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1	Introduction
In RAN#92 meeting, an WID [1] was agreed in which a TR document the agreements were agreed.
In RAN4#100-e meeting, the skeleton of TR 38.837 was submitted [2].
This paper provides the text proposals for performance part of the TR based on the TR skeleton. The contents are aligned with Annex part, but not all the sections have been completed. 
2	References
[1] [bookmark: _Hlk60761037]RP-211587, New WID on UE RF requirements for Transparent Tx Diversity (TxD) for NR, Nokia, Qualcomm, RAN#92
[2] [bookmark: _GoBack]R4-2114358, TR 38.837 skeleton for Transparent Tx Diversity, vivo, Qualcomm, Huawei, RAN4#100-e
3	Text Proposal to TR 38.837
--------------Start of text proposal -------------


4	TxD Basic Requirements
Editor’s note: This clause intends to summarize the key part of technical agreements and related background of basic requirements for TxD. 
[bookmark: _Toc78447700]4.1	Antenna number and declaration
[bookmark: _Toc78447625]4.1.1	Agreements
Only two antenna connectors were considered for TxD feature. 
UE declares which connectors will be active per band under test. TE needs to detect ACK and NACK and any other expected response from UE from all declared TX antenna connectors.
· The word “active” can be replaced by “used for TxD during one test procedure”. (Not necessarily to have transmission all the time.)
· UE declaration needs to describe exact two antenna connectors under test.
[bookmark: _Toc78447626]4.1.2	Study process
Only two antenna connectors were considered for TxD feature and this has been used in multiple cases and appeared in multiple WFs.
The earliest case can reference to agreed WF R4-2005652 for eMIMO in RAN4#94-e-bis, in which the following agreements were made:
· If transparent TxD is used in Scenario-1:
· Transmission come out from two antenna connectors;
In RAN4#97-e meeting, in [R4-2016959] and a WF [R4-2016830] was also agreed. The agreements reached are as following:
· Declaration for Default TX Connector
· UE declares which connectors will be active per band under test. TE needs to detect ACK and NACK and any other expected response from UE from all declared TX antenna connectors.
· The word “active” can be replaced by “used for TxD during one test procedure”. (Not necessarily to have transmission all the time.)
· UE declaration needs to describe exact two antenna connectors under test.
In agreed MPR evaluation assumptions R4-2105331, two antennas are also confirmed in :
· RF assumptions: 
· 4dB post PA losses
· 10dB antenna isolation
· Equal power and Equal back-off power split for the two antennas


[bookmark: _Toc78447701]4.2	Summation for Power and Emission
[bookmark: _Toc78447628]4.2.1	Agreements
RAN4 agree to define requirements for MOP and emission so that power is measured correctly for all implementations, including UE with transparent TxD:
· Use “requirements are defined as the sum of powers from both connectors”. 
· This shall be interpreted as: Measure the power and emissions per connector and then sum them up afterwards.
· RAN4 will clean-up all requirements related to summing the powers and emissions, including UL MIMO, UL full power transmission requirement. 
[bookmark: _Toc78447629]4.2.2	Study process
This issue has been discussed for how to write emission requirements for several meetings, and gradually an agreement has been made in the agreed WF R4-2011768 in RAN4#96-e in which the following agreements were made:
Summing the Powers and Emissions
· RAN4 agree to define requirements for MOP and emission so that power is measured correctly for all implementations, including UE with transparent TxD:
· Use “requirements are defined as the sum of powers from both connectors”. 
· This shall be interpreted as: Measure the power and emissions per connector and then sum them up afterwards.
· RAN4 will clean-up all requirements related to summing the powers and emissions, including UL MIMO, UL full power transmission requirement. 


