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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. 
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 a UE can indicate PC2 even if not compliant with PC2 for all transmissions (single- and two-port) according to Rel-15 minimum requirements
· Whether a Rel-15 UL MIMO PC2 UE shall be able to generate 26dBm maximum output power (MOP, w/o TT) when configured for transmission on single-antenna port?
· Whether emission requirements shall apply to UE level instead of each antenna connector?
· Whether and how the MPR should be revisited?
· 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

	R4-2003011
	CMCC
	Proposal 1: It is no necessary for RAN4 to clarify the definition of PC2 UE. There is no ambiguity in the definition of power class in the current spec, and UE can be defined as PC2 only if the maximum output power is +26dBm in both UL-MIMO and single antenna port mode.
Proposal 2: It is no necessary for RAN4 to clarify the PA architecture of PC2 UE. The PA Architecture for PC2 UE with 2Tx including 23dBm+26dBm, 26dBm+26dBm and 23dBm+23dBm in Rel-15.
Proposal 3: For UE with two transmit antenna connectors, the sum requirements of the two transmit antenna connectors should apply.

	R4-2003012
	CMCC
	Draft CR for UL MIMO requirements

	R4-2003028
	Qualcomm Incorporated
	Observation 1: Two way forwards R4-1803259 and R4-1913067 are conflicting. 
Observation 2: Later WF [3] guides RAN4 not to specify tx diversity behaviour or any clarifications because of tx diversity implementation in Rel-15 specifications
Observation 3: Solutions to all problems exist but RAN4 needs to decide if tx diversity is specified or not. 
Observation 4: Instead of using language “measured as sum of each antenna connector” better language would be to refer to requirements being valid to a sum of both connectors
Observation 5: How to write a requirement for ACLR for 2 Tx UE’s in RAN4 is not clear 
Observation 6: EVM calculation method for 2Tx UE’s when tested from each connector will need carefull updates in RAN4 specifications
Observation 7: Specifying tx diversity as transparent to specification in Rel-15 would result in no validated RAN5 test procedures and no validated test implementation before that work is finalised.
Observation 8: Defining tx diversity requirements separately in to specifications simplifies work and release handling and ensures undisrupted RAN5 work.
Proposal 1: UE that declares PC2 as its power has to be able to produce 26 dBm regardless how many ports is has been configured for.  
Proposal 2: RAN4 considers collective handling of issues due to tx diversity implementation  
Proposal 3: Technical issues in LS [5] are addressed before agreeing any RAN4 spec changes
Proposal 4: RAN4 considerers maximum two TX ports for UE up to release 16
Proposal 5: Specify tx diversity as separate feature in Rel-16 and end discussion on any Rel-15 specification changes because of tx diversity 

	R4-2003249
	LG Electronics Polska
	Observation 1: In [2], there is an agreement that only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD band for PC2 UE in Rel-15.
Observation 2: Based on the observation 1, a UE can have different PA configurations in UE vendors’ implementation choices and this shouldn’t be restricted by 3GPP specification.
Observation 3: UEs supporting Rel-15 that have different PA configurations are on the market and some other UEs are still under development. Thus, RAN4 needs to be careful on any changes of the requirements in Rel-15 because it will have an impact on commercial UEs.
Observation 4: There is no strong objection about aligning the emission requirements with the regulatory and the main issue is about how to measure and check whether a UE pass or fail the requirements.
Observation 5: There are three possible options to test the changed emission requirements.
1. Compare the current emission requirements in Rel-15 to a total sum power of all connectors
2. Compare the current emission requirements in Rel-15 to power of one antenna connector with addition of 3dB
3. Compare 3dB tightened Rel-15 emission requirements to power of one antenna connector
Observation 6: It would be more efficient in testing time if the UE can follow the same procedure for testing the emission requirements of UL MIMO although it is aligned with the regulatory requirements.
Observation 7: Generally, MPR requirement itself is related to SE and SEM requirements.
Observation 8: The topic of power class signaling for Rel-16 will be discussed in eMIMO topic.
Observation 9: If RAN4 cannot find a solution to avoid power ambiguity in Rel-15, then introducing a signaling may be one of possible options in Rel-16. 
Proposal 1: RAN4 should keep the proposal of having PA configuration of 23+23dBm for PC2 UL-MIMO and the option 1 in power class ambiguity slide of [1] should be considered.
Proposal 2: RAN4 should take the option 3 in the observation 5 for testing the changed emission requirements of PC2 UL MIMO.
Proposal 3: MPR requirement should be revisited if the emission requirements are changed with the regulatory.

	R4-2003536
	Samsung
	Issue-1: Transparent Tx Diversity:
Observation 1: Current RAN4/5 requirement could not enable UE implementation with transparent TX diversity. 
Observation 2: Considering the expected big revision of introducing Transparent TxD in RAN4/5 specification, it is not appropriate to introduce such revision to Rel-15 specification. 
Observation 3: RAN4 agreement exists (1) Transparent TxD UE behavior is not specified in Rel-15 RAN4 core requirements; (2) whether/how to enable transparent TxD in RAN4/5 requirement should be discussed in Rel-16 scope. 
Proposal 2: For transparent TxD, RAN4 adopt the compromise that no change to Rel-15 specification and provide necessary revision to RAN4/5 specification to enable transparent TxD UE behavior in Rel-16. 
Issue-2: Power Class 2 HPUE for SA:
Observation 4: Date back to RAN4 agreement in Y2018, the PA configuration of 23+23dBm for UL MIMO shall be allowed to be one of PC2 HPUE implementation, with 
    - 23dBm MOP for 1TX and 26dBm MOP for 2TX UL-MIMO (23dBm+23dBm);
    - Transparent TxD was not considered in that agreement. 
Proposal 3: For SA PC2 UE, RAN4 adopt the compromise that
- In Rel-15, SA UE with PA configuration of 23+23dBm declaring PC2 shall be allowed to have 23dBm MOP for 1TX as long as its support of 2TX UL-MIMO (23dBm+23dBm). 
- From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO (23dBm+23dBm) if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode. 
Note: 1TX transmission is scheduled by DCI_0_0 or DCI_0_1 with 1 layer and 1TX port. 
Issue-3: Power Class 3 HPUE for NSA:
Proposal 4: For NSA PC2 UE, RAN4 adopt the compromise that
- In Rel-15, the agreed CR R4-1916137 shall be kept; 
- From Rel-16 and beyond, NSA UE declaring PC2 NSA HPUE shall have 26dBm MOP for 1TX and 2TX UL-MIMO (23dBm+23dBm) if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode.
Note: 1TX transmission is scheduled by DCI_0_0 or DCI_0_1 with 1 layer and 1TX port. 
Issue-4: UL-MIMO Emission Requirement:
Proposal 5: For UL-MIMO emission requirement, no change should be introduced in Rel-15 specification. 

