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1	Introduction
The uplink full power transmission has been continually discussed for several months. Over the past several meetings, RAN4 have been discussing testing scenarios and configurations to verify UEs with uplink full power transmission. The way forward on uplink full power transmission for eMIMO was approved during RAN4#94-e [1] as follows:
	Way forward captured in [1]: 
Guidelines:
· All the agreements in this WF are for Rel-16 eMIMO WI and this scope may not be reiterated for detailed issues.
· The numbering scheme is in accordance with second round discussion in [1]
Sub-topic 2-1: General Scope and Assumption in Rel-16 eMIMO
· Issue 2-1-1: General Assumption for UE Supported Mode
· UE’s support of full power transmission feature’s mode shall follow RAN1 and RAN2 design;
· If UE claim its support of a mode (from mode-1, mode-2 and the other mode), corresponding performance requirement shall be tested. 
· Issue 2-1-2: Down-scoping by only considering UE supporting 2 TX ports
· RAN4 only specify requirement for UE supporting 2TX ports. 
· Issue 2-1-3: Down-scoping by only considering FR1
· At least define UE RF requirement for FR1;
· FFS for FR2. 
· Issue 2-1-4: Down-scoping on possible physical implementation for Mode-0, 1, and 2
· FFS UE is not assumed to have 20dBm PA implementation on any single TX antenna connector.  
· Issue 2-1-5: Clarification on appropriate chapter for full power transmission MOP tests (for FR1)
· Keep Section 6.2 in TS38.101-1 only for single port.  
· FFS UE fallback behaviour for single port transmission, and how to capture the requirement (if any) in the specification.
· MOP requirement for full power transmission with 2 TX ports configured for FR1 shall be captured 
· Option-1:  in Section 6.2D
· Option-2:  in new section.
· Issue 2-1-6 UE behavior for fallback DCI (DCI_0_0) 
· Option 1: Antenna virtualization shall be allowed
· Option 2: Antenna virtualization is not allowed for fallback DCI 
· Option 3: UE behaviour for fallback DCI is not needed to be discussed.
Sub-topic 2-2: Test Configuration and Requirement Applicability for Full Power Transmission MOP Test
· Issue 2-2-1: For Mode 1 UE,
· Only DFT-s-OFDM waveform need to be verified if Rel-15 UL-MIMO rank2 is supported and verified.
· Issue 2-2-2: For Mode 2 UE with 2 ports configuration
· RAN4 core requirement is defined based on full power TPMI(s) UE support;
· It is up to RAN5 to select test configuration to perform test. 
· Issue 2-2-3: For Mode 2 UE with 1 port configuration
· Option-1: no need to test
· Option-2: Full power transmission with 2 TX antenna connectors should be verified (sum over two antenna connectors), i.e., either UE with antenna virtualization (23+23dBm) or UE with full rated PA (26dBm) is allowed.
· Issue 2-2-4: For Mode 0 UE (“the other mode”) with 2 ports configuration
· Option-1: All supported full power TPMIs are tested
· Option-2: Select only one of full power TPMI(s) for test
· Option-3: RAN4 core requirement is defined based on all supported full power TPMIs, and it is up to RAN5 to select test configuration to perform test. 
Sub-topic 2-3: Unwanted Emissions for Full Power Transmission for FR1
· Issue 2-3-1: Whether unwanted emissions requirement are defined for full power transmission for FR1
· Unwanted emissions to be verified for the configuration(s) of full power transmission, in which MOP requirement is defined and tested.
· Issue 2-3-2: How unwanted emissions requirement are tested for full power transmission for FR1
· The individual outputs of all transmitting antennas shall be summed across frequency and compliance to the SEM requirement should be verified.
Sub-topic 2-4: UE Power Class Capability
· Issue 2-4-1: New power class capability
· FFS new power class capability for full power transmission,
· Option-1: adding a new power-class capability for two-layer transmissions per NR band (Rel-16)
· Option-2: New power class capability can be defined for a UE transmitting over multiple antennae per NR band. The new power class will be determined as the sum of power on all antennae.
· Option-3: add new power class but how to add depends on the outcome of “EN-DC power class and UL MIMO clarifications” topic in agenda 6.5.4.1
· Option-4: No need to introduce new power class
Reference: 
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In this contribution, we would like to present our views on completion related issues on Rel-16 eMIMO uplink full power transmission feature. 

2 General Scope and Assumption in ULFPTX
Various aspects on general scope and assumption have been discussed in last RAN4 meeting, while the following aspects are still under discussion due to conflicting views:
2.1 Down-scoping by only considering FR1 or not
Considering companies still see the necessity of introducing FR2 ULFPTX requirement, down-scoping by only considering FR1 is not agreed in previous meeting. We observed the ULFPTX feature’s potential benefits to FR2 UE implementation in two ways: (1) some FR2 UE support 2 TX ports with H/V polarization could not support coherent UL transmission, which make TPMI2 not usable; (2) with UE’s indicated support of Mode-2 and other mode, full power transmission is possible with 1TX codebook based on UE capability. Taken that into account, RAN4 should further study the impacted UE requirement in TS38.101-2 due to FR2 ULFPTX feature. 
Proposal 1: RAN4 continue the discussion of ULFPTX feature with both FR1 and FR2 into account. 