[bookmark: _Toc78447702]4.3	Transmit modulation quality
[bookmark: _Toc21344322][bookmark: _Toc29801808][bookmark: _Toc29802232][bookmark: _Toc29802857][bookmark: _Toc36107599][bookmark: _Toc37251365][bookmark: _Toc45888213][bookmark: _Toc45888812][bookmark: _Toc59650112][bookmark: _Toc61357380][bookmark: _Toc61359154][bookmark: _Toc67916092][bookmark: _Toc78447631]4.3.1	Error Vector Magnitude
[bookmark: _Toc45888004][bookmark: _Toc45888603][bookmark: _Toc59649884][bookmark: _Toc61357148][bookmark: _Toc61358922][bookmark: _Toc67915859][bookmark: _Toc75533402][bookmark: _Toc75819287][bookmark: _Toc76508131][bookmark: _Toc76717081][bookmark: _Toc78447632]4.3.1.1	Agreements
For TxD, the latest agreements are as following:
· Proposals: 
· Option 1: As in agreed WF R4-2008465
· 
· Option 2: As in R4-2107369:
· 
· Option 3:  RAN4 considers to update the endorsed draft CR for UL Tx diversity EVM measurement method with the method presented in R4-2107112. (R&S)
· Agreements(GTW): 
· Option 2
· For UL MIMO, Option 3 or options along those lines can be further considered. Once a solution is agreed, RAN4 can discuss from which release onwards it applies
[bookmark: _Toc78447633]4.3.1.2	Study process
Originally there was a different agreement from the final one. In agreed WF R4-2008465 in RAN4#95-e as following:
Issue 3-3-4: EVM for Transparent TxD
· Agree EVM defined as 
· 
In RAN4#96-e, new scheme was proposed in R4-2011519, and the EVM discussion was re-started, there is one agreed WF R4-2011768 in which the following agreements were made
EVM Requirement for Transparent TxD
· Background: 
· In RAN4#95e, RAN4 agree to define EVM for transparent TxD as: 
· 
· RAN4 further study new test method and EVM definition proposed in R4-2011519: 
· FFS whether or not to use new EVM definition to replace above definition.
· RAN4 agree the location in Specification to capture EVM definition for transparent TxD, as
· Annex F
After continuous discussion, in RAN4#98-e-bis, in the WF R4-2105330 is for general TxD and power class issue following agreements were made.
· CR related – EVM
· Proposals: 
· Option 1: As in agreed WF R4-2008465
· 
· Option 2: As in R4-2107369:
· 
· Option 3:  RAN4 considers to update the endorsed draft CR for UL Tx diversity EVM measurement method with the method presented in R4-2107112. (R&S)
· Agreements(GTW): 
· Option 2
· For UL MIMO, Option 3 or options along those lines can be further considered. Once a solution is agreed, RAN4 can discuss from which release onwards it applies

[bookmark: _Toc78447634]4.3.2	Spectrum flatness
[bookmark: _Toc78447635]4.3.2.1	Agreements
The agreements were as following:
· Agreements
· Based on R4-2108793 with the following updated equation for composite equalizer:

[bookmark: _Toc78447636]4.3.2.2	Study process
This issue has been raised in RAN4#99-e in R4-2108793, and agreements were documented in the agreed WF R4-210774.


[bookmark: _Toc78447703]4.4	Maximum output power reduction
[bookmark: _Toc78447638]4.4.1	General
[bookmark: _Toc78447639]4.4.1.1	Agreements
Editor’s note: The final requirements have not been completed yet.
It has been agreed that MPRs for UL-MIMO would need to be re-visited.
For MPR Requirement for Transparent TxD:
· RAN4 agree MPR defined for TxD is applied to the total output power rather than at each antenna connector
For TxD and UL-MIMO, it has been agreed:
· 2 Tx MPR should be the same MPR requirement for TX Diversity and UL MIMO for the same power class.
For eMIMO and ULFPTx related, The agreement reached is as following: 
· “Chair: It is agreed that one set of MPR requirements should be adopted for both UL MIMO (including ULFPTx) and TxD”
WF R4-2105331 is agreed MPR evaluation assumptions, and it is agreed that an evaluation is necessary to further progress the MPR work.
[bookmark: _Toc78447640]4.4.1.2	Study process
Editor’s note: The discussion process has not been completed yet.
In RAN4#94-e-bis, in the WF R4-2005216, it has been agreed 
· R15 UL MIMO emission requirements shall apply to UE level. 
· Relating MPRs are need to be re-visited.

In RAN4#95-e, a WF R4-2008465 was agreed in which:
Issue 3-3-2: Unwanted emissions for Transparent TxD: MPR study
· Possible WF: 
· Simulation/measurement assumptions for MPR study for 2Tx UE’s
·  Follow 29 dBm WI assumptions in R4-2005190
· Two 20dBm Tx chains are not precluded
· Two 23dBm Tx chains are not precluded
· Two 26dBm Tx chains are precluded
· MPRs are defined for each power class separately
· PC3 = 2x20dBm
· PC2 = 2x23dBm

In RAN4#96-e, the agreed WF R4-2011768 has the following contents:
MPR Requirement for Transparent TxD
· RAN4 agree MPR defined for TxD is applied to the total output power rather than at each antenna connector
In the meantime, for eMIMO WI, the MPR was an remaining issue:
“The Chairmain commented that for PC2 and PC3, MPR issues related to 2TX, including UL-MIMO, uplink full power transmission, and TxD, will be further discussed in TEI16.”