	R4-2003865
	Ericsson
	Correction of transmitter characteristics for UL-MIMO: powerclass 2 and fallback

	R4-2003866
	Ericsson
	Remove power-class ambiguity for UL-MIMO PC2 capable UE configured for EN-DC

	R4-2003903
	OPPO
	UE power capability
Observation 1:    UE power class is the max power that UE supports.
Observation 2:   UE power class is defined separately in the spec, which cannot justify that UE power class shall be same for different modes, instead, the straight forward understanding is UE power class can be different for different modes.
Observation 3:   Only one power class is signaled in RAN2, which makes it difficult to distinguish UE power capability in single antenna port and UL MIMO. And UE declaration based method also seems not agreeable.
Observation 4:   No critical problem caused by power class reporting ambiguity has been found for SA.
Observation 5:   No critical problem caused by power class reporting ambiguity is expected for NSA.
Proposal 1:         It is proposed to keep Rel-15 spec unchanged.
Proposal 2:      Inform RAN5 that the power class reported is the max power that UE can achieve in either single antenna port mode or UL MIMO mode or both.
UE power testing
Observation 6:   RAN5 can accommodate the proposal 2 above, i.e. the different UE power capability testing can be done based on UE declaration.
Observation 7:   Current RAN4 agreement “TxD requirement is not defined in RAN4 Rel-15 specs” just shown the status of RAN4 spec, it does not say anything about how to treat UEs with TxD.
Observation 8:   Efforts in specifying TxD in RAN4 has been failed, re-specifying TxD in RAN4 seems not practical in this stage. Instead, RAN5 could take the flexibility to accommodate the TxD UE implementation.
Proposal 3:         Inform RAN5 about the TxD status in RAN4 and ask RAN5 to further discuss how to test UE with TxD implementation.

	R4-2003904
	OPPO
	LS on Rel-15 power class

	R4-2004045
	vivo
	CR to 38.101-1: UL MIMO MPR reference table (R15)

	R4-2004046
	vivo
	CR to 38.101-1: UL MIMO MPR reference table (R16)

	R4-2004047
	vivo
	Observation 1: According to R15 RAN4 specs, for UE supporting UL MIMO, the maximum output power (MOP) is measured as the sum of the maximum output power at each UE antenna connector.
Observation 2: According to R15 RAN4 specs, for UE supporting UL MIMO, this MOP needs to be tested with “2-layer UL MIMO transmission with codebook of[image: ]” and “transmission on single-antenna port”. 
Observation 3: according to description in section 6.2D.1 of 38101-1 V15.8.2, Rel-15 UE supporting NR SA UL MIMO with 23+23dBm PAs can meet MOP of PC2 (26dBm) with TxD, while PC3 (23dBm) without TxD.
Observation 4: Option1 requires substantial enhancements to current specs to accommodate HPUE with 23+23 PAs w/o TxD. 
Observation 5: Option2 haven’t substantial difference from current specs. While the wording in [5] was considered as controversial and couldn’t be agreed by the meeting.
Proposal 1: not making any specification changes for relevant Rel.15 RAN4 specs. 
Proposal 2: inform RAN5 about proposal 1 and observation 1~2 as RAN4’s common understanding. Please see draft LS in [6].

	R4-2004048
	vivo
	Draft LS on clarification of ENDC power class in R15

	R4-2004049
	vivo
	Draft Reply LS on further discussion of the testability of FR1 Tx diversity

	R4-2004211
	Keysight Technologies UK Ltd
	Proposal 1: Before considering the possibility of transparent TX diversity in Rel-15, a thorough analysis of the impact on currently validated test systems and test cases should be performed in order to assess the implications for connectivity, demodulation and measurement.

	R4-2004691
	Apple Inc.
	Proposal 1: Whether to introduce proper signalling to distinguish UEs featuring fully rated Tx chains from UEs which achieve PC2 through Tx diversity should be studied. This potential new signaling should be considered in Rel-16.
Proposal 2: Introduce special MPR for Tx diversity and UL MIMO as already proposed in other contributions. 
Proposal 3: Measurements for defining Tx diversity MPR should consider reverse modulation and antenna isolation similar to how it is done for EN-DC band 41/n41.

	R4-2004732
	Huawei, HiSilicon
	Observation 1: The requirements are available for a MIMO capable UE configured for transmission on single antenna port. 
Observation 2: The ambiguity of power class is not a core requirement issue, essentially a measurement issue.
Observation 3: The discussion on update of the Tx UL MIMO requirements can be decoupled with the clarification of power class issue. 
Observation 4: A transition period should be considered by RAN5 for putting the test cases into effect based on revised requirements.

	R4-2004733
	Huawei, HiSilicon
	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.

	R4-2004735
	Huawei, HiSilicon
	Draft CR on Rel-15 UL MIMO requirements

	R4-2004736
	Huawei, HiSilicon

	Observation 1: From the clarification of Rel-15 specification, the common understanding of the group 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.

	R4-2004821
	Qualcomm Incorporated
	Summary of issues related to power class ambiguities and tx div

	R4-2003330
	Anritsu Corp.
	In this contribution we considered consequences of applying transparent transmit diversity concept and influences to the verification scheme under its situation.
Observation 1: An impact to the measurement result which is caused by sum of noises from all the measured antenna connectors may vary depending on the total number of antenna connectors.
Observation 2: In a case we introduce the transparent transmit diversity feature in the Rel-16 UE, we might have to apply a bigger measurement uncertainty value and test tolerance even to the existing single carrier test cases to avoid defining test requirement separately. In that case we also may have an impact to the regulatory requirements in each country.
Observation 3: RAN5 does not have an actual estimation of the MU values with test cases which may be affected by transparent Tx diversity feature, and do not have information associated to an acceptable maximum number of antenna connectors, neither.
Observation 4: To introduce the transparent transmit diversity feature, some studies are necessary to establish a way to calculate measurement results and a scheme to derive verdicts which always satisfies the test procedures regardless of the variety of transparent transmit diversity schemes and the number of antenna connectors after measuring per antenna connector.
Proposal 1: Companies are encouraged to bring views and experimental results for the factors below to facilitate the discussion of transparent transmit diversity. Other factors are not precluded.   
· Maximum acceptable number of antenna connectors from the measurement uncertainty point of view
· A scheme to derive verdicts under the condition which the active antennas are unknown
· A way to combine EVM measurement results after measuring per antenna connector
· A way to equalize acquired data before calculating EVM
· Measurement uncertainty factors other than noise impact

	R4-2003217
	Intel Corporation
	In this contribution, we discuss the potential performance issues related CDD based transparent Tx diversity. 
We have following observations and proposals.
Observation 1: Under V2X channel models with high correlation, CDD scheme based TxDiv has worse performance than single TX scheme.
Observation 2: Further increase of cyclic delay leads to more performance loss vs the case of the single Tx antenna scenario.
Observation 3: In NR, 130ns TAE generates 13 nulls in 100MHz channel BW in a LoS channel.
Proposal 1: CDD based TxDiv should be evaluated against 1 Tx antenna scheme in the following aspects:
1) under various typical channel models with low and high antenna correlations.
2) If 130ns TAE needs to be modified?
3) what is the cyclic delay range on top of TAE?
4) all NR CBWs need to be considered.



