PC3 for 1-port transmission?
Option 2, no. If TxD is supported by the UE, e.g. 23+23dBm implementation, even for single antenna port transmission, the power class does not need to fall back to PC3.

Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
OK with proposed MPR values in Option 1, but the changes should be applied for both CP-OFDM as well as DFT-s-OFDM. Though the TPMI configuration in the current spec is for 2 layer, it doesn’t mean that single layer codebook based UL MIMO transmission will not be scheduled, in that case how to comply with the tightened unwanted emission requirements without a revised MPR for DFT-s-OFDM?

Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements? 
Option 1 (yes). If consensus reached on TxD for Rel-15, the same revised MPR requirements can also be used for UE at TxD transmission.

Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?  (i.e. For a UE indicating PC2 and supporting two SRS ports in SA but only one SRS port in NSA, UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.)
Option 1 (Yes). The power class for the NR band in NSA is limited by the UE architecture in some case, and the current changes in the spec is the compromised solution and the consequence that new power class for NR band in NSA was not accepted.

Issue 1-3-2: Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16?
Option 1 (Yes). To avoid the current situation for Rel-15 spec, the best way is to introduce new power class for NR band in MR-DC band combinations.

Issue 1-4-1: Whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme in this Agenda? 
Option 2 (no). We do not think it is necessary to do this kind of evaluation. Supporting TxD is up to UE implementation. 

	Qualcomm
	Issue 1-1-1: No, it is too late. Issue also has two separate but related issues in one sentence: TxD itself and measurement as sum detail so it is hard to know what each company is responding to. To proponents who are wondering why this is not agreed: 1st reason is that same companies did not accept the CR that enables TxD more that one year ago when it was presented and 2nd reason is that now it is too late and 3rd reason is the everyone agreed in two separate WF not to support it. If there are millions of devices, why no-one can name any and how these devices? And if there are, how have these been certified since RAN5 is the one who raised the issue of ran4 specs not supporting TxD and they cannot be certified. And if there are millions of devices, who built these and why these companies did not bring proper technical proposals to enable conformance testing for those. If they did not see the urgency for ran4 changes then, why they see it now?  It is not acceptable behaviour to make vague WF’s and then not accept CRs based on those and then promote same CR’s more than one year after. Very strange situation indeed.
Issue 1-1-2: We need to agree first the requirements and proper CR and then we can se from which release it can be enabled. For example, if we agree different MPR’s, then we need capability and using that capability, rel-15 UE can distinguish if they support txd with this capability. Second way is to separate txd requirements in rel-16 specs from “normal” general requirements by suffix, then UE can declare if it support requirements under new suffix.  Third way is if we agree to write requirements embedded into the general requirements making them truly transparent, then we can not distinguish which Rel-15 UE supports which requirements and then release independence is not possible. Note is that question is meaningful only if requirements are in rel-16 specs. So in short, it is too early to decide but it is possible. 
Issue 1-1-3: Option 2, No. PC2 UE should be PC2 UE. Otherwise network performance is impacted in an uncontrolled manner.  
Issue 1-2-1: Option 1. We can negotiate on values but agreement in WF was to revise UL MIMO MPRs. 8213 proposes to change “2Tx” MPR’s which is undefined feature so it is impossible to know when this applies.
Issue 1-2-2: Option 2, No. So far we do not see why single port MPR would need to be revised since no new requirements are proposed. We are assuming this discussion is for rel-15. And if there are millions of devices, how would they take advantage of the change? 
Issue 1-3-1: Option 2, No, however, this clarification does not exist at the moment. The famous sentence in 38.101-3 does not say “For a UE indicating PC2”. If the proposed CR would have had this sentence, we would have not agreed to it. 
Issue 1-3-2: Option 2, No. UE should be able to produce the rated power regardless of the configuration. 
Issue 1-4-1: Yes, we see this situation similar to TxD itself. Some companies say we can ignore it in Ran4 but propapbly later will come back with a relaxation CR’s because of it. It is clear from papers that RAN4 needs to first discuss what kind of implementation is accommodated by spec and then define what is the impact to specification.  Good example is that if we agree that “measured as sum” so likely UE’s with TxD will still fail the conformance because of unknown cyclic phase shift. 
Issue 1-4-2: We prefer method 2 or 3 since it represent the real case.  