In RAN4#97-e meeting, the transparent TxD was discussed under TEI16 as documented in [R4-2016959] and a WF [R4-2016830] was also agreed.
· MPR for Transparent and UL MIMO 
· Whether 2 Tx MPR should be the same MPR requirement for TX Diversity and UL MIMO for the same power class.
· Agreement
· Option 1: Yes
For eMIMO and ULFPTx related, there is very few maintenance remains and only MPR was discussed. The agreement reached is as following: 
“Chair: It is agreed that one set of MPR requirements should be adopted for both UL MIMO (including ULFPTx) and TxD”

In RAN4#98-e-bis, the MPR was extensively discussed, but no agreements can be reached, but an evaluation is agreed to be started:
· CR related - MPR
· Proposals: 
· Option 1: As in last meeting’s Endorsed CR R4-2107307
· Option 2: Base on the proposals in R4-2104538
· 1.5dB offset for Edge and outer, 0.5dB offset for inner compared to 1Tx
· Option 3: Reconsider separating MPR requirements for UL-MIMO and TxD
· Also consider A-MPR impact in next issue and as in R4-2107283 
· Option 4: Keep the same MPR with 1Tx
· Option 5: Other solution
· Agreements (GTW) : 
· RAN4 to start a evaluation campaign to derive the MPR values for both UL-MIMO and TxD, with agreed evaluation assumptions and UE implementations. Decisions will be made in the May meeting 
Another WF R4-2105331 is MPR evaluation assumptions, it is agreed that an evaluation is necessary to further progress the MPR work, and a detailed assumptions were agreed. The contents were not listed.

In RAN4#99-e, many results and proposals were presented, however, For the MPR, there is no agreement reached and only very wide ranges were proposed. This need to be further discussed.

[bookmark: _Toc78447641]4.4.2	Power Class 3
[bookmark: _Toc78447642]4.4.2.1	Agreements
Editor’s note: The final requirements have not been completed yet.
It has been proposed the power class 3 MPR would re-use the current requirements for 1-Tx.
Though no concrete conclusion has been documented for this, MPR for PC3 generally was deemed can be kept for 1Tx. This can also be inferred that MPR evaluation in RAN4#99-e only consists of PC2 case. 
[bookmark: _Toc78447643]4.4.2.2	Study process
Void.

[bookmark: _Toc78447644]4.4.3	Power Class 2
[bookmark: _Toc78447645]4.4.3.1	Agreements
Editor’s note: The final requirements have not been set yet.
[bookmark: _Toc78447646]4.4.3.2	Study process
Editor’s note: The discussion process has not been summarized specifically yet.

[bookmark: _Toc78447647]4.4.4	Other power class
[bookmark: _Toc78447648]4.4.4.1	Agreements
Editor’s note: The final requirements have not been set yet.
[bookmark: _Toc78447649]4.4.4.2	Study process
Editor’s note: The discussion process has not been summarized specifically yet.


[bookmark: _Toc78447704]4.5	Additional Maximum output power reduction
[bookmark: _Toc78447651]4.5.1	Agreements
Editor’s note: The final requirements have not been set yet.
There were concerns that MPR change would mean A-MPR would have to be impacted. After some discussions, it has been agreed postpone the discussion on A-MPR and treat MPR first.
[bookmark: _Toc78447652]4.5.2	Study process
Editor’s note: The discussion process has not been completed yet.
In RAN4#98-e-bis, the A-MPR issue was raised and following agreements were made. 
· CR related - MPR
· Proposals: 
· Option 1: As in last meeting’s Endorsed CR R4-2107307
· Option 2: Base on the proposals in R4-2104538
· 1.5dB offset for Edge and outer, 0.5dB offset for inner compared to 1Tx
· Option 3: Reconsider separating MPR requirements for UL-MIMO and TxD
· Also consider A-MPR impact in next issue and as in R4-2107283 
· Option 4: Keep the same MPR with 1Tx
· Option 5: Other solution
· Agreements (GTW) : 
· RAN4 to start a evaluation campaign to derive the MPR values for both UL-MIMO and TxD, with agreed evaluation assumptions and UE implementations. Decisions will be made in the May meeting 