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
Sub-topic description:
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 “yes”, whether a Rel-15 UL MIMO PC2 UE shall be able to generate +26dBm maximum output power (MOP, w/o TT) when configured for transmission on single-antenna port?
· Proposals
· Option 1: yes
· Option 2: no
· Recommended WF
· TBA

Issue 1-1-3: if the answer to Issue 1-1-1 is “no”, whether a Rel-15 UL MIMO PC2 UE shall be able to generate +26dBm maximum output power (MOP, w/o TT) when configured for transmission on single-antenna port?
· Proposals
· Option 1: yes
· Option 2: no
· Recommended WF
· TBA

Issue 1-1-4: Whether a UE can indicate PC2 even if not compliant with PC2 for all transmissions (single- and two-port) according to Rel-15 minimum requirements
· Proposals
· Option 1: yes
· Option 2: no
· Recommended WF
· TBA

Sub-topic 1-2
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 1-2-1: Whether R15 UL MIMO emission requirements shall apply to UE level instead of each antenna connector?
· Proposals
· Option 1: yes
· Option 2: no
· Recommended WF
· TBA

Issue 1-2-2: if the answer to Issue 1-2-1 is “yes”, whether and how the MPR should be revisited?
· Proposals
· Option 1: no
· Option 2: yes, if as table 4 in R4-2004733
· Option 3: yes, other values 
· Recommended WF
· TBA

Sub-topic 1-3
Sub-topic description: questions of incoming RAN5 LS R5-198688/R4-1916132
Open issues and candidate options before e-meeting:
a) Issue 1-3-1: Define requirements for FR1 Tx diversity and clarify whether the requirements apply at a UE or at the antenna connector level. 
· Proposals
· Option 1: the requirements for FR1 Tx diversity shall apply at UE level, including output power, emission etc.
· Option 2: others 
· Recommended WF
· TBA

b) Issue 1-3-2: Confirm that the RAN5 assumption of a maximum of 2 UL antenna connectors for Tx diversity is correct.
· Proposals
· Option 1: yes, RAN4 have the same understanding that maximum number of UL antenna connectors for Tx diversity is 2 for Rel-15. It is also recommended that consideration of the same 2 UL antenna connectors as UL MIMO can be used as the starting point for an UL MIMO capable UE.
· Option 2: others 
· Recommended WF
· TBA

c) Issue 1-3-3: Clarify whether the FR1 Tx diversity applies from Rel.-15 or Rel.-16.
· Proposals
· Option 1: the discussion in this LS is for Rel-15.
· Option 2: others 
· Recommended WF
· TBA

Sub-topic 1-4
Sub-topic description:
Open issues and candidate options before e-meeting:
d) 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


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

	CMCC
	Sub topic 1-1: 
Issue 1-1-1: Yes, For the implementation of TxD,  “No specific requirements for TX diversity is written in RAN4 specification” ,  but this does not mean that RAN4 does not support transparent TXD. As stated in R4-1816615, How to configure for PC2 transmission on single-antenna port is up to UE implementation. From CMCC’s perspective, Transmission diversity (TxD) should be allowed as UE implementation for Rel-15 PC2 UE.
Issue 1-1-2: Yes. UE can be defined as PC2 only if the maximum output power is +26dBm in both UL-MIMO and single antenna port mode.
Issue 1-1-3: For 23+26 and 26+26 PA architecture, it's easy for such PC2 UE to grnerate +26dBm MOP when configured for transmission in single antenna port mode
For 23+23 PA architecture, UE cannot be able to generate +26dBm without TxD implementation. Considering that some UEs are based on 23+23 RF architecture, RAN4 need to allow such UEs to generate +26 in single antenna port mode through the TxD implementation.
Issue 1-1-4: No. UE indicates PC2 in the case that +26dBm can be transmitted as MOP in single antenna port mode. 

Sub topic 1-2:
Issue 1-2-1: Yes. For UE with two transmit antenna connectors, the sum requirements of the two transmit antenna connectors should apply.
Issue 1-2-2: MPR requirements rexlation should only be on the edge RB allocations if it is needed

Sub topic 1-3:
Issue 1-3-1: Option1, the sum requirements of the two transmit antenna connectors should apply.
Issue 1-3-2: Yes, the maximum number of UL antenna connectors for Tx diversity is 2 for Rel-15.
Issue 1-3-3: Option1, TxD for Rel-15


	Ericsson
	Sub-topic 1-1:
Issue 1-1-1: Option 2, a transparent TxD implementation is not “forbidden” by the 38.101-1, but a UE advertising PC2 shall meet PC2 requirements as measured at the antenna connector for single-port transmissions according to the current version of the specification (whether or not transparent TxD is implemented), not by MOP measured as a sum across the antenna connectors 
Issue 1-1-3: Option 1, the UE shall meet the PC2 requirement for single-port transmission as measured at the antenna connector as specified in clause 6.2.1, which does not specify the MOP requirement as a sum across connectors (this has other consequences to be considered in the Rel-16 FP work).
Issue 1-1-4: Option 2
Other comments: why is it important that the 23 + 23 dBm UE advertises PC2 if this cannot be met for all transmissions according to the Rel-15 specifications? Then there is a risk of a 3dB loss when the unaware gNB configures single-port transmissions in the field. This is the most important issue, not declarations in conformance specifications. All the issues can be avoided if
· this UE advertises PC3 in the NR band capability for Rel-15 (ue-PowerClass)
· but is allowed to meet PC2 for two-layer transmissions with PHR set accordingly
Moreover, by introducing a new capability “PC-2layer” for Rel-16 the gNB can be made aware of the two-layer capability (can also be used by a Rel-15 UE as most gNB would read the capability bits if sent regardless of the release). There would be no ambiguity for NSA since the UE indicates a power class consistent with all Rel-15 requirements for SA. The gNB should not have to compare MIMO capabilities in SA and NSA only to find out that the power class indication may be ambiguous as implied by the current 38.101-3! Something is wrong. 
Remark that changes for Rel-15 must be consistent with the Rel-16 FP modes since Rel-15 behavior is assumed if no FP mode is configured for PUSCH by the gNB. The FP capability indication is still FFS (per band or feature set etc). 
Sub-topic 1-2:
Issue 1-2-1: Option 1 if “UE level” means in accordance with regulatory guidance, but measurements could still be carried out per connector against a 3 dB tighter unwanted emissions requirement (for two connectors) and the ACLR requirement according to the power class supported
Issue 1-2-1: Option 3 (or Option 2), MPR changes can be considered.
Sub-topic 1.3:
Issue 1-3-1: Option 2, the MOP requirements are measured as a sum across all connectors for two-layer transmissions (independent transmissions on the layers/connectors) as per 6.2D.1 and per antenna connector for single port transmission as per 6.2.1 (single-port fallback)
Issue 1-3-2: Option 2, two TX connectors to be considered in the Rel-16 FP work item
Issue 1-3-3: Rel-16, requires major changes to the specifications (not only a MOP measurement)
Sub-topic 1-4:
Issue 1-4-1: Option 1, this has to be considered in the Rel-16 FP work items as some UE implementations may use small-delay CDD to randomize phase across two connectors with single-port/layer transmissions.