	Samsung
	Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
Option 2. No. Clear agreement/resolution achieved in previous RAN4 meeting which should be followed. Based on Rel-16 discussion on transparent TxD, it is not expected the revision to allow transparent TxD which could be done by this meeting. We don’t expect the revision is trivial and further revision on Rel-15 requirement and test cases in that way is not acceptable. Btw, to avoid confusion, suggest to use “transparent TxD” rather than TxD. 
Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
Transparent TxD is not suitable to be regarded as release independent feature. We should be very careful about considering one feature as release independent one, since we only regard band-related feature, new band, band combo, 4RX (note, we still regard it as band-related since it is 4RX band introduced). For transparent TxD, if it is not a band-related feature, we can’t regarded as release independent feature. 
Issue 1-1-3: Whether NR SA-alone UE indicating PC2 in the UE_NR-Capability (ue-PowerClass) and compliant with PC2 requirement for 2-layer transmission can be allowed to fall back to PC3 for 1-port transmission?
Based on our view on Issue 1-1-1, i.e., transparent TxD is not allowed in rel-15, if we allow 23dBm+23dBm PA UE architecture, we have no choice but allow 3dB degradation. We can accept that if companies can give the evidence that 23dBm+23dBm UE is in their product roadmap for Rel-15 (rather than Rel-16 product). If not, Option 2 (not allowed) is more technically reasonable to make the spec clear especially considering LS from GCF. 
Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
To complete Rel-15 requirement with the revised emission requirements, Option 1 is okay to proceed, but if there is problem identified in the future, maybe revision is needed. 
Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements?
Option 2, No. Related to Issue 1-1-1, as we preferred, transparent TxD is not allowed in Rel-15, so no need to consider to revisit single antenna port requirement for Rel-15 at all. 
Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?  (i.e. For a UE indicating PC2 and supporting two SRS ports in SA but only one SRS port in NSA, UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.)
Considering the observation from GCF LS, a clear and consistent spec is desired which seems not achieved with current specification. 
Issue 1-3-2: Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16?
For Rel-16 eMIMO, we already agree the claimed PC should be applied to both 2-layer and 1layer (1TX) transmission mode. Therefore, no new signalling is needed for SA. But for NSA, explicit signalling is helpful especially considering it is the reason why RAN4 only allow 3dB degradation in Rel-15 but not in Rel-16. So, companies at that time believed new signalling could solve the power class ambiguity so no CR (even Cat-A CR) was submitted to Rel-16. Considering that, RAN4 can discuss explicit signalling for NSA, but this work should be done by this meeting. 
Issue 1-4-1: Whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme in this Agenda? 
Would like to know the plan and expectation from this study if any. If it is link-level based simulation, and even if we prepare to use enough time and effort to evaluate that (before transparent TxD is introduced if positive gain observed), it is hard to have a simulation assumption to be agreed, considering antenna correlation modeling, CDD (how to decide cyclic delay), or even whether or not considering other diversity scheme like linear delay diversity are all UE implementation related, and hard to be aligned. 

	CMCC
	Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
Option1, yes. Until now, we have not seen any test feasibility issues in RAN5. RAN5 needs to be a clarification of RAN4 about what requirements TXD can be applied to, so we can not assume that RAN5 cannot accept TXD test, but the fact should be that RAN5 can do TXD test if RAN4 can clarify TXD requirements,
RAN4 has no clear agreement/resolution in previous RAN4 meeting. Just some companies have different understanding of TXD implementation, no writing in RAN4 specification does not mean that TXD implementation is not allowed. 
We need to focus on how the RAN4 specification is modified for 2TX in Rel-15. Since the emission for UL-MIMO can be modified in Rel-15, we think TxD can be fixed as well. So we hope RAN4 will no longer discuss the impacts of TXD in RAN5, nor why not clarify TXD in the early stage, but solve the RAN4 issue we all face now. We should allow those UEs that already have TXD implementation to be used in the market as PC2.

Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
If TXD can be introduced in Rel-15 in this way, we can accept this compromise solution. But the TXD that needs to be considered in the Rel-16 needs to be transparently handled rather than as a feature that has a new capability, and there are no technical issues to block the release independent from Rel-15. 
There is no rule that band-related feature can implement as release independent. We would like to know if company can regard 4Rx as a band-related why can't regard 2Tx as a band-related, RAN4 has a 2TX /UL-MIMO band table, even defining a separate band table for TXD in rel-16 can be considered.
Issue 1-1-3: Whether NR SA-alone UE indicating PC2 in the UE_NR-Capability (ue-PowerClass) and compliant with PC2 requirement for 2-layer transmission can be allowed to fall back to PC3 for 1-port transmission?
Option 2, no. UE can be defined as PC2 only if the maximum output power is +26dBm in both UL-MIMO and single antenna port mode.

Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?  (i.e. For a UE indicating PC2 and supporting two SRS ports in SA but only one SRS port in NSA, UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.)
Option 1 (Yes). The WI on PC2 EN-DC TDD（PC3）+TDD（PC3）has been completed for more than half a year, We cannot accept the modification of the NSA NR power clarification. If RAN4 modifies the description on NSA NR power class it means that the WI is invalid,

	LG Electronics
	Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
Option1. There is no reason to not allowed TxD as UE implementation for Rel-15 PC2 UL-MIMO.
Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
It could be possible that TxD can be release independent from Rel-15 and a UE can meet Rel-16 TxD requirements.
Issue 1-1-3: Whether NR SA-alone UE indicating PC2 in the UE_NR-Capability (ue-PowerClass) and compliant with PC2 requirement for 2-layer transmission can be allowed to fall back to PC3 for 1-port transmission?
Option1. Since there will be 2x26dBm and 2x23dBm architectures, PC2 UL-MIMO can fall back to either PC2 or PC3. However, a UE that is implemented as TxD to support PC2 UL-MIMO will fall back to PC2 for 1 port transmission. This scenario is possible for option 2.
Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
Option 1.
Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements?
Option 2.
Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?  (i.e. For a UE indicating PC2 and supporting two SRS ports in SA but only one SRS port in NSA, UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.)
Option 1. It depends on different PA architecture. For 2x26dBm architecture option, a UE can support PC2 and for 2x23dBm architecture option, a UE can support PC3. Therefore, the UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.
Issue 1-3-2: Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16?
Option 1. It would be beneficial to know what an architecture is used to each RAT and there won’t be power class ambiguity issue.
Issue 1-4-1: Whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme in this Agenda? 
Option 2.
Issue 1-4-2: EVM measurement at the UE antenna connectors and the EVM observed at the output of a noiseless gNB receiver.
Method 1: Set and measure the EVM requirement at the UE antenna connectors in accordance with the desired noise/error floor for the modulation type.