· CR related - A-MPR
· Proposals
· Option 1: A-MPR as band specific requirements could be decoupled from the general TxD requirements
· Option 2: Keeping the agreement of applying same MPR for UL MIMO and Tx Diversity would mean changed to the UL MIMO AMPR, too. 
· Agreements: 
· Postpone the discussion and treat MPR first


[bookmark: _Toc78447705]4.6	Adjacent channel leakage ratio
[bookmark: _Toc78447654]4.6.1	Agreements
For TxD, the following agreements have been made:
· ACLRUE = (PADJ, TX1 + PADJ, TX2) / (POWN, TX1 + POWN, TX2)
· Where
· PADJ, TX1 = power of the adjacent channel on TX port 1
· POWN, TX1 = power of own channel on TX port 1
· And TX2 similarly. 
[bookmark: _Toc78447655]4.6.2	Study process
In RAN4#95-e, the ACLR for TxD had been agreed in WF R4-2008465.


[bookmark: _Toc78447706]5	Other related requirements
Editor’s note: This clause intends to summarize the key part of technical agreements and related background of related requirements. 
[bookmark: _Toc78447707]5.1	Power Class clarification
[bookmark: _Toc78447658]5.1.1	SA
[bookmark: _Toc78447659]5.1.1.1	Agreements
Editor’s note: The final requirements have not been completed yet.

[bookmark: _Toc78447660]5.1.1.2	Study process
Editor’s note: The discussion process has not been completed yet.
There is a debate on 1-port transmission fall back mode for SA in both Rel-15 and Rel-16.
For Rel-16, in the agreed WF R4-2005652 for eMIMO in RAN4#94-e-bis, there are some agreements regarding the TxD applicability and relationship with eMIMO features:
· Transparent Tx Diversity (TxD) in Rel-16 (TBD its applicability for UEs supporting or not supporting full power transmission)
· …
· From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO (if supported)
· For UE with 23dBm+23dBm PA architecture, transparent TxD shall be used to have 26dBm MOP for 1TX port transmission. 
· TBD how the requirements will be specified
· Conclusion of Rel-16 discussion will have no impact on Rel-15
And there are following description in Rel-16 38.101-1:
“If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling.”

For Rel-15, an agreement was reached in R4-2107740 in RAN4#99-e,
Power class related- Fallback to 1-port Tx for SA in Rel-15
· Proposals
· Option 1: Confirm ue-PowerClass should always be supported for 1-port transmission fall back mode for SA in Rel-15. 
· UE do not support TxD capability would equip a full power chain
· For UE support TxD capability, when falls back to 1-port transmission, it is also reasonable to suppose it would use TxD to achieve ue-PowerClass in standalone mode
· Option 2: Others
· Tentative agreements: 
· Option 1
· Discuss in next meeting whether Rel-15 CR would be introduced to clarify the understanding

[bookmark: _Toc78447661]5.1.2	EN-DC
[bookmark: _Toc78447662]5.1.2.1	Agreements
Editor’s note: The final requirements have not been completed yet.

[bookmark: _Toc78447663]5.1.2.2	Study process
Editor’s note: The discussion process has not been completed yet.
For Rel-15:
In RAN4#93, Rel-15 CR R4-1916137 for clarification of ENDC power class has been agreed, in which clarification was added for the scenario that UE supports PC2 SA NR with 2x23 dBm PAs will report PC2 for NR even though it only support PC3 for NR in EN-DC if UE do not declare support of 2-layer for EN-DC on this NR band:
” 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.”
This has become a “famuous sentence” in RAN4 for a long time since it creats a lot of controversies in upcoming meetings.
After long discussion, further refinements on this “famous sentence”, a draft CR R4-2107781 was endorsed, in which the description of multiple power class possibilities for NR part of NSA in Rel-15 was confined only be allowed in case TxD is supported and signaled. In case TxD was not indicated by signaling, the current behaviour of multiple power class possibilities for NR part of NSA can be removed. 
However, there is still no conclusion for Pcmax for NR for Rel-15 EN-DC, which is also documented in R4-2107740,
Power class related- The Pcmax for NR for Rel-15 EN-DC
· Proposals
· Option 1: The Pcmax for NR is modified to use the lower possible power class to decide the lower bound of the configured power. (Huawei)
· Option 2: The Pcmax for NR is modified according to the declared NR power capability for NSA so that the PHR becomes correct. (Ericsson)
· Option 3:Do not consider further refinements of Pcmax for NR. 
· Option 4: Others
· Agreements : 
· FFS