	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?
Considering 1) there are already UEs on the market;  2) without changing specifications, not sure how to verify transparent TxD.
So for Rel-15, we select Option 2: No
Issue 1-1-3: if the answer to Issue 1-1-1 is “no”, whether a Rel-15 UL MIMO PC2 UE shall be able to generate +26dBm maximum output power (MOP, w/o TT) when configured for transmission on single-antenna port?
Based on WF (R4-1803259),  Option 1 - Yes
Issue 1-1-4: Whether a UE can indicate PC2 even if not compliant with PC2 for all transmissions (single- and two-port) according to Rel-15 minimum requirements
Option 1: No
Sub topic 1-2:
Issue 1-2-1: Whether R15 UL MIMO emission requirements shall apply to UE level instead of each antenna connector?
How to address the UEs already on the market or under production if they cannot meet?
Issue 1-2-2: if the answer to Issue 1-2-1 is “yes”, whether and how the MPR should be revisited?
Option 3: yes, values need further work.
Sub topic 1-3:
Issue 1-3-1: Define requirements for FR1 Tx diversity and clarify whether the requirements apply at a UE or at the antenna connector level. 
Option 1: the requirements for FR1 Tx diversity shall apply at UE level, including output power, emission etc.
Issue 1-3-2: Confirm that the RAN5 assumption of a maximum of 2 UL antenna connectors for Tx diversity is correct.
Option 1: yes, RAN4 have the same understanding that maximum number of UL antenna connectors for Tx diversity is 2 for Rel-15. It is also recommended that consideration of the same 2 UL antenna connectors as UL MIMO can be used as the starting point for an UL MIMO capable UE.
Issue 1-3-3: Clarify whether the FR1 Tx diversity applies from Rel.-15 or Rel.-16.
Rel-16 and beyond but under the condition that we need fully evaluate TxDiv as proposed in R4-2003217 
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. We believe RF requirement like TAE has big impact on CDD based transparent TxDiv performance. Since NR has channel BW up to 100MHz in FR1, RAN4 needs to study if current 130ns TAE for UL-MIMO can be reused for transparent TxDiv. 
[To Qualcomm] We are talking about RF requirement (TAE) for transparent TxDiv. So it is exactly within the scope. If transparent TxDiv is introduced without any RF requirement discussion, why do we need to discuss transparent Tx diversity here? 
[To Huawei] If RF requirement has issue identified to enable transparent TxDiv, RAN4 needs to fix it anyway. Otherwise, transparent TxDiv could be broken in the field.

	T-Mobile USA
	Issue 1-1-1: We all know about the Way Forward that indicated 23 dBm + 23 dBm was a valid option for PC2 UL MIMO, but was the work done to show that two 23 dBm PAs can meet the 31 dB ACLR required for PC2 without more MPR? Were measurements done to show that two 23 dBm PAs can meet the EVM and IBE requirements for PC2 including the impact of reverse intermodulation without more MPR? Was the work done to show that two 23 dBm PAs can meet the emissions mask requirements without more MPR? In LTE PC3 UL MIMO was implemented with two 23 dBm PAs each backed off by 3 dB so there would be no problem meeting the PC3 requirements for UL MIMO. For LTE PC2 the baseline was two 26 dBm PAs each backed off by 3 dB so there would be no problem meeting the requirements for PC2 UL MIMO. It is not obvious to us that two 23 dBm PAs can meet the PC2 UL MIMO requirements without more MPR.  
Unless someone can show us that the above work including two Tx measurements have been done, we choose Option 2. 
Issue 1-1-3: Option 1: Yes
Issue 1-1-4: Abstain.
Issue 1-2-1: Option 1: Yes. We believe this is s regulatory issue. 
Issue 1-2-2: Option 1: No. The requirements can be met with two 26 dBm PAs backed off by 3 dBm. MPR relaxation should be considered in Rel-16 and only for UEs that signal that they achieve PC2 UL MIMO via 23 dBm + 23 dBm. We do not want to allow more MPR for UEs that achieve PC2 UL MIMO via 26 dBm + 26 dBm PA configuration.   
Issue 1-3-1: Option 1
Issue 1-3-2: Option 1
Issue 1-3-3: Applies to Rel-16
Issue 1-4-1: Abstain

	OPPO
	Issue 1-1-1: Option 1, yes.
RAN4 has agreed that “TxD requirement is not defined in RAN4 Rel-15 specs” but actually it just shown the status of RAN4 spec, it does not mean UE cannot implement TxD.
Whether MOP is measured as sum of power from all NZP antenna connectors, in our understanding this can be handled by RAN5 testing. And we observed that some solutions like measuring UE power based on each antenna connector have been shown in last RAN5 meeting to accommodate the TxD without big impact.
Issue 1-1-2: Option 2, No.
Reason has been explained many times before and we believe all people understand that there was agreed WF which says 23+23 UL MIMO is PC2, regardless whether it supports TxD or not. 
Besides, what we observed in RAN4 spec is that UE power class is defined as the max power UE supports and UE power class is defined separately in the spec one in basic mode the other in UL MIMO mode. No justification can be found that UE power class shall be same between basic mode and UL MIMO mode, instead, it says “If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.1 apply” the straight forward understanding is UE power class can be different for different modes and no restriction on the max power capability between the two.
Issue 1-1-3: Option 2, no
Issue 1-1-4: Option 1, yes.
We observed there might be some potential issues in specifying TxD in RAN4 and might be same issue in RAN5 if measured as sum of power. If supporting TxD by RAN4 or RAN5 is considered difficult, then our understanding is that allowing UEs to declare different power capability between single mode and UL MIMO could be a possible compromised way to accommodate 23+23 UL MIMO UE. 
Issue 1-2-1: Option 1, yes.
Issue 1-2-2: Option 2, yes
Values can be further discussed, but shall be revisited.
Issue 1-3-1: Option 2
In our understanding this is test specific issue and can be discussed in RAN5 whether measure in connector level or UE level as long as the requirements for TxD is clear. And actually requirements can be antenna connector based or UE level based as UL MIMO does.
Issue 1-3-2: Option 1, yes.
Issue 1-3-3: Option 1
Our preference is apply from Rel-15.