	MediaTek
	Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
The answer is “yes” or “no”. First, what is the definition of “Transmit Diversity”? It cannot be simply transmitting the same data over multiple antennas, otherwise, we would not need to spend that much time discussing this issue in RAN4.
Some companies consider by summing the power of each antenna connector which fulfils the PC2 requirements would be sufficient. If that is the case, such tests would not be anything different from UL MIMO RF tests. Then why bother doing the same tests for Tx diversity?
The main difference between the UL MIMO and Tx diversity is that the signals in different MIMO paths are uncorrelated while for Tx diversity, the signals from each Tx path can combine constructively or destructively over the air. If such behaviour cannot be properly verified by conductive tests, how can we be sure the so-called “Tx Diversity” can achieve the PC2 MOP requirement. On the other hand, if the 23dBm signals are added in phase, the effective power would be 29 dBm, not 26 dBm. How can we prevent this from happening?
Our concern is that if the phase relation between the two Tx paths cannot be well controlled, the claimed PC2 Tx diversity could end up with worse output power performance than that of single PC3 path, yet with nearly doubled power consumption. That is the reason why we propose to allow UE with PC2 UL MIMO to fall back to PC3 for single-port operation. The proposal on the other hand does not prevent UE to support PC2 Tx diversity provided the Tx diversity requirements are clearly defined and the performance can be properly verified.  

	Motorola Mobility
	Issue 1-4-1: Whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme in this Agenda? 
The main concern is that channel estimation not be significantly degraded in the case that the cyclic or linear delay is too large. There should be some limit on the maximum delay if linear or cyclic delay is used. It is not clear if other transparent transmit diversity schemes are intended.
Issue 1-4-2: EVM measurement at the UE antenna connectors and the EVM observed at the output of a noiseless gNB receiver.
The purpose of the transmit EVM requirement is to set the noise floor at the receiver due to transmitter impairments.  When transmitting on a UE port comprised of multiple transmit antennas and receiving on a single gNB antenna, the EVM observed at the gNB receiver can be greater than the EVM at the UE antenna connectors (e.g, the signals may be out of phase and cancel while the noise from the two transmit antennas does not). Thus, it is not certain that the EVM observed at the gNB receiver will be less than or equal to the EVM at the UE antenna connectors.
Since what matters is the noise floor at the gNB receiver due to the UE transmitter impairments, the possibility of measuring EVM on a port basis should be considered.

	Intel
	Sub topic 1-1: 
Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
Option 2: No. 1) We have agreed that No Rel-15 core requirements changes (excluding emission with sum). 2) Performance gains TxD with current TAE is not well justified.
Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
Option 1: yes
Issue 1-1-3: Whether NR SA-alone UE indicating PC2 in the UE_NR-Capability (ue-PowerClass) and compliant with PC2 requirement for 2-layer transmission can be allowed to fall back to PC3 for 1-port transmission?
Option 1: yes. Since it is not clear what ue-PowerClass really refers to, single port or UL-MIMO? Or both?
Sub topic 1-2:
Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
Option 1
Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements? 
Option 2

Sub topic 1-3:
Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?  (i.e. For a UE indicating PC2 and supporting two SRS ports in SA but only one SRS port in NSA, UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.)
Option 1: Yes
Issue 1-3-2: Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16?
Option 1: Yes (unless current signalling have no ambiguity)

Subtopic 1-4:
Issue 1-4-1: Whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme in this Agenda? 
Option 1: yes , we need to understand under current TAE (for UL-MIMO)  how TxDiv can be better than 1 Tx antenna)

	Skyworks
	Topic 1-2-1: There are discussion papers on MPR for UL MIMO in other threads that may be relevant to this discussion in thread 130 and 116:
· R4-2006346	PC1.5 UL MIMO	Apple Inc.
· R4-2008330	Analysis of MPR and EVM based on reverse IMD for PC1.5 UL-MIMO	LG Electronics Polska
· R4-2006639	[29dBm] RIMD impact on EVM and MPR for UL MIMO and Tx Diversity	Skyworks Solutions Inc.
· R4-2006668	[NR_eMIMO] RIMD impact on EVM and MPR for UL MIMO and Tx Diversity	Skyworks Solutions Inc.

These show that MPR for UL MIMO (and thus for TxDiv) may not be trivial especially if ET implementations are considered and RIMD does contribute to emissions and EVM.
At this point we see no evidence that either the 0.5dB proposed in R4-2008213 or MPR proposal in R4-2008046 can be accepted without further discussions of the measurements papers provided in this meeting.
Also we would like to clarify if the PC2 UL MIMO MPR proposed only covers 23+23dBm implementation and whether 26+26dBm which is used for NS04 should also be covered.
At least for release 16 some serious work is needed to provide a complete MPR requirement.
One critical aspect for MPR and RIMD impact is the degree of correlation between the two signals which may be different for 2x2 Coherent UL MIMO (phase difference only), 2 layer UL MIMO and TxDiv with CDD. We do not think it is wise to use rules of thumb in this context to provide MPR numbers or at least we need to clarify which implementations are covered.