For Rel-16:
The power class ambiguity issue for Rel-16 was raised in RAN#88-e in RP-201032. The solution of introducing specific RAN2 signalling was agreed and an LS RP-201392 was approved.
The power class for NR band in MR-DC could be different from that indicated in SA mode. If the power class of NR part is reported for the MR-DC, the UE shall meet the NR requirements for power class indicated by the newly introduced IE. The NR power class in Pcmax should then use the one indicated by the new IE instead.The Rel-16 EN-DC power class ambiguity problem related to TxD was solved.
For power class related issues, a LS was sent back to GCF in R4-2011903 to clarify the Rel-16 status for the power class issues, while the Rel-15 remains to be discussed.
“”RAN4 thanks GCF CAG for the LS on power class ambiguities in RAN4 specification and would like to inform GCF CAG about the latest progress.
1.	It is agreed that new power class capability signalling for NR in EN-DC is introduced in Rel-16 to distinguish power class capability of NR in EN-DC from power class capability of NR in SA.
2.	It is agreed that Rel-16 UE shall meet same power class requirements between single antenna port mode and UL MIMO in SA.
3.	It is agreed that transparent Tx diversity (TxD) is enabled at least from Rel-16 RAN4 specification.
RAN4 will inform GCF about the progress of Rel-15 power class clarification, once consensus is reached.”


[bookmark: _Toc78447708]5.2	SRS antenna switching
[bookmark: _Toc78447665]5.2.1	Agreements
Editor’s note: The final requirements have not been completed yet.

[bookmark: _Toc78447666]5.2.2	Study process
Editor’s note: The discussion process has not been completed yet.
In RAN4#addition, the SRS antenna switching was discussed. The email summary is as in R4-2105440. The following agreements were captured:
· Other Issues - Relation with SRS antenna switching
· Proposals
· Option 1: UE that supports transparent TxD can have antenna switching SRS configured in the same band.
· Option 1a. The ∆TRxSRS needs to be increased by 3 dB overall except for the PC2 case which accommodates the use of PA with 3 dB lower power for SRS antenna switching. 
· Option 1b. Other solutions or requirements.
· Option 2: UE that supports transparent TxD can not have antenna switching SRS configured in the same band. 
· Agreements: 
· Option 1
· Further confirm SRS
· Requirements based on transmission from physical antenna connector and not by transparent TxD
· Detailed requirements FFS

In RAN4#99-e, there is a specific agreed WF for SRS antenna switching requirements for TxD in R4-2107981, since this is a complicated issue that needs further discussion. The following agreements were captured:
· In GTW, the following are agreed
· SRS antenna switching which was targeted for DL CSI would not use UL antenna virtualization, i.e. UL TxD
· SRS antenna switching functionality cannot be excluded for UE supporting TxD.
· And Chair guidance: 
· Leave discussion on concrete value for loss and how to combine Option 1 and 2 to further email discussion.
Agreed WF
· Introduce PC1.5 to spec
· Explicit introduce TxD for SRS antenna switching IL, but how to harmonize with the current SRS conditions are FFS, and the exact IL values are FFS
· At least following PC2 UE architectures with TxD but without antenna virtualization for all antenna ports are to be analyzed in #100e
· 23PA+23PA
· 26PA+23PA
· 26PA+26PA
· At least 1T2R, 1T4R, 2T4R and 1T4R/2T4R srs-TxSwitch are to be analyzed in #100e
· A big CR will be used to capture the agreement in #100e together with other TxD issues.
There are also more detailed background and reference paper in the WF. 


[bookmark: _Toc78447709]5.3	Uplink Full power transmission (ULFPTx) for UL MIMO
[bookmark: _Toc78447668]5.3.1	Agreements
Editor’s note: The final requirements have not been set yet.