	SoftBank
	Sub-topic 1-2:
Issue 1-2-1: Option 1. From the regulatory perspective, it should be option 1.
Sub-topic 1-3: 
Issue 1-3-1: Option 1. Basically requirements should be based on the sum of all transmit antenna connectors when the multiple transmit antenna connectors are used in the transmission.

	Qualcomm
	Sub-topic 1-1
Issue 1-1-1: Option 2 = no tx div in rel-15. While in principle we are not against tx div and we were the first company providing a comprehensive CR to enable transparent tx div, today we see it is too late and too disruptive to RAN5 work to add transparent tx div to Rel-15. 
Issue 1-1-2: Option 1 = yes, UE should be able to transmit same power regardless of the number of ports configured
Issue 1-1-3: Option 1 = yes.
Issue 1-1-4: Option 2 = no. 
Sub topic 1-2
Issue 1-2-1: Option 1, UE level.
Issue 1-2-2: No. However, we are not opposing a simulation campaign if proper simulation assumptions are agreed. Same work needs to be done for Rel-16 if so decided. Sofar we have only seen one company proposal for MPR table but no simulation or measurement results that would allow anyone to reproduce the results and no technical explanation why this would be needed. 
Sub topic 1-3
Issue 1-3-1: Option 1
Issue 1-3-2: Rel-15, UL MIMO is defined for 2 layers in ran4 specs. There is no diversity hence only one port for rel-15. 
Issue 1-3-3: Option 2. Our view is that transparent tx diversity should be worked on in Rel-16 but even for that release it is very late. Decision on which release should be made when agreeable set of requirements is available. The key element in LS is the refered RAN5 document R5-198687 and Ran4 should have view on all the issues.  
Sub topic 1-4
Issue 1-4-1: The question is not clear since it talks about 1Tx antenna, connector or port? We assume question is, if tx div is specified, will CDD be part of evaluation on how to write requirements? For this, we answer yes with the note that this may be complicated e.g. for EVM and spectrum flatness. Building common understanding how to define requirements should be RAN4 focus instead of spending time discussing what is supported and what not and what release. To us, this discussion seems more like a scoping of new Work Item than discussion on technical requirements. 


	R&S
	Issue 1-1-1: If yes should be agreed, the issues from RAN5 LS on Tx diversity need to be solved first, otherwise there will be no way to properly test the devices. This may have large impact on existing spec, test system, etc.
Issue 1-2-1: For clarification of option 1: Does this mean a) all Tx connectors for the band under test; b) all Tx connectors (independent for which band they are used in the UE); c) all UE connectors (Tx and Rx)? Depending on the understanding, this will affect measurement times and uncertainties.
Issue 1-3-1: Same question as for Issue 1-2-1. For some requirements, it may be not to difficult to sum them up over several antenna connectors (e.g. emissions), for several others (e.g. EVM), it needs to be discussed on how to measure them across multiple connectors, in case this is the preferred way forward. Also Tx diversity impact on testing of non-Tx requirements (Rx, Demod, RRM) needs to be studied.
Issue 1-3-2: Since there is so far no discussion on having more than 2 UL connectors for a given band in RAN4, confirm to RAN5 that 2 UL connectors is the maximum for at least Rel-15 and Rel-16. This should ideally be captured as part of 38.101-1 to avoid confusion in the future.
Issue 1-3-3: Same answer as for Issue 1-1-1. The specification issues and also testing issues pointed out by several TE vendors in this and past meetings need to be solved first, then this feature can be introduced. This may have however major impact on the specification.
In general, as already stated in previous meetings, we share similar concerns as shown by Anritsu and Keysight.

	Apple
	Issue 1-2-1: The difference between PC2 UL MIMO with 2x23dBm Tx chains and 2x26dBm is that the first configuration operates in higher PA saturation, as there is no 3dB backoff for each Tx chain. This causes increased emissions. Furthermore, the contribution of r-IMD should be considered. The additional non-linear distortion from this effect adds to the emission count. Therefore, we think that it cannot be avoided to consider the emissions of all antennas.
Issue 1-2-2: With using the emissions from all antennas the MPR has to be revisited. A study should be made based on measurements as simulations cannot account for r-IMD. There is a proposal from T-Mobile USA (R4-2004639) addressing this issue for PC1.5 UL MIMO. This proposal could be used as a basis for defining a measurement campaign for PC2 UL MIMO and Tx diversity.

	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: Yes, there is no restriction for implementing TxD but we don’t know how to test it in Rel-15.
Issue 1-1-2: if the answer to Issue 1-1-1 is “yes”, whether a Rel-15 UL MIMO PC2 UE shall be able to generate +26dBm maximum output power (MOP, w/o TT) when configured for transmission on single-antenna port?
Option2: no
Since Rel-15 PC2 UL-MIMO UE can be supported by 23dBm + 23dBm, it can’t be mandated to generate 26dBm on single antenna port
Issue 1-1-4: Whether a UE can indicate PC2 even if not compliant with PC2 for all transmissions (single- and two-port) according to Rel-15 minimum requirements
Option 1: yes, Rel-15 PC2 UL-MIMO UE can be supported by 23dBm + 23dBm and there is also agreement that only PA configurations of 23dBm + 23dBm for UL MIMO.
Issue 1-2-1: Whether R15 UL MIMO emission requirements shall apply to UE level instead of each antenna connector?
Option1: yes, since it related to regulatory issue, it is better to change the UL MIMO requirements in Rel-15 but RAN4 first needs to discuss how to test the changed emission requirements.
Issue 1-2-2: if the answer to Issue 1-2-1 is “yes”, whether and how the MPR should be revisited?
Both option 2 and option 3
Issue 1-3-1: Define requirements for FR1 Tx diversity and clarify whether the requirements apply at a UE or at the antenna connector level. 
Option 1: the requirements for FR1 TxD shall apply at UE level, including output power, emission etc.
Issue 1-3-2: Confirm that the RAN5 assumption of a maximum of 2 UL antenna connectors for Tx diversity is correct.
Option 1
Issue 1-3-3: Clarify whether the FR1 Tx diversity applies from Rel.-15 or Rel.-16.
Option 1

	Huawei
	Sub topic 1-1: 
Issue 1-1-1: Yes. TxD definitely is allowed in Rel-15. As agreed by RAN4, how to achieve the indicated power class is up to UE implementation.
Issue 1-1-2: Yes
Issue 1-1-3: It depends on UE implementation architecture. For single antenna port, UE cannot deliver 26dBm for 23+23 without Tx Div. For 23+26dBm implementation, 26dBm MOP can be achieved.
Issue 1-1-4: Agree with the demand from operators

Sub topic 1-2:
Issue 1-2-1: Option 1, emissions is applied at UE level, but the test of emissions can alternatively performed at each antenna connector with 3dB tightened requirements.
Issue 1-2-2: Option 2, Yes, we propose for additional 0.5dB MPR for PC2 edge RB allocation. 