	Rohde & Schwarz
	Issue 1-4-2: 
There is a similar discussion happening for UL MIMO as well. From our point of view Method 2 and 3 are not feasible right now, since there is no clear definition for how to perform EVM measurements in this case. More discussions and alignments on baseline assumptions need to happen before this can be agreed. Method 1 would in principle be fine, however in this case there may be severe power imbalances between the 2 UL connectors, so it needs to be clarified whether the UE needs to pass the EVM test on both connectors or only on one of them, since e.g. a low power connector may fail the EVM test, just because the power is very low.
As an additional proposal, it would be feasible to measure EVM as the weighted average across the UE connectors, so measure EVM per connector and then combine the results, weighted by the power on each connector. This would solve the issue with power imbalance on the connectors.


	Anritsu
	Issue 1-4-1: From UE conformance test perspective, Option 2:no for UE conformance spec since we suppose the evaluation of CDD based TxD is rather a performance test of gNB receiver.
Issue 1-4-2: Same view with R&S. 

	vivo
	Issue 1-1-1: Option 1. Yes. Admittedly it is in very late stage for Rel-15. However, we are still doing overall fixed up for UL-MIMO emission requirements for Rel-15, and the expected revision do not involve  actual new feature but a long standing implementation that is discussed and taking for granted for some time, it is believed that this can still sever as an exception. 
Issue 1-1-2: Option 1. Yes. Although our answer is “yes” for previous issue, to try to make progress, the release independency is proposed in this meeting as a compromise. This is indeed new for release independent, but it is basically also new for NR. Since it is also quite hardware dependent and a not related to physical/higher layer spec changes, we see release independency may be a possible compromise for current situation. 
In addition, we believe that there is no need to finish every details about the requirements before release independency could be confirmed. Some points such as with/without capability/declaration etc. should be sufficient and other details can be discussed further. Without basic confirmation, it would be difficult for a compromise.
Issue 1-1-3: We tends to prefer Option 1 which is more adaptive. However, if TxD could be applied in Rel-15 in some way, option 2 can also be beneficial and also applicable for more basic implementation such as 23+23.
Issue 1-2-1: Option 1. We also tends to agree that the discussion in last meeting was focused on UL-MIMO case. Whether the requirements can be also resused for TxD case can also be further discussed.
Issue 1-2-2: Option 2, No. Currently it is difficult to further revise Rel-15 single antenna port requirements which  is also applied to single antenna connector case. If it could be agreed to separate TxD case with single antenna case and make further clarification or differentiation, this issue may be re-discussed. 
Issue 1-3-1: Option 1. Yes. This clarification avoid the confusion and limitation of implementation of NSA power classes by basically disables some of the signalling and allow different power classes. There is no limitation of UE indicated power class and should be applied to indications both PC2/PC3. 
Issue 1-3-2: Option 1. Yes. Even at the starting stage of this problem, explicit signalling was regarded as somehow a baseline. Not to say, in LTE there is already similar signalling for reference. 
It is still acceptable for Rel-15 scheme to be reused. However, it seems that current Rel-15 scheme is regarded as a temporary solution that can be improved in Rel-16 from the beginning. 


	Nokia
	Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
No (option 2), as the UE requirements for TxD are not specified. First solid UE requirements need to be specified in RAN4.

Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
First RAN4 needs to develop solid Rel-16 UE requirements for TxD. Release independent aspect can only be discussed and decided once there is agreement on the requirements and related assumptions. E.g. if lots of relaxations are requested and Rel-16 agreements and approaches are not followed, it is not really possible to define release independent approach. If Rel-16 requirements and assumptions are agreed as basis, then it could be considered that the Rel-15 UEs could also be allowed to support TxD based on the Rel-16 requirements.

Issue 1-1-3: Whether NR SA-alone UE indicating PC2 in the UE_NR-Capability (ue-PowerClass) and compliant with PC2 requirement for 2-layer transmission can be allowed to fall back to PC3 for 1-port transmission?
No (option 2), we should follow the same agreement  as made under the eMIMO work item: SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO (if supported)

Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
No further relaxations should be agreed for MPR without measurements/simulations (option 3?) . In any case already now UEs need to meet the regulatory requirements ( UL MIMO emission regulatory requirements apply to UE level)  with the current MPR requirements
Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements?
No change to the baseline MPR as it would allow relaxations for all the UEs (option 2)

Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?  (i.e. For a UE indicating PC2 and supporting two SRS ports in SA but only one SRS port in NSA, UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.)
No (option 2). The following confusion sentence in the general Transmitter characteristics section 6.1 should be removed: “Unless otherwise stated, if UE indicates IE maxNumberSRS-Ports-PerResource = n2 in NR standalone operation mode,  the said UE shall meet the NR requirements for either power class 2 or power class 3 in EN-DC within FR1 if UE indicates IE maxNumberSRS-Ports-PerResource = n1 for EN-DC on this NR band.” The UE requirements should be defined in a clear and explicit manner.