[bookmark: _Toc78447669]5.3.2	Study process
Editor’s note: The discussion process and analysis have not been completed yet.
In RAN4#95-e, there is agreed WF R4-2008462 in which the following agreements in transparent TxD applicability related to ULFPTx was made:
· Transparent TxD’s applicability for UEs supporting or not supporting ULFPTx in Rel-16
· [Reconfirm previous agreement] “The applicability of Transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx”
· [Newly added] In Rel-16, RAN4 ULFPTx requirement needs to allow UE to use transparent TxD to achieve the required transmission power in following cases: 
· Mode-1 UE use transparent TxD for single SRS port (either with DCI_0_0 or single SRS port with DCI_0_1)
· FFS transparent TxD can be used for UE configured with two SRS ports


[bookmark: _Toc78447710]6	Applicability and verification
Editor’s note: This clause intends to summarize the key part of technical agreements and related background of applicability and verification. For test related issues, the discussion process and the key options were also prepared to be documented for future reference.
[bookmark: _Toc78447711]6.1	Capability signalling
[bookmark: _Toc78447672]6.1.1	Agreements
Editor’s note: The final requirements have not been completed yet.
For the signalling options for transparent TxD, as in the WF R4-2103390 and outgoing LS R4-2103360, RAN4 has agreed to introduce a new per-band capability signaling in Rel-16 for FR1 UEs supporting transparent TxD. RAN4 would also like to ask RAN2 to enable release-independent support of this new capability from Rel-15 for PC2, if possible.
There is following reply from RAN2.
RAN2 has discussed whether to enable release-independent support of this new capability from Rel-15, and the following agreements have been achieved:
· RAN2 can support release independent capability of transparent TxD for Rel-15, by allowing early implementation of the Rel-16 CRs.
· It is possible to only apply the change for this new capability for PC2 UEs for Rel-15, but RAN2 would like to understand whether the Rel-16 capability signalling applies for all PCs, while Rel-15 capability signalling applies for just PC2 (as this difference in Rel-15 and Rel-16 capability might impact the signalling design)?
· RAN2 would also like to confirm whether this new capability has any dependencies with other capabilities that should be captured by RAN2 (since the capability is intended as release independent, RAN2 may need to capture such pre-requisites explicitly).”
After receiving the LS, it is agreed that capability singling for TxD applies for all power classes for both Rel-15 and Rel-16 in the WF R4-2107740.
The dependencies with other capabilities were still under discussion.

[bookmark: _Toc78447673]6.1.2	Study process
Editor’s note: The discussion process has not been completed yet.
In RAN4#96-e, the signaling for Transparent TxD was started to be discussed, and continued for several meetings without progress.
in RAN4#98-e, there is major break through in this topic with the TxD capability signlaing and release independency. In the agreed WF R4-2103390, the following agreements were made:
· Signaling for Transparent TxD
Whether and how RAN4 introduce signalling for transparent TxD: 
· Option 1: Introduce some sort of signaling by UE
· Option 1a. Use ModifiedMPRbehavior bits to signal additional relaxations;
· Option 1b: Introducing a new ( per band capability) signalling for TxD together with existing power classes
· Capability reporting for supporting TxD
· Option 1c: Introducing a new power class (e.g. PC2.5) for TxD
· Option 2: Based on UE vendor declaration.
· Option 3: Using existing signalling to indicate the 2Tx implementation capability.
· Recommended WF
· For R15 UEs, UE vendor declaration can be used in testing
· For R16 UEs, new signaling, i.e. 1b, is needed to inform the network of the support of TxD. If the signaling can be made to enable release-independent support of TxD from R15 can be consulted with RAN2
It means that transparent TxD can be at least using UE vendor declaration and used in testing for Rel-15.

For the signalling, an LS out R4-2103360 was agreed and sent to RAN2 with the following description and action:
“1. Overall Description:
RAN4 has agreed to introduce a new per-band capability signaling in Rel-16 for FR1 UEs supporting transparent TxD.
RAN4 would also like to ask RAN2 to enable release-independent support of this new capability from Rel-15 for PC2, if possible.
2. Actions:
To RAN2:
ACTION: RAN4 respectfully asks RAN2 to define respective signalling in Rel-16 and discuss release independence to Rel-15.”