Sub topic 1-3:
Issue 1-3-1: Some requirements are defined at UE level, e.g. emissions, MOP, but some can be defined at antenna connector, e.g. EVM.
Issue 1-3-2: Option 1
Issue 1-3-3: Option 1, from Rel-15

Sub topic 1-4:
Issue 1-4-1: Tx div is up to UE implementation, no need to have further evaluation at this late stage.

	Nokia
	Sub-topic 1-1
Issue 1-1-1: Option 2 (no). Rel-15 PC UE should meet all the PC2 UE requirements without additional relaxations. This, however, not been the case in the discussions. Also, the UE requirements should be testable, which currently isn’t the case for transparent Tx diversity. RAN4 has been discussing this issue for long time without agreements resolution and even the last RAN plenary discussed the issue without finding any agreement. Thus, it is important to ensure Rel-15 specification stability and develop UE requirements for transparent Tx diversity in the Rel-16 RAN4 UE requirement specifications and then in Rel-16 also enable related tests to be developed by RAN5.
Issue 1-1-2: If transparent Tx diversity requirements are introduced, then Option 1 (yes) should be followed as the PC2 UE has to meet the PC2 requirements regardless of transmission mode and number or antenna ports.. 
Issue 1-1-3: Option 1 (yes). The PC2 UE has to meet the PC2 requirements also for the single layer transmission with single antenna port as required by the current Rel-15 UE requirements.
Issue 1-1-4:  Option 2 (no). PC2 UE has to meet the PC2 requirements regardless of transmission mode and number or antenna ports.  
Sub topic 1-2
Issue 1-2-1: Option 1 (yes),. The RAN4 UL-MIMO emission requirements should be corrected so that they meet the regulatory requirements. Ideally the correction should be done in Rel-15 but we can also accept as a compromise that the specifications are corrected in Rel-16. In any case already Rel-15 UEs need to meet the regulatory requirements.
Issue 1-2-2: Option 1 (no). The UE needs to meet the regulatory requirements anyway. Thus, this correction does not justify for further UE Tx power relaxations. If good justification with associated simulation results indicate that certain specific adjustments to the MPR numbers are needed, these updates can be discussed.
Sub topic 1-3
Issue 1-3-1: Option 1
Issue 1-3-2: Option 2, Tx diversity requirements are not defined in the current Rel-15 NR UE requirements.
Issue 1-3-3:  Option 2, RAN4 should develop Tx diversity requirements in Rel-16.

	vivo
	Sub-topic 1-1:
Issue 1-1-1: Option 1, Yes.  TxD is one type of implementation which is widely discussed and considered. Current specs already suggest that MOP of UL MIMO UE shall be measured as sum of power from all antenna connectors for both 2-layer and single port configuration.
Issue 1-1-2: Option 1. Yes. 26dBm are also needed for single port requirements.

Sub-topic 1-2:
Issue 1-2-1: Option 1 Yes.  Emission requirements should apply to UE level to reflect regulatory requirements. Whether measurements based on sum or “per-connector -3dB” can be further considered.
Issue 1-2-2: Option 2 or Option 3.

Sub-topic 1.3:
Issue 1-3-1: Option 1. 
Issue 1-3-2: Option 1
Issue 1-3-3: Option 1. 

Sub-topic 1-4:
Issue 1-4-1: Option 2, No. It is proposed to reach high level common understanding first e.g. whether or not TxD is allowed in R15? Etc. Then discuss other details.

	Samsung
	Sub topic 1-1: 
Issue 1-1-1: If the question is about transparent TxD is allowed or not allowed in Rel-15, our answer is no, and pls. refer to our paper or our answer to Issue 1-1-2/3. If the question is whether or not UE with 23dBm PA +23dBm PA (which can have 26dBm MOP for UL-MIMO but 23dBm MOP for single port transmission) can claim its support of PC2 in Rel-15, our answer is it should be allowed for Rel-15 but not allowed in Rel-16 as a compromise. This is presented as P3 in our paper R4-2003536: 
“Proposal 3: For SA PC2 UE, RAN4 adopt the compromise that
    - In Rel-15, SA UE with PA configuration of 23+23dBm declaring PC2 shall be allowed to have 23dBm MOP for 1TX as long as its support of 2TX UL-MIMO (23dBm+23dBm). 
    - From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO (23dBm+23dBm) if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode. 
Note: 1TX transmission is scheduled by DCI_0_0 or DCI_0_1 with 1 layer and 1TX port.”

Issue 1-1-2/3: No. Transparent TxD is not allowed in Rel-15 due to unsolved testing issue and clear RAN4 resolution (achieved after multiple-meeting-cycle discussion, as served as the end to this discussion as common understanding), i.e., “Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements”). Furthermore, We should admit the fact that current RAN4/5 requirement could not enable UE implementation with transparent TX diversity, and the required revision work is not trivial. With this understanding, a Rel-15 UL MIMO PC2 UE shall NOT be able to generate +26dBm maximum output power (MOP, w/o TT) when configured for transmission on single-antenna port. 

Issue 1-1-4: For Rel-15, the exception will be given to UE with 23+23dBm PA which can only have 26dBm MOP in UL-MIMO. From Rel-16 and above, this exception should not be provided anymore which is the proposed compromise by considering the historic agreement and better principle we should follow.  

Sub topic 1-2:
Issue 1-2-1: No. Rel-15 requirement should be kept as stable as possible. Rel-15 has been completed for nearly 2 years, and it is not reasonable to revisit Rel-15 emission requirement with millions of Rel-15 UE are already on the market.
Issue 1-2-2: new Option 4 (Change emission requirement to UE level only from Rel-16, and accordingly MPR requirement should be revisited.) Emission requirement revisit can be done in Rel-16 TEI, and MPR should be reevaluated accordingly in Rel-16 TEI scope. The MPR proposal in R4-2004733 is a good start but need more discussion. 

Sub topic 1-3: 
Transparent TxD is discussed in Rel-16 scope and no change should be applied to Rel-15 spec. The below answers are applied only if RAN4 decide to enable transparent TxD in Rel-16 scope. 
Issue 1-3-1: Option-1 (but only for Rel-16 UE)
Issue 1-3-2: yes (Rel-16 eMIMO already have the assumption of 2TX similarly)
Issue 1-3-3: Only for Rel-16 and above. 