Issue 1-3-2: Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16?
No (option 2). Also before discussing any signaling aspects RAN4 should first discuss and decide all the related requirement aspects

	T-Mobile USA
	Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
We are fine with Option 1 “yes” as long as the requirements for MPR for PC2 is not increased. If more MPR is needed for TxD PC2 then it really isn’t PC2 and needs a new PC defined that is between PC3 and PC2. We are fine with alternative lower cost implementations, but not if they lower the requirement bar for PC2. 
Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
Although our answer for issue 1-1-1 is yes, TxD being release independent from R15 is also acceptable for us, the requirements can be defined in Rel-16, and test cases in RAN5 is aligned and the PC2 MPR is not increased. 
Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
MPR needs to be revised in such a way that MPR is not increased for 23+23 dBm = PC3 UL MIMO and 26 + 26 dBm = PC2 UL MIMO. The best way is to define a new power class that is in between PC2 and PC3. 
Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements? 
Option 1: No. If there are millions of UEs on the market already, what is the problem? If MPR does have to be relaxed, then a new power class needs to be defined to distinguish between real PC2 UEs and UEs that need the increase MPR. 
 Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?
We think no, it should not be kept because it creates ambiguity, but we acknowledge there is little chance of reaching consensus to remove it at this point.
Issue 1-3-2: Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16?
Option 1 Yes. We think that the ambiguity of a UE that can declare the capability of PC2 for a given band and PC2 for intra-band EN-DC but cannot achieve PC2 for EN-DC needs to be resolved in Rel-16. Likewise, a UE that does not implement Tx diversity cannot declare PC3 for SA NR for a band and PC2 for UL MIMO in that band. One approach to avoid ambiguity would be to create a new power class between PC2 and PC3. Then the network would know that the UE is achieving PC2 with one or two PAs.

	Apple
	Issue 1-1-1: TxD could be allowed if the combined power of all antennas is used together with transmit intermodulation. The UE should comply to all regulatory requirements without additional relaxations.
Issue 1-1-2 Due to the substantial impact of TxD on UE behavior it requires considerable adjustments in the spec. Also, TxD requirements are not specified yet and the specific signaling is missing in Rel-15. Therefore, we believe that it should not be a release independent feature and applied to Rel-15.
Issue 1-1-3: A UE should not be allowed to autonomously fall back to PC3 without the NW knowing. It should meet all the requirements belonging to the power class which was signaled to the NW.
Issue 1-2-1: The current proposals for UL-MIMO MPR are based on adapted simulation assumptions and not on measurements. Therefore, we would favor option 3.
Issue 1-2-2: Option 2

	NTT DOCOMO, INC.
	Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
OK with option 2: As in R4-2008213 (Huawei);.
[Reason] MPR for PC2 with 2Tx can be revisited but not for PC3 since it would be difficult for PC2 UE to meet 3dB tighter emission requirements with 23dBm transmission power per antenna connecter, but not would be difficult for PC3 UE to meet 3dB tighter emission requirements with 20dBm transmission power per antenna connecter.

Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements? 
Option 2: no (except for PC 2 single port transmission with two antenna connecters.) 
[Reason] Same reason as above mentioned in Issue 1-2-1.


 
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

	R4-2006955
(R&S)
	Ericsson: two ports can be the scope of Rel-15, but SRS switching could require a specific provision.

	
	Huawei: SRS antenna switching should be considered.

	
	Rohde & Schwarz: We don’t understand the comments, during the last meetings several discussions on this topic happened and so far the consensus seemed to be that the UE will have a maximum of 2 antenna connectors. Are you now implying that UEs may use more connectors for UL MIMO or Tx diversity, so the UE has more than 2 Tx chains? Also that would needing to monitor more than 2 Tx connectors during testing.

	
	Anritsu: We would also like to have more clear image with the possible maximum number of antenna ports and connectors on the UE. From comments of Ericsson and Huawei above, my interpretation is as follows. We appreciate if they are confirmed.
Maximum number of antenna connectors on a UE = Depends on the UE implementation (i.e. more than two is possible.)
Maximum number of simultaneously active antenna connectors = 2 connectors, but can switch by SRS switching.
Maximum number of antenna ports = Depends on the UE implementation.
Maximum number of active antenna ports = 2 ports depending on operation modes. 

	
	vivo: We support this CR and also share R&S response that intention of clarification is the Tx antenna connector numbers. This was already reach consensus in last meeting, though not officially into WF. Further revision and clarification can be done before agreeable.

	
	

	
	

	R4-2007075
(OPPO, EVM)
	Ericsson: we agree the requirements for single-port transmissions apply per connector

	
	Huawei: Agree with the proposed changes to apply the requirements at each antenna connectors.

	
	Motorola Mobility:  The assumption here seems to be that even if transparent diversity is not defined, it is certain that if EVM is met per antenna connector then the resulting noise floor at the gNB will be less than this EVM. From R4-2008276, we are not certain that this is correct, at least on a per receive antenna basis.

	
	Intel: Wording needs some clarification. Since there could be one port is down and could not be tested. The wording needs to be ‘apply to each antenna connector with non-zero transmission power’ or similar wording

	
	

	
	

	R4-2007035
R4-2007036
(Ericsson, UL-MIMO)
	 OPPO: This is for Rel-16, and it depends on the introduction of new PC for two layers, this is still under discussion.
Another CR R4-2007035 is for Rel-15 UL MIMO, is depending on the conclusion of Rel-15 power class between UL MIMO and single antenna port. At this moment power class is defined under single antenna port is not acceptable. Can discuss further later.