In RAN4#99-e, RAN2 Reply LS was received in R4-2107616, in which the feasibility of release independency to Rel-15 by allowing early implementation was confirmed. Further questions were also raised to about applicable power classes and if there are dependencies with other capabilities; 
“RAN2 thanks RAN4 for the LS on signalling scheme of transparent TxD. 
Regarding the new per-band capability signaling in Rel-16 for FR1 UEs supporting transparent TxD, RAN2 can add the corresponding capability in corresponding specification (TS 38.331 and TS 38.306).
RAN2 has discussed whether to enable release-independent support of this new capability from Rel-15, and the following agreements have been achieved:
· RAN2 can support release independent capability of transparent TxD for Rel-15, by allowing early implementation of the Rel-16 CRs.
· It is possible to only apply the change for this new capability for PC2 UEs for Rel-15, but RAN2 would like to understand whether the Rel-16 capability signalling applies for all PCs, while Rel-15 capability signalling applies for just PC2 (as this difference in Rel-15 and Rel-16 capability might impact the signalling design)?
· RAN2 would also like to confirm whether this new capability has any dependencies with other capabilities that should be captured by RAN2 (since the capability is intended as release independent, RAN2 may need to capture such pre-requisites explicitly).”
The key agreements for TxD and power class related issues were documented in the agreed WF R4-2107740. The TxD related part is as following: 
In the WF, the applicable power class for capability signaling was confirmed. However, the dependencies with other capabilities were still under discussion.
LS related - Applicable power class for capability signaling in different releases
· Proposals: 
· Option 1: Applies for all Power Classes for both Rel-15 and Rel-16
· Option 2: Applies for only PC2 for Rel-15, and for all power classes in Rel-16;
· Option 3: Others
· Agreement (GTW): Option 1
It means that RAN4 confirm that the capability singling applies for all power classes for both Rel-15 and Rel-16.


[bookmark: _Toc78447712]6.2	Applicable release
[bookmark: _Toc78447675]6.2.1	Agreements
Editor’s note: The final requirements have not been completed yet. 
The applicable release of TxD depend on the release dependency which is discussed in the capability signaling part.

[bookmark: _Toc78447676]6.2.2	Study process
Editor’s note: The discussion process has not been completed yet.
In RAN4#92bis, a WF R4-1913067 was agreed. Though this WF was mainly for power class issue, there is following contents closely related to TxD:
· Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements
For the explanation of Rel-15 , the Chair’s explanation is this a “fact” which reflect the situation of that point. From this point, the need for specific requirements for TxD has been officially confirmed by RAN4. 

In RAN4#93, a reply LS R4-1916132 from RAN5 was received by RAN4. In the LS, RAN5 reply that it cannot fully evaluate the impact TxD testing since it’s unclear from RAN4 specification, in this LS RAN5 also this question:
a) Clarify whether the FR1 Tx diversity applies from Rel.-15 or Rel.-16.
By the time of RAN4#99, this question and LS was not replied and this the main impendence of agreements.
In RAN4#94-e-bis, in the agreed WF R4-2005652 for eMIMO, there are some agreements to confirm TxD should be supported at least from Rel-16:
· Transparent Tx Diversity (TxD) in Rel-16 (TBD its applicability for UEs supporting or not supporting full power transmission)
· [bookmark: _Hlk78304980]Transparent TxD shall be allowed for FR1 in Rel-16: 
· Necessary changes to Rel-16 RAN4 specification is needed to allow the UE behavior of transparent TxD in FR1;
· TBD (Accordingly RAN5 will change test cases to allow transparent TxD)

There is a long debate that whether TxD can be supported from Rel-15, and in RAN4#98-e, there is major break through in this topic with the TxD capability signlaing and release independency.  In the agreed WF R4-2103390, the following agreements were made:
· Signaling for Transparent TxD
Whether and how RAN4 introduce signalling for transparent TxD: 
· Option 1: Introduce some sort of signaling by UE
· Option 1a. Use ModifiedMPRbehavior bits to signal additional relaxations;
· Option 1b: Introducing a new ( per band capability) signalling for TxD together with existing power classes
· Capability reporting for supporting TxD
· Option 1c: Introducing a new power class (e.g. PC2.5) for TxD
· Option 2: Based on UE vendor declaration.
· Option 3: Using existing signalling to indicate the 2Tx implementation capability.
· Recommended WF
· For R15 UEs, UE vendor declaration can be used in testing
· For R16 UEs, new signaling, i.e. 1b, is needed to inform the network of the support of TxD. If the signaling can be made to enable release-independent support of TxD from R15 can be consulted with RAN2

After that the applicable release depend on the release dependency which was discussed in the capability signaling part. 

[bookmark: _Toc78447713]6.3	Testing related
[bookmark: _Toc78447678]6.3.1	UE Behaviour under Conformance Testing
[bookmark: _Toc78447679]6.3.1.1	Agreements
This issue is agreed to Leave these discussions to RAN5 and not pursue them before agreement of RAN4 CR in RAN4#99, since no agreements could be reached. The following options were listed for reference:
Background:  Motivation is to guide how to test requirements that require power changes such as relative power control.
Proposals:
· Option 1a: UE will keep the tx diversity status unchanged in conformance testing.
· Option 1b: Test mode signalling is implemented to instruct UE to keep TX div status unchanged
· Option 2a: TE will detect and sum for every power step and change in condition from declared connector, with no precondition
· Option 2b: TE will detect and sum for every power step and change in condition from declared connector, based on pre-condition that a repeatability of TxD activation/deactivation timing in a UE is maintained can be fulfilled.