Sub-topic 1-4: 
Issue 1-4-1: The evaluation in R4-2003217 contains valuable analysis, but it is hard to have a clear baseband based analysis to conclude CDD based TxD is better or not against 1TX, because of the following reasons: 
- Correlation (in this analysis high correlation is used) is predominant factor and hard to be aligned for simulation assumption; 
- For some cases, transparent TxD is for generate higher MOP which is not achievable by 1TX. In other words, even with the conclusion that CDD based TxD is no better than 1TX, we still can’t preclude the use case for transparent TxD. 

	MediaTek
	Sub topic 1-1: 
Issue 1-1-1: 
Issue 1-1-2: 
Issue 1-1-3: No strong view on Issue 1-1-1~3 to be yes or no. Only one power class was reported for NR, UE shall meet requirements for the power class no matter how UE implements such as UL MIMO, TX diversity…etc. For example, if UE declare PC2 with 23+23 PA architecture, either UE can pass requirements for all capabilities UE support without additional MPR, or RAN4 need to specify new MPR for such PA architecture.
Issue 1-1-4: Option 2 (no). PC2 UE has to meet the PC2 requirements regardless of UE implementation.

Sub topic 1-2:
Issue 1-2-1: Yes. 
Issue 1-2-2: option 2.


	NTT DOCOMO, INC.
	Issue 1-2-1: Option 1 (yes),
Issue 1-2-2: Option 1 (no). We prefer no change of MPR but we are OK to study if needed.


	Skyworks
	1-2-1: yes  UL MIMO req apply at UE level
1-2-2: as shown in last meeting impact of R-IMD should be considered and impact on MPR assessed for high order modulation at least and also edge allocations. PC2 requirements shall apply to a UE declaring PC2 for UL MIMO
1-3-1: Requirement shall apply at UE level but test may be feasible per connector by scaling the requirement
1-3-2: max 2 UL antennas (if UL MIMO and intra band NC CA with 2 PA is not allowed for rel 16)


 
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

	R4-2003012
	 Ericsson (R4-2004960) not agreed, measurements across multiple antenna connectors for single-port transmissions represents a major change to the specification

	
	Intel: 1) The sentences throughout the CR like “the sum requirements of the two transmit antenna connectors in clause 6.x.x apply.” are not technically correct.  There is no “sum requirements”. Suggest to use the following sentence “the requirements 6.x.x apply to the sum power of both transmit antenna connectors”. 2) It is not clear which power class requirements to use

	
	Qualcomm: We identified three problems:
1) Rel-15 change impact is too big for RAN5
2) This implies transparent tx div and then the problem is there also in Rel-16 on how to distinguishe the UE’s with and without the tx div
3) It is not clear how to read this since the changes are in UL MIMO section, so would the requirements apply to UE when it is configured for two SRS ports or one since the sentence is pointing to general requirements 

	
	Vivo: support as editorial improvement. Current specs already suggest that MOP of UL MIMO UE shall be measured as sum of power from all antenna connectors for both 2-layer and single port configuration.

	
	Samsung: Only change 6.xD is not enough since without to enable transparent TxD in fundamental requirement 6.x, or at least big revision to RAN5 test case mapped from 6.2, transparent TxD is not enabled, so 23+23dBm UE can’t generate required PC2 in these test cases. 
“the sum requirements of the two transmit antenna connectors in clause 6.2.1 apply” is not correct expression to be understood.

	
	NTT DOCOMO, INC: Why transmit OFF power is specified at each antenna connecter?

	R4-2003865
	CMCC: For UEs indicating power class in the ue-PowerClass field of the UE-NR-Capability IE, the power class of UL MIMO or single-antenna port mode should be the same.

	
	 Intel: 6.2D.2: 1) “respective power class” is not clear. If MPR refers to UL-MIMO power class, then for single layer one port transmission, additional 3dB should be added. MPR table needs to be evaluated. 6.2D.3, the same issue as in 6.2D.2


	
	SoftBank: Carefull study is needed before agreeing this CR since the proposal in this CR changes the current common understanding that the power limit of PC3 UE is 23dBm.

	
	Qualcomm: This should be Re-16 change. Technical issues in the CR:
The applicability of the MPR needs to be clarified, how is UE configured for when this MPR is valid? May need TPMI and SRS port configuration for explanation. 
The power class relaxation should follow the agreement on the corresponding discussion. 
This CR now enables tx diversity for UL MIMO UE’s by referring to 6.2.1 but the RAN5 interpretation of 6.2.1 is still one antenna connector, change is needed in 6.2.1 or preferably in 6.1.  
EVM is referred to single connector but this may not provide correct results for all implementations. 

	
	Huawei: 
1. Disagree with “For UEs indicating power class 3 in the ue-PowerClass field of the UE-NR-Capability IE, the UE shall meet the requirements 6.2D.1-1 for either power class 2 or power class 3.” and similar changes.
2. The 2 layer codebook is for measurement configuration, and it has been used for many requirements. In our view, no need to introduce additional one layer TPMIs. 
3. The changes for Pcmax part is related to 6.2D.1. Currently, the power class does not distinguish single antenna port of UL MIMO mode. 
some different proposed changes can refer to R4-2004735

	
	vivo: not agree. This have put unnecessary restriction for implementation.

	
	Samsung: (1) MOP requirement should not be applied to the case in which UE can’t generate maximum power because of the power scaling in TS38.213, so the MOP test on single layer DCI_0_1 is not needed. Similarly in Rel-16 eMIMO, we can introduce MOP test on some new cases is only because maximum power is achievable with the help of ULFPTx feature. 
(2) For Rel-15 PC2 UE with 23dBm+23dBm PA architecture should be allowed to have 3 power relaxation for single port transmission (by DCI 0_0 or by DCI 0_1 when the UE is configured for single port operation). RAN4 can discuss to remove the 3dB relaxation in Rel-16, but previous agreement for Rel-15 should be followed.  

	
	NTT DOCOMO, INC: Why transmit OFF power is specified at each antenna connecter?

	R4-2003866
	CMCC: For PC2 EN-DC,  The WI (TDD+TDD PC2 EN-DC) was completed last year. We recommend that the conclusion remain unchanged in Rel15 spec (R4- 1916137_ Clarification of ENDC power class in R15)

	
	Qualcomm: We support this correction. The sentence does not mean anything alone and based on discussion, the relaxation is not agreeable anymore.

	
	Huawei: The clarification should be remained unchanged

	
	vivo: not agree. The current clarification is a result of long discussion and have considered certain implementation.

	
	Samsung: RAN4 need to discuss as a package for Rel-15 SA/NAS and Rel-16 SA/NSA.

	R4-2004045
	 Ericsson: not agreed, other changes needed depending on the capability discussion and measurements of unwanted emissions

	
	Samsung: the change itself is agreeable, but may need to be considered with other necessary change as a package. 