	
	Ericsson: note that the Rel-15 version in R4-2007035 is not identical, the Rel-15 version does not contain the proposed UE power capability for two-layer transmissions.

	
	Huawei: disagree with the changes of the UL MIMO configuration, not sure which codebook will be utilized in the test. TxD shall be considered in the CR as well.

	
	Samsung: We don’t see the necessity for the paragraph “When PUSCH is scheduled for single-layer transmission using TPMI 0 or 1 according to Table 6.2D.1-2, the output power shall be 3 dB less than the maximum output power given by Table 6.2D.1-1, as is specified in [8] subclause 7.1.” Since it is well captured in 38.213 for Rel-15 behavior, and from RAN4 perspective, only MOP requirement should be captured and it is not the case MOP is achieved, so no reason to capture it in clause 6.2D.

	
	Intel:  Not sure how ue-PowerClass is used. Looks like it is the power class for single SRS port configuration. Is this RAN4 common understanding or agreement? How about UL-MIMO power class?
 The following sentence is confusing, not clear PPowerClass = PC2 or PC3? What ue-PowerClass represent? Why ΔPPowerClass = -3dB? What do the dual antenna-port transmissions refer to, UL-MIMO or TxD? 
“For UEs indicating power class 3 in the ue-PowerClass field of the UE-NR-Capability IE and compliant with the requirements 6.2D.1-1 for power class 2 for dual-layer transmission, ΔPPowerClass = -3 dB for PUSCH configured for dual antenna-port transmissions.”

Suggest consolidating 7036, 8047 (Qualcomm), 8215(HW) for UL-MIMO CR  

	
	Rohde & Schwarz: For clarification, I think we need to be precise in our wording. E.g. when measuring spurious emissions, we used to measure only the Tx connector that was actually under use. With the new wording, it seems the intention is to measure all UE connectors. Is that truly the intention? Modern UEs may have 8, 10 or more connectors, do we really need to measure emissions on all of them? If yes, that is fine, but will exponentially increase the test time.

	
	Anritsu: Share the same concern with R&S regarding the spurious emission measurement from the PoV of test time and system costs..

	
	vivo: New UL MIMO configurations were not discussed and many controversial issues.

	
	T-Mobile USA: We somewhat agree with the approach in this CR that has UEs that implement PC2 UL MIMO with two 26 dBm PAs still have to meet the existing PC2 non-MIMO MPR. However, we are concerned that this CR would give UEs an easy out to meet the MPR/emissions requirements by declaring their capabilities such that they only have to meet the requirements for increase MPR. Also, this CR doesn’t consider the fact that if the UE is using 2x23 dBm TxD to achieve PC2 it will also require additional MPR such as what is being proposed for UL MIMO. It would be better to create a new PC that can be used for 2x23dBm PC2 UEs for UL MIMO and TxD.

	
	NTT DOCOMO, INC: Need to change from “each antenna connecter” to “sum of antenna connecters” for Transmit OFF power and Tx intermodulation.

	R4-2008047
(Qualcomm, UL-MIMO)
	Ericsson: the fallback behavior should be specified for all requirements (e.g. behavior if the UE is scheduled with DCI 0_0 when configured with UL-MIMO). Unwanted emissions: measure per connector against 3 dB tighter requirements as an alternative? 

	
	Huawei: CR should consider clarification of TxD requirements, otherwise, prefer no changes except for the unwanted emissions as well as the MPR revisions.

	
	Intel: Suggest consolidating 7036, 8047 (Qualcomm), 8215(HW) for UL-MIMO CR

	
	T-Mobile USA: We cannot agree with relaxing the MPR for all implementations of UL MIMO. In LTE UL MIMO MPR was always the same as non-MIMO MPR for the same power class. We see no need to change that. UEs with UEs with 2x26 dBm PAs should still meet the PC2 non-MIMO MPR and those with 2x23 dBm should still meet the requirements for PC3 non-MIMO MPR. Not sure why PC3 MPR is changing compared to PC3 non-MIMO. Is this for 2x20 dBm? Up till now PC2 has always provided 2.5-3 dB more power than PC3. With this proposed change PC2 would only provide in most cases 1.5 dBm more power than legacy PC3, so it isn’t really PC2. 

	
	NTT DOCOMO, INC: Need to change from “each antenna connecter” to “sum of antenna connecters” for Transmit OFF power.

	R4-2008215
(Huawei, UL-MIMO)
	Ericsson: this CR implies that a UE implementing 23 + 23 dBm and advertising PC2 is not compliant. The addition of “single layer” in the fallback condition does not change anything (and two layers on a single port would not be possible).

	
	Huawei: The CR just made the necessary changes for UL MIMO, i.e. unwanted emissions, revised MPR and some corrections. 

	
	Intel: Not sure why note 2 and note 3 in the table are needed?
Suggest consolidating 7036, 8047 (Qualcomm), 8215(HW) for UL-MIMO CR  

	
	T-Mobile USA: Not sure why DFT-s-OFDM MPR is included for UL MIMO. Isn’t DFT-S-OFDM single layer only? Also for CP-OFDM we don’t agree to the relaxation compared to PC2 non-MIMO. 