[bookmark: _Toc78447680]6.3.1.2	Study process
In RAN4#95-e, there is agreed WF R4-2008465 in RAN4#95e, first introduce this issue.
Issue 3-3-6: UE behavior under conformance testing
· Motivation is to guide how to test requirements that require power changes such as relative power control 
· Option 1a: UE will keep the tx diversity status unchanged in conformance testing.
· Option 1b: Test mode signalling is implemented to instruct UE to keep TX div status unchanged
· Option 2: TE will detect and sum for every power step and change in condition from all connector (according to the issue 3-3-5 outcome) 

Unfortunately, basically there is no progress. In RAN4#98e, in the agreed WF R4-2103390, this meeting is the last meeting to list the detailed options in the WF. Though NO AGREEMENTS for any solution could be reached, they could still be considered as future discussion basis which is as following:
· UE Behavior under Conformance Testing
Background:  Motivation is to guide how to test requirements that require power changes such as relative power control.
Proposals:
· Option 1a: UE will keep the tx diversity status unchanged in conformance testing.
· Option 1b: Test mode signalling is implemented to instruct UE to keep TX div status unchanged
· Option 2a: TE will detect and sum for every power step and change in condition from declared connector, with no precondition
· Option 2b: TE will detect and sum for every power step and change in condition from declared connector, based on pre-condition that a repeatability of TxD activation/deactivation timing in a UE is maintained can be fulfilled.

In RAN4#99-e, it was agreed in WF R4-2107740 that the two controversial testing related issues were moved to RAN5.
Remaining Issues - Testing related issues
· Proposals
· Option 1: Leave these discussions to RAN5 and not pursue them before agreement of RAN4 CR.
· Option 2: Continue discussion in RAN4.
Agreement: 
· Option 1

[bookmark: _Toc78447681]6.3.2	Power Splitting Behaviour
[bookmark: _Toc78447682]6.3.2.1	Agreements
This issue is agreed to Leave these discussions to RAN5 and not pursue them before agreement of RAN4 CR in RAN4#99, since no agreements could be reached. The following options were listed for reference:
· Option 1: Only allow equal power split between connectors
· Excludes 17+17+20 dBm implementations
· Excludes power control optimizations
· Option 1a: Per instructed as test mode, UE should keep equal power split between connectors in all cases. 
· Option 2: Allow any power split between connectors
[bookmark: _Toc78447683]6.3.2.2	Study process
In RAN4#95-e, there is agreed WF R4-2008465 in RAN4#95e, first introduce this issue.
Issue 3-3-7: Power splitting behaviour
· Motivation is to discuss and agree what implementations are excuded 
· Option 1: Only allow equal power split between connectors
· Excludes 17+17+20 dBm implementations
· Excludes power control optimizations
· Option 2: Allow any power split between connectors
· Note for discussion
· RAN1 language mandates UE to split power equally between logical antenna ports. This allows 17+17 dBm = port 1 and 20 dBm = port 2 case
· What is the motivation for RAN4 to disallow this? Or power optimization for example for 24 dBm output power realization 23 + 17 dBm for maximized efficiency?

Unfortunately, basically there is no progress at all, apart from introduce a new option with test mode. In RAN4#98e, in the agreed WF R4-2103390, this meeting is the last meeting to list the detailed options in the WF. Though NO AGREEMENTS for any solution could be reached, they could still be considered as future discussion basis which is as following:
Background: Motivation is to guide how to test requirements that require power changes such as relative power control 
Question 1: What would be the impact for the requirements and testability with tentative equal power split restriction? 
Proposals: 
· Option 1: Only allow equal power split between connectors
· Excludes 17+17+20 dBm implementations
· Excludes power control optimizations
· Option 1a: Per instructed as test mode, UE should keep equal power split between connectors in all cases. 
· Option 2: Allow any power split between connectors

In RAN4#99-e, it was agreed in WF R4-2107740 that the two controversial testing related issues were moved to RAN5.
Remaining Issues - Testing related issues
· Proposals
· Option 1: Leave these discussions to RAN5 and not pursue them before agreement of RAN4 CR.
· Option 2: Continue discussion in RAN4.
Agreement: 
· Option 1


