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1. Introduction
In RAN4#92bis, the RF requirements analysis was provided in a number of papers and a WF was approved in [1].
· Focus on Single layer transmission with two and/or one logical antenna ports configuration
· Consider test configurations for measurements.
· For Mode 1, Consider verification of the feature including test configurations, at least including rank=1 TPMI=2, i.e. [image: image1.wmf]ú
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· For Mode 2, consider following verification points:
· [Rank1, 2 ports, TPMI 0/1 to achieve full power.]
·  (Note: New feature for capability 3 UE for 2 port transmission. However  can be circumvent by single port transmission as in Rel-15)
· Further test point are not precluded
In the meantime, progress is also made in RAN1 and RAN2 to further specify the behaviour and tentative signalling for full power UL transmission. In this contribution, further discussion regarding the verification is added.
2. Discussion
2.1 RRC signalling and Power Scaling behaviours

Analysis have been done in RAN4#92bis based on original agreements. During RAN1#98bis, RRC parameters have been agreed in [2] and the tentative UL full power TX related parameter were described as following:
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	ULFPTx
	{enabled}
	new R16
	per CC or UL BWP

(TBD in RAN1#99)
	dedicated 
	gNB configures UE to support UL full power transmission
	

	ULFPTxModes 
	{Mode1, Mode2}
	New R16
	per CC or UL BWP (TBD in RAN1#99)
	dedicated 
	gNB configures UE to support UL full power transmission with Mode1 or Mode2. Note 1: whether this can be combined in ULFPTx or not is up to RAN2. Note 2: if ULFPTx is configured while ULFPTxModes is not configured, UE delivers full power in another operation mode other than mode 1 and mode 2.
	If UE only supports Mode 1 gNB cannot configure this UE to operate in Mode 2, if UE only supports Mode 2 gNB cannot configure this UE to operate in Mode 1


In addition, there is an ongoing E-mail discussion on draft CR for 38.213 and the lastest draft of the key power scaling part was listed as following:
For a PUSCH transmission on active UL BWP 
[image: image2.wmf]b

, as described in Subclause 12, of carrier 
[image: image3.wmf]f

 of serving cell 
[image: image4.wmf]c

, a UE first calculates a linear value 
[image: image5.wmf])
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 of the transmit power 
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, 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 ULFLTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales [image: image8.png]Peuscrborc (i qa.l)



 by [image: image10.png]


 where:
· if ULFLPTxModes in PUSCH-Config is set to Mode1, [image: image12.png]


 is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a maximum number of SRS ports for the UE in one SRS resource,

· if ULFLPTxModes in PUSCH-Config is set to Mode2, [image: image14.png]


 for full power TPMIs and [image: image16.png]


 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, and TPMI, SRI, and the full power TPMIs are according to [6, TS 38.214], and 

· if ULFLPTxModes in PUSCH-Config is not provided, [image: image18.png]



-
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. 

Although these parameters are still not finalized by RAN2 and still could be minor refinements, the logic and behaviour are already clear enough to have detailed analysis which as basis for test point analysis. 

It can be seen that “ULFPTx” which is the abbreviation of “UL full power Tx” means a UE can support UL full power transmission. In another word, a UE doesn’t support this would have the same power scaling behavior to Rel-15 and would not be impacted by this WI at all.
Observation 1: A UE would have to report “ULFPTx” to enable UL full power transmission. UE not supporting this will follow Rel-15 power scaling.
For the case that UE support “ULFPTx”, there are three different modes supported which is indicated by signalling “ULFPTxModes” UE can support either Mode 1 or Mode 2 or none of them. It has been explained in the Note2 that “Note 2: if ULFPTx is configured while ULFPTxModes is not configured, UE delivers full power in another operation mode other than mode 1 and mode 2.”  This “another operation mode” mentioned here is also a separate mode.

In addition, for coherent UE, Rel-15 already supports two port transmission TPMI such as [image: image19.wmf]ú
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 and other non-antenna selection TPMI precoders to achieve full power, so current spec for UL full Tx power only consider non-coherent and partial coherent UE.
Observation 2: For the case that UE support UL full power transmission “ULFPTx”, there are three different modes which is indicated by “ULFPTxModes” which is Mode 1, Mode 2, and none of them. 
Observation 3: Coherent UEs not considered for Rel-16 UL Full Tx power.
It can be seen that the Capability 1/2/3 which corresponds to specific UE architectures and referenced in the previous meetings were actually not formally defined in RRC signaling or physical layer spec. They were treated implicitly. 
For the case of neither Mode1 nor Mode2 is reported, the UE simply do not need power scaling at all. This could be regarded as based on capability 1 which UE with full rated PAs on each Tx chain.
For Mode 1, power scaling calculation is consistent with Rel-15. It has already been identified in RAN4#92bis that 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission and this configuration has already been added in the agreed WF. This could be applied to capability 2 or 3 for which there are room for Tx diversity.
For Mode 2, UE is allowed to report a set of “full power TPMIs”. If the TPMI used is within this set, there is no power scaling (power scaling factor equals to 1). If the TPMI used is not within this set, the power scaling of Rel-15 applies. This is pretty much based on the capability 3 which assume UE has a subset of Tx chains with full rated PA. E.g. for rank 1, TPMI can support {TPMI=0} and {TPMI=1}.
Observation 4: There were no explicitly defined UE PA architecture reporting. Different behaviors are defined for different modes which were designed based on those different UE PA architectures.
2.2 Test methodology for Multi-antenna rank1 transmission
In WF [1] there is the following item:

· Consider test configurations for measurements.
Test configuration of multi-port rank1 transmission, which is the basic configuration for UL full power Tx, haven’t been introduced in RAN4 spec in Rel-15. 
Spec transparent Tx diversity, a closely related configuration, has been discussed for Rel-15 for a while. A WF had been approved in [3] in which the following was specified.

· Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements
· Further work needed in Rel-16 and impact on RAN5 conformance testing investigateg, e.g, replacement of ”antenna connector” with ”antenna port”
It seems that no concrete progress have been made on how to further progress this yet. However, at least for eMIMO this test methodology should be quite similar and it is proposed to share the testing methodology of transparent Tx diversity with eMIMO.  
Proposal 1: Share the testing methodology of Transparent Tx diversity with eMIMO.
2.3 Verification point analysis
The targets of selecting verification point could be:

· Verification of the physical layer feature.

· Verification the RF performance of UE transmitters.

However, these targets may not be fully consistent. Considering the already existing WF,

· Focus on Single layer transmission with two and/or one logical antenna ports configuration
Based on previous analysis on the latest RAN1 agreements, the following cases could be regarded as a somehow super set of possible scenarios for verification. Some of them should use AV (antenna virtualization). It should be noted for 1port transmission, Rel-15 power scaling would also achieve full power.
Table 1: Possible verification point analysis for UL Full power Tx capable UE
	
	1 port, rank1
	2 ports, rank1

	Mode 1
	Full power 
(Also following Rel-15 power scaling scheme. Full power achievable by single antenna or AV)
	Rel-15 power scaling

(Full power in
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	Mode 2


	Full power

 (Also following Rel-15 power scaling scheme. Full power achievable by single antenna or AV)
	Full power

(full power TPMIs)

	
	
	Rel-15 power scaling

(Non full power TPMIs)

	None

“The other mode”
	Full power

(All conditions)
	Full power

(All conditions)


Based on the analysis and from simplification point of view, a number of proposals were provided.
Since there is no verification of Rel-15 power scaling scheme in Rel-15 and there is no clear benefit of verification of partial power transmission in Rel-16, it is proposed to focus on the case which power scaling factor equals to 1. For mode 2, it means that the full power TPMI would be used.
Proposal 2: Only consider configurations for UL Full power, i.e. the case power scaling factor s equals to 1.
From the RF verification point of view, both 1 port and 2 port verification have some duplications. E.g., the full power TPMI for Mode 2 rank 1 could be achieved by single antenna for capability 3 UE, and Mode 1 rank 1 could be fulfilled by either single antenna for capability 3 UE or antenna virtualization (Tx Diversity in another word) for capability 2 UE.
In order to simplify the configurations, it is proposed to prioritize on the 2 ports transmission in the selection of verification points.
Proposal 3: Prioritize 2 ports transmission in the selection of verification point. 
Currently a UE can support only one mode among the three. Since all UEs need a verification point, it is suggested to add at least one verification point per mode. However, considering that too many test cases may be a burden and may not necessary from RF verification point of view, for any UE, ideally only one test requirement is preferred.
Proposal 4: Adding verification for all the modes, including Mode 1 / Mode 2 / Neither (the other mode). Ideally one test for each mode.
3. Conclusion

This paper further discussed the physical layer feature of UL Full Tx Power. The following observations were provided based on the latest RAN1 progress ::
Observation 1: A UE would have to report “ULFPTx” to enable UL full power transmission. UE not supporting this will follow Rel-15 power scaling.
Observation 2: For the case that UE support UL full power transmission “ULFPTx”, there are three different modes which is indicated by “ULFPTxModes” which is Mode 1, Mode 2, and none of them.
Observation 3: Coherent UEs not considered for Rel-16 UL Full Tx power.
Observation 4: There were no explicitly defined UE PA architecture reporting. Different behaviors are defined for different modes which were designed based on those different UE PA architectures.
The following proposals were provided 
Proposal 1: Share the testing methodology of Transparent Tx diversity with eMIMO.

Proposal 2: Only consider configurations for UL Full power, i.e. the case power scaling factor s equals to 1.

Proposal 3: Prioritize 2 ports transmission in the selection of verification point. 
Proposal 4: Adding verification for all the modes, including Mode 1 / Mode 2 / Neither (the other mode). Ideally one test for each mode.
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