	
	NTT DOCOMO, INC: Need to change from “each antenna connecter” to “sum of antenna connecters” for Transmit OFF power and Tx intermodulation.

	R4-2008260
(vivo)
	Ericsson: this change should be considered together with other changes

	
	Huawei: can be considered together with other necessary changes.

	
	Intel: Suggest considering new MPR from 8047 (Qualcomm) and 8215 (HW).

	
	T-Mobile USA: We are OK with this change. 

	
	

	R4-2008259
(vivo, NSA)
	OPPO: Support this CR. And we also have a same CR R4-2007079 under Agenda 6.11.1.2, can be handled together.

	
	Ericsson: not agreed, see comments on issue 1-3-1.

	
	Huawei: best way is to introduce new power class for NR band in MR-DC combination, but can accept the aligned changes for Rel-16 as well.

	
	Intel: Mirror CR is to follow MCC procedure. But in Rel-16, we need to have better power class declaration solution to address the issue by considering UL-MIMO, one SRS port transmission, and NR power class in EN-DC.

	
	Vivo: This category A CR is submitted based on secretary’s requirements based on the procedure. Different Rel-16 scheme can be added after it be applied. 

	
	T-Mobile USA: We don’t agree with the CR. We understand this is a Category A CR but don’t understand why it is being submitted now instead of when the Category F CR was approved. Seems like the Rel-16 needs to fix the ambiguity instead of adding the same Rel-15 ambiguity into Rel-16.

	
	

	R4-2007037
(Ericsson, NSA)
	OPPO: Not ok with this change.

	
	Huawei: Disagree with the changes.

	
	CMCC: Not agree

	
	Intel: Same with 8282. How to resolve the 23dBm + 26dBm PAs? What PC should be in ue-PowerClass?

	
	Vivo: Not agree. The reason was provided before.

	
	T-Mobile USA: We are OK with the changes.

	
	

	R4-2008282
(Qualcomm, NSA)
	 OPPO: Not ok with this change.

	
	 Huawei: Disagree with the changes.

	
	CMCC: Not agree

	
	Intel: Same with 7037. How to resolve the 23dBm + 26dBm Pas? What PC should be in ue-PowerClass?

	
	Vivo: Not agree. The reason was provided before.

	
	T-Mobile USA: We are OK with the changes.

	
	

	R4-2006749
(CMCC)
	NTT DOCOMO, INC: Need to change from “each antenna connecter” to “sum of antenna connecters” for Transmit OFF power and Tx intermodulation.



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#1-1
	Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE, i.e. MOP measured as sum of power from all NZP antenna connectors?
Option 1(Yes): OPPO, CMCC, LGE, Huawei,  vivo, [Apple]
Option2 (No): Qualcomm, Samsung, Ericsson, Intel, Nokia, [T-mobile USA]
Still no consensus and six companies for each option. For option 1, sustained supporting argument is TxD as an implementation and also previously agreed way to achieve PC2 through 23+23, thus should not be precluded. For option 2, The main argument is it is already too late for Rel-15 and the changes involved by TxD are not trivial. 
It is already generally accepted that Rel-15 RAN4 requirements are incomplete/ambiguous. Technical discussion in how to do test TxD is also proceeding, but some discussions are undergoing in Rel-16 eMIMO agenda.

Issue 1-1-2: if the answer to Issue 1-1-1 is “no”, whether TxD can be release independent from Rel-15?
Option 1(Yes): OPPO, Huawei, CMCC, [LGE], Intel, vivo, [T-mobile USA]
Option2 (No): [Ericsson], Samsung, Apple
Option3 (Depends): Qualcomm, Nokia
Seven companies generally show support or interests for define TxD as release independent as a possible compromise (some with precondition). Two companies (Samsung, Apple) believe not appropriate while one company (Ericsson) show doubt. Two companies (Qualcomm, Nokia) believe that only after Rel-16 requirements is set and clear, then release independent can be discussed. 
It seems that this could be a possible WF, however, questions and concerns remains, particularly on in what condition, the TxD can be applied as release independent. 

Issue 1-1-3: Whether NR SA-alone UE indicating PC2 in the UE_NR-Capability (ue-PowerClass) and compliant with PC2 requirement for 2-layer transmission can be allowed to fall back to PC3 for 1-port transmission?
Option 1(Yes): OPPO, LGE, MediaTek, Intel, [vivo], 
Option 2(No): Ericsson, Huawei, Qualcomm, [Samsung], CMCC, Nokia, Apple 
Five companies chose option 1 and seven chose option 2. This is also related with previous issue.

Tentative agreements:
Candidate options:
Recommendations for 2nd round: 
Continue discussion for the condition on which a release independent is possible. Check the current progress of requirements discussion to see how well the condition could be met. 
Continue discussion on Issue 1-1-3, also on spec status, the relation to previous issues and seek possible compromise.