2.2 Down-scoping on possible physical implementation for Mode-0, 1 and 2
In last meeting, great effort has been devoted to down-scoping on possible physical implementation, and the discussion was focused on two aspects: 
- Whether transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE;
- Whether or not 20dBm PA can be excluded since the necessity is not observed among current UE implementation. 
The 1st question is actually strong related to transparent TxD discussion in Rel-15. If transparent TxD is enabled in RAN4/5 requirement (either from Rel-15 which is not favoured in our paper, or from Rel-16 which we are open to discuss as presented in our accompanying paper), we don’t see the reason why transparent TxD should not be allowed to be used for 1 port SRS TX for Mode-2 UE. 
Proposal 2: RAN4 should follow the conclusion on Rel-15/16 transparent TX diversity in RAN4/5 specification (discussed in Agenda 4.4.2.1), to determine whether or not transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE.
For the 2nd question, no agreement achieved yet because some companies still see the value of utilizing 20dBm PA to construct higher MOP. Based on our knowledge, combining multiple 20dBm PAs to generate higher MOP is not yet considered in currently available product roadmap. From the merit of reducing RAN4 workload, we prefer to remove the support of 20dBm PA in eMIMO discussion. 
Proposal 3: For down-scoping on possible physical implementation for Mode-0, 1, and 2, UE is not assumed to have 20dBm PA implementation on any single TX antenna connector. 

2.3 Clarification on appropriate chapter for ULFPTX MOP tests (for FR1)
As for the appropriate chapter for full power transmission MOP test for FR1, we are open to possible options as long as the specified requirement is clearly defined to be applicable to UEs supporting ULPFTX feature and corresponding ULFPTX mode. Considering ULFPTX feature can be regarded as the extended feature for UL-MIMO, we still believe it is slightly more appropriate to specify MOP requirement for full power transmission with 2 TX ports configured for FR1 in Section 6.2D. 
Proposal 4: MOP requirement for full power transmission with 2 TX ports configured for FR1 should be specified in Section 6.2D. 

2.4 UE behavior for 1TX in DCI_0_0 and DCI_0_1 with 1 TX port
Based on last meeting discussion, it is agreed that section 6.2 should be used for single port transmission only. However, whether or not full power transmission is expected for UE’s single port transmission is discussed with various views. This discussion unfortunately again should be addressed in Rel-15 discussion rather than eMIMO ULFPTX topic, therefore we have the following observation. 
Proposal 5: RAN4 should follow the conclusion on Rel-15/Rel-16 UE power class discussion (i.e., whether UE declared PC should be applicable to all transmission mode), to determine UE fallback behaviour for single port transmission, and how to capture the requirement (if any) in the specification.

3 Configuration and Requirement Applicability for ULFPTX MOP 
Some progress has been achieved in last RAN4 meeting on the topic of test configuration and requirement applicability for ULFPTX MOP test, especially for Mode-1 UE and Mode-2 UE with two port configuration. Remaining issues still exist for Mode-2 UE with 1 port configuration and Mode-0 UE with 2 ports configuration. 

3.1 Applicability of Power Class 2 HPUE Declaration 
The applicability of power class 2 HPUE declaration is also discussed in Rel-15 TxD discussion, i.e, whether or not to follow the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode. As analyzed and concluded in our accompanying paper, we propose that for Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode.
Proposal 6: From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode. 

3.2 Mode 1 UE if transform precoder is enabled
Based on previous agreement, “For Mode 1 UE, only DFT-s-OFDM waveform need to be verified if Rel-15 UL-MIMO rank2 is supported and verified.” As specified in TS38.212, RAN1 introduce the new UE behaviour for Mode 1 UE (i.e., adding 1 layer TPMI=2) only for nonCoherent UL-MIMO UE, as below: 
	Table 7.3.1.1.2-5A: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled and ULFPTxModes=Mode1, or if transform precoder is disabled, maxRank = 1, and ULFPTxModes=Mode1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved






Because of that, we reach the following proposal: 
Proposal 7: For Mode 1 UE ULFPTX feature, the following applicability rule should be followed: 
  - Mode 1 UE shall only support nonCoherent codebook;
  - UE is not expected to report the support of Mode 1 ULFPTX and full coherent codebookNote.
Note: Since 2TX codebook considered in Rel-15 ULFPTX, only full coherent and non-coherent codebook subset exist. 

3.3 Mode 2 UE with 1 port configuration
Considering the analysis and proposal in Section 2.2, i.e., “Proposal 2: RAN4 should follow the conclusion on Rel-15/16 transparent TX diversity in RAN4/5 specification, to determine whether or not transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE.”, RAN4 may have different conclusion for whether or not transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE. 
However, by following the above proposal 6, if UE declaring PC2 HPUE, it should have 26dBm MOP for 1TX transmission regardless of how it is achieved, either by single TX PA with 26dBm or by transparent TxD (if RAN4 agree it is supported in Rel-16). Based on this, the ULFPTX for Mode 2 UE with 1 port configuration is not of necessity to be tested since the same full power UE behavior has been verified in Section 6.2 for UE single TX behavior.  
Proposal 8: For Mode-2 UE, ULFPTX MOP with 1 port configuration is no needed to be tested in Rel-16. 