	
	

	R4-2004735
	 Ericsson: not agreed, this CR implies that 23 + 23 dBm advertising PC2 is not compliant, the requirements in 6.2.1 apply per antenna connector. The MPR changes can be considered but values need further discussions.

	
	Qualcomm: Do not agree with this CR, this complicates issue even further by creating dependence of antenna connector reference plane and power class. MPR numbers have no justification. 

	
	Samsung: The change on unwanted emission can be discussed only from Rel-16.

	
	NTT DOCOMO, INC: Why transmit OFF power and occupied BW are specified at each antenna connecter?



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
	Companies have wide different views on listed issues: 
Issue 1-1-1: Whether transmission diversity (TxD) is allowed as UE implementation for Rel-15 UL MIMO PC2 UE.
Option 1(Yes): CMCC, OPPO, LGE, Huawei, vivo, Samsung(R15)
Option2 (No): Ericsson, Intel, T-mobile USA, Qualcomm, [R&S], Nokia
For option 1, basic supporting argument is TxD as an implementation should not be precluded, and RAN4 requirements are possibly already general enough to incorporate different scenarios. 
For option 2, main points are requirements are too vague and incomplete. Especially testing spec cannot ensure a UE with TxD could be properly tested. Further work, at least for RAN5, would be needed before TxD could be validated in conformance testing. The details are still not very clear and can be non-trival, and it’s already quite late for Rel-15. 
Note: For better consistency, companies listed for Issues 1-1-2/3 are consistent with their choice for 1-1-1. 

Issue 1-1-2: if the answer to Issue 1-1-1 is “yes”, whether a Rel-15 UL MIMO PC2 UE shall be able to generate +26dBm maximum output power (MOP, w/o TT) when configured for transmission on single-antenna port?
Option 1(Yes): CMCC, Huawei, vivo
Option2 (No): OPPO, LGE, Samsung

Issue 1-1-3: if the answer to Issue 1-1-1 is “no”, whether a Rel-15 UL MIMO PC2 UE shall be able to generate +26dBm maximum output power (MOP, w/o TT) when configured for transmission on single-antenna port?
Option 1(Yes): Ericsson, Intel, T-mobile USA, Qualcomm, Nokia

Issue 1-1-4: Whether a UE can indicate PC2 even if not compliant with PC2 for all transmissions (single- and two-port) according to Rel-15 minimum requirements.(Whether it should be mandatory aligned for MOP for both single and two-port transmissions in case of PC2):
Option 1(Align): CMCC, Intel, Ericsson, Qualcomm, Huawei, Nokia, MTK
Option 2 (Not necessarily align): OPPO, LGE, Samsung(R15)
It is noted that this issue is interrelated with previous ones, since some companies who choose option 1 here have TxD as an implementation option, thus difficult to be treated alone.

Recommendations for 2nd round: 
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
Companies are suggested to discuss on the options in 2nd round. 

	Sub-topic#1-2
	Companies are close to consensus on these issues.
Issue 1-2-1: Whether R15 UL MIMO emission requirements shall apply to UE level instead of each antenna connector?
Option 1(Yes): All but two companies
Option 2(No). Samsung, Intel
There still two companies show concern on this major revision for Rel-15 for devices already in market and one company suggest to keep R15 as it is. However, all other companies agree that regulatory guidance should be followed and thus emission requirements should be “UE level”. It is expected that some schemes could be arranged to ease this concern, from a proper new MPR, and/or some other arrangements to ensure considering existing devices.
Issue 1-2-2: if the answer to Issue 1-2-1 is “yes”, whether and how the MPR should be revisited?
Option 1(No): T-mobile USA, Qualcomm, Nokia, NTT Docomo, Samsung
Option 2 & 3 (Yes): CMCC, Ericsson, Intel, OPPO, Apple, LGE, Huawei, vivo, MTK, Skyworks
Option 4(Start changing from Rel-16): Samsung
Though still some companies chose Option 1 which is not prefer any MPR changes, three of them are still open to simulations and/or analysis on this scheme. One company’s concerns are on different MPR option for different implementation, which may not be a serious issue since MPR itself is a range which is already adaptive to implementation. One company try to put everything in Rel-16. 
In all, generally it is widely accepted that “UE level” requirements can still be applicable even in Rel-15 for regulatory reasons, and MPR can be re-evaluated and set.

Recommendations for 2nd round:
Confirm that R15 UL MIMO emission requirements shall apply to UE level, and new MPR re-evaluation is needed.

	Sub-topic#1-3
	Company are close on previous two issues:
Issue 1-3-1, Define requirements for FR1 Tx diversity and clarify whether the requirements apply at a UE or at the antenna connector level. 
It appears that companies still have different understanding on this RAN5’s question. Majority understanding is that the current requirements applicability is “UE level” which is aligned with sub-topic 1-2, while a few think this means whether the measurement should be done “per-antenna connector” or “per UE by doing sum”, which is just started yet.
It is believed that RAN5’s concern should be the previous one, which is the requirements’ applicability. How to do measurement is further details and not the intention of this question. 
So it is proposed to provide an answer of RAN4 requirements for TxD should apply at a UE level. Whether test could be done at antenna connector level by offset the requirements by a certain level e.g. 3dB is still open.

Issue 1-3-2: Confirm that the RAN5 assumption of a maximum of 2 UL antenna connectors for Tx diversity is correct.
All companies accept this, for the release (Rel-15 or Rel-16) that TxD is applied. 

Issue 1-3-3: Clarify whether the FR1 Tx diversity applies from Rel.-15 or Rel.-16.
This was the same situation with Issue 1-1-1 in subtopic 1-1. Companies have different understandings on what release should be applied for TxD. It has been emphasized by some companies that further work is needed for RAN5 before actual testing could be done.
Rel-15: CMCC, OPPO, LGE, Huawei, vivo,
Rel-16: Ericsson, Intel, T-mobile USA, Qualcomm, Nokia, Samsung

Recommendations for 2nd round:
Try to reply RAN5 an LS, at least for the previous two questions. The last issue could be based on the outcome of Sub-topic 1-1;

	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?
Companies still have different understanding on the question and the intention of the evaluation.  One typical supportive view is that this evaluation may be useful for better understanding CDD based TxD and developing requiremnts. while one typical concern is that TxD would anyway be used to utilize the transmission power of multiple links thus no need to further justify its necessity.

Recommendations for 2nd round:
Since this is the first time it has been raised, more comments could be gathered. Since this may not have direct impact on other topics, decision is not hurry in this meeting.



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



	#2
	Draft Reply LS on further discussion of the testability of FR1 Tx diversity
	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  

	XXXAll the CRs in section 1.3.2
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”Based on 1st round of comments, it seems that no CR could be agreed in this meeting and also no one can serve as baseline for revision. So it is proposed to note all the CRs previously listed in section 1.3.2.



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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