	Sub-topic#1-2
	Issue 1-2-1: With the R15 UL MIMO emission requirements apply to UE level instead of each antenna connector, how the MPR should be revisited?
Option 1 (R4-2008046,Qualcomm): OPPO, [Huawei],Qualcomm, Samsung, LGE, Intel, vivo, 
Option 2 (R4-2008213, Huawei): Huawei, NTT Docomo
Option 3 (Other values): Skyworks, Apple, Nokia, T-mobile USA

Seven companies basically prefer the requirements in option1. Among four companies prefer option 3, two of them (SKW, Apple) propose measurement should be done before setting up requirements and also remind people of ongoing discussion in 29dBm WI, other two companies show cautious on current proposed numbers and suggest either tighter or no relaxation.
In addition, there is a debate on whether 1 layer should be considered or not between the two proponents of the option 1 &2. Qualcomm argues that the agreed WF in last meeting for UL-MIMO emissions and MPRs only covers UL-MIMO.

Issue 1-2-2: Whether MPR need to be revisited for Rel-15 single antenna port requirements? 
Option 1(Yes): Huawei,
Option 2 (No): OPPO, Ericsson, Qualcomm, Samsung, LGE, Intel, [vivo], Nokia, T-mobile USA, Apple, NTT Docomo
All but one company choose option2. The basic thinking is the requirements of basic Rel-15 UE which only support 1Tx should be kept unaffected. One company argued that MPR needed for TxD should be also be considered if agreed for Rel-15, and TxD is conceptually also single antenna port.

Recommendations for 2nd round:
Continue discussion on the necessity and possible work plan of measurements for MPR study of R15 UL MIMO requirements. 
Discuss the whether 1 layer should be considered or not in the study.
Confirm that the MPR of Rel-15 UE for 1Tx should not be affected by current discussion.

	Sub-topic#1-3
	Issue 1-3-1: Whether the current REl-15 RAN4 clarification of NSA NR power class should be kept?  (i.e. For a UE indicating PC2 and supporting two SRS ports in SA but only one SRS port in NSA, UE is allowed to comply with either NR PC3 or PC2 when configured EN-DC.)
Option 1 (yes): OPPO, Huawei, CMCC, LGE, Intel, vivo, 
Option 2 (no): Ericsson, Qualcomm, Samsung, Nokia, T-mobile USA
Six companies chose option 1 while five chose option 2.

Issue 1-3-2: Whether to introduce explicit signalling for the NR power class in MR-DC mode in Rel-16? 
Option 1(Yes): OPPO, Huawei ,Samsung, LGE, Intel, vivo, T-mobile USA
Option 2 (No): [Ericsson], Qualcomm, Nokia
Seven companies chose option 1. Three companies chose option2, among them 2 objections and 1 suspicious. 

Recommendations for 2nd round:
For Rel-15, further discuss the clarification impact.
For Rel-16, It is proposed to consider explicit signaling, and more detailed proposals could be provided.

	Sub-topic#1-4
	Issue 1-4-1: Whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme in this Agenda?
Option 1 (yes): [Ericsson], Qualcomm, Intel, 
Option 2 (no): OPPO, Huawei, [Samsung], LGE, Samsung, Anritsu
Three companies chose option 1 while six for option 2. There is still debate on the necessity, meaning, of this evaluation, and more clarification is asked.

Issue 1-4-2: Observations and EVM measurement at the UE antenna connectors and the EVM observed at the output of a noiseless gNB receiver.
Observations and three methods.
Method 1 is deemed feasible by Ericsson, LGE, R&S, Anritsu
Method 2&3 is preferred by Qualcomm for close to real case.
In addition, there is also other proposal in the context of eMIMO that other EVM measurement method provided.

Recommendations for 2nd round:
Continual to collect further views on CDD based TxDiv evaluation.
Continual to collect views on EVM measurement. Confirm the feasibility of different Methods here if possible.



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

	#1
	WF on Power Class related UL MIMO and other requirements
	vivo





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

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

	R4-2006955
R4-2006956
(R&S)
	Returned to
These are fairly simple CRs, more comments could be tried in second round to see if agreeable.

	R4-2007075
(OPPO, EVM)
	Noted
No conclusion. There are also other EVM and UL-MIMO related papers.

	R4-2007035
R4-2007036
(Ericsson, UL-MIMO)
	Noted
Still controversial.

	R4-2008047
(Qualcomm, UL-MIMO)
	Noted
Still controversial.

	R4-2008215
(Huawei, UL-MIMO)
	Noted
Still controversial.

	R4-2008260
(vivo)
	Noted
Can be considered together with other necessary changes..

	R4-2008259
(vivo, NSA)
	Returned to
This is Category A CR while earlier Category F CR is already agreed in R4-1916137. This is submitted from procedure requirements. However, there is objections on this CR and no consensus. It is still suggested to be noted. We suggest the Chair and Sectary to notice this, if no more guidance, this is expected to be noted in the 2nd round.

	R4-2007037
(Ericsson, NSA)
	Noted
No agreement.

	R4-2008282
(Qualcomm, NSA)
	Noted
No agreement.

	R4-2006749
(CMCC)
	Noted
Related to TxD discussion an no conclusion yet.

	
	



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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Table 6.2D.2-2 Maximum power reduction (MPR) for power class 2 for UL MIMO+
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Table 4 Maximum power reduction (MPR) for power class 2 UL MIMO-
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["NOTE 1. The requirement shall be applied at each antenna connector
NOTE 2: For spectrum emission mask measurement, Resolution BW is 10% of the measurement BW
and the result should be integrated to achieve the measurement bandwidth
NOTE 3: For spurious emission measurement, the sweep time shall be set at least as (sweep

points)*(symbol length) to improve the measurement accuracy.~
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