3.4 Mode 0 (the Other Mode) UE with 2 port configuration
For Mode 0 (“the other Mode”), there is no concept of “full power TPMI”, as described below in TS38.213:
	[bookmark: _Toc20311557]7.1       Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: ], as described in Subclause 12, of carrier [image: ] of serving cell [image: ], a UE first calculates a linear value [image: ] of the transmit power [image: ], with parameters as defined in Subclause 7.1.1. For a PUSCH transmission scheduled by a DCI format 0_1 or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
· if ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales  by  where:
· if ULFPTxModes in PUSCH-Config is set to Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port’,  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
· if ULFPTxModes in PUSCH-Config is set to Mode2,  for full power TPMIs reported by the UE [16, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with usage set to ‘codebook’, or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to ‘codebook’, and 
· if ULFPTxModes in PUSCH-Config is not provided, 
-    else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.



In other words, if ULTPTxModes in PUSCH-config is not provided, UE will not have power scaling for all TPMI which is available to be scheduled as below, captured form TS38.212: 
	Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, and maxRank = 2, and ULFPTxModes is either not configured or configured to Mode2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

		0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	2 layers: TPMI=0
	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	


…
Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled and ULFPTxModes is either not configured or configured to Mode2, or if transform precoder is disabled, and maxRank = 1, and and ULFPTxModes is either not configured or configured to Mode2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	
	

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	






For Mode-2 UE with 2 ports configuration, based on the above two tables from TS38.212, multiple precoders can achieve full power transmission. Similar to the logic for Mode-2 UE with 2 ports configuration, we have provided the following proposal: 
Proposal 9: For Mode-0 UE (“the other Mode”) with 2 ports configuration, RAN4 core requirement is defined based on all supported full power TPMIs, and it is up to RAN5 to select test configuration to perform test.

3.5 Mode 0 (the Other Mode) UE with 1 port configuration
For Mode 0 (“the other Mode”) UE with 1 port configuration, the similar principle should be followed as Mode2 UE with 1 port configuration, i.e., by following the above proposal 5, if UE declaring PC2 HPUE, it should have 26dBm MOP for 1TX transmission regardless of how it is achieved, either by single TX PA with 26dBm or by transparent TxD (if RAN4 agree it is supported in Rel-16). Based on this, the ULFPTX for Mode 0 UE with 1 port configuration is not of necessity to be tested since the same full power UE behavior has been verified in Section 6.2 for UE single TX behavior.
Proposal 10: For Mode-0 UE, ULFPTX MOP with 1 port configuration is no needed to be tested in Rel-16. 

4 UE Power Class Capability 
4.1 New power class capability
As present in our proposal 6, we propose that from Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode. 
By following that principle, there is not of necessity for a new power class capability to differentiate UE’s PC capability for different transmission mode. 
Proposal 11: Because we propose PC declaration should be applied to all transmission modes from Rel-16 and beyond, there is no need to introduce new power class.  

2 Conclusion
In this paper, we provided our views on completion related issues on Rel-16 eMIMO uplink full power transmission feature, with following observations and proposals: 
Proposal 1: RAN4 continue the discussion of ULFPTX feature with both FR1 and FR2 into account. 
Proposal 2: RAN4 should follow the conclusion on Rel-15/16 transparent TX diversity in RAN4/5 specification (discussed in Agenda 4.4.2.1), to determine whether or not transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE.
Proposal 3: For down-scoping on possible physical implementation for Mode-0, 1, and 2, UE is not assumed to have 20dBm PA implementation on any single TX antenna connector. 
Proposal 4: MOP requirement for full power transmission with 2 TX ports configured for FR1 should be specified in Section 6.2D. 
Proposal 5: RAN4 should follow the conclusion on Rel-15/Rel-16 UE power class discussion (i.e., whether UE declared PC should be applicable to all transmission mode), to determine UE fallback behaviour for single port transmission, and how to capture the requirement (if any) in the specification.
Proposal 6: From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode. 
Proposal 7: For Mode 1 UE ULFPTX feature, the following applicability rule should be followed: 
  - Mode 1 UE shall only support nonCoherent codebook;
  - UE is not expected to report the support of Mode 1 ULFPTX and full coherent codebookNote.
Note: Since 2TX codebook considered in Rel-15 ULFPTX, only full coherent and non-coherent codebook subset exist.
Proposal 8: For Mode-2 UE, ULFPTX MOP with 1 port configuration is no needed to be tested in Rel-16. 
Proposal 9: For Mode-0 UE (“the other Mode”) with 2 ports configuration, RAN4 core requirement is defined based on all supported full power TPMIs, and it is up to RAN5 to select test configuration to perform test.
Proposal 10: For Mode-0 UE, ULFPTX MOP with 1 port configuration is no needed to be tested in Rel-16. 
Proposal 11: Because we propose PC declaration should be applied to all transmission modes from Rel-16 and beyond, there is no need to introduce new power class.  
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