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1	Introduction
The UL full power feature was defined to allow UE to indicate it supports more power than nominally allowed by UL CA. The intent of the feature was to support higher UL power for non-coherent codebook cases, wherein the Rel-15 specification was restricted to cases where 3-6 dB UL power loss could be possible. There ended up being three different "modes" for this feature, but as changes in RAN1 for this feature happened up until the last moments of Rel-16, the UE capabilities for this feature ended up being somewhat unclear.
In this contribution, we discuss how the UL full power modes are used and what network can expect from UE capability reporting.
2	UL full power in Rel-16
The UL full power configuration (in PUSCH-Config) is defined via the following RRC configuration:
    ul-FullPowerTransmission-r16            ENUMERATED {fullpower, fullpowerMode1, fullpowerMode2}         OPTIONAL,   -- Need R
These options refer to the definitions in TS38.213 clause 7.1 (see Annex A), and correspond to different UL full power modes, each of which is characterized by different UE capabilities as shown below:
FeatureSetUplink-v1610 ::=       SEQUENCE {
    -- R1 16-5c: The maximum number of SRS resources in one SRS resource set with usage set to 'codebook' for Mode 2
    ul-FullPwrMode2-MaxSRS-ResInSet-r16  ENUMERATED {n1, n2, n4}                   OPTIONAL,
    -- R1 16-5a: Supported UL full power transmission mode of fullpower
    ul-FullPwrMode-r16                    ENUMERATED {supported}                   OPTIONAL,
    -- R1 16-5b: Supported UL full power transmission mode of fullpowerMode1
    ul-FullPwrMode1-r16                   ENUMERATED {supported}                   OPTIONAL,
    -- R1 16-5c-2: Ports configuration for Mode 2
    ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16  ENUMERATED {p1-2, p1-4, p1-2-4} OPTIONAL,
    -- R1 16-5c-3: TPMI group for Mode 2
    ul-FullPwrMode2-TPMIGroup-r16         SEQUENCE {
        twoPorts-r16                          BIT STRING(SIZE(2))                      OPTIONAL,
        fourPortsNonCoherent-r16              ENUMERATED{g0, g1, g2, g3}               OPTIONAL,
        fourPortsPartialCoherent-r16          ENUMERATED{g0, g1, g2, g3, g4, g5, g6}   OPTIONAL
    }                                                                                  OPTIONAL
}

	ul-FullPwrMode-r16
Indicates the UE support of UL full power transmission mode of fullpower as specified in clause 7.1 of TS 38.213 [11]. If the UE indicates this capability the UE also indicates the support of codebook based PUSCH MIMO transmission using mimo-CB-PUSCH and the support of PUSCH codebook coherency subset using pusch-TransCoherence.
	FS
	No
	N/A
	N/A

	ul-FullPwrMode1-r16
Indicates the UE support of UL full power transmission mode of fullpowerMode1. If the UE indicates this capability the UE also indicates the support of codebook based PUSCH MIMO transmission using mimo-CB-PUSCH and the support of PUSCH codebook coherency subset using pusch-TransCoherence.
	FS
	No
	N/A
	N/A

	ul-FullPwrMode2-MaxSRS-ResInSet-r16
Indicates the UE support of the maximum number of SRS resources in one SRS resource set with usage set to 'codebook' for uplink full power Mode 2 operation. If the UE indicates this capability the UE also indicates the support of codebook based PUSCH MIMO transmission using mimo-CB-PUSCH and the support of PUSCH codebook coherency subset using pusch-TransCoherence. A UE supports this feature shall support at least full power operation with single port.
	FS
	No
	N/A
	N/A

	ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16
Indicates the UE supported SRS configuration with different number of antenna ports per SRS resource for uplink full power Mode 2 operation. The possible different number of antenna ports that can be configured for a SRS resource are as follow:
-	value p1-2 means that each SRS resource can be configured with 1 port or 2 ports
-	value p1-4 means that each SRS resource can be configured with 1 port or 4 ports
-	value p1-2-4 means that each SRS resource can be configured with 1 port or 2 ports or 4 ports

UE indicates support of this feature shall also indicate support of ul-FullPwrMode2-MaxSRS-ResInSet.

NOTE:	The values p1-2, p1-4 or p1-2-4 can be used if ul-FullPwrMode2-MaxSRS-ResInSet is reported as n2 or n4.
	FS
	No
	N/A
	N/A

	ul-FullPwrMode2-TPMIGroup-r16
Indicates the UE supported TPMI group(s) which delivers full power.  The capability signalling comprises the following values:
-	twoPorts-r16 indicates a 2-bit bitmap, where the leading / leftmost bit (bit 0) corresponds to {TPMI index = 0}. The next bit (bit 1) corresponds to {TPMI index = 1} and the TPMI index is as specified in Table 6.3.1.5-1 of TS 38.211 [6]
-	fourPortsNonCoherent-r16 indicates the TPMI groups {G0-3}
-	fourPortsPartialCoherent-r16 indicates the TPMI groups {G0-6}

UE indicates support of this feature shall also indicate support of ul-FullPwrMode2-MaxSRS-ResInSet.
Definition of G0~G6 can be found in the table below:
	ID
	TPMI groups

	G0
	,

	G1
	, , ,

	G2
	, , , , 

	G3
	, ,, 

	G4
	, ,

	G5
	, ,, ,, 

	G6
	, ,,, ,
, , ,,



NOTE 1:	When a full coherent UE operates in mode 2, it reports TPMIs the same as a partial-coherent UE.
NOTE 2:	For 4 port partial-coherent or full-coherent UE, UE can report: 2-port {2-bit bitmap} and one of 4-port non-coherent {G0~G3} and one of 4-port partial-coherent {G0~G6}
For 4 port non-coherent UE, UE can report: 2-port {2-bit bitmap} and one of 4-port non-coherent {G0~G3}
For 2 port UE, UE can report: 2-port {2-bit bitmap}
NOTE 3:	A UE that supports this feature must report at least one of the values.
	FS
	No
	N/A
	N/A



Here we can see that UL full power mode0 and mode1 are defined via single capabilities (respectively), with both also requiring UE to support codebook based PUSCH MIMO transmission and PUSCH codebook coherency subset.
In contrast, the UL full power mode2 has several sub-capabilities, with the basic capability indicating that any UE supporting mode2 shall at least support single SRS port transmission for the UL full power case. 
Observation 1: Rel-16 specification defines three different "modes" (0, 1, 2)  for UL full power feature, and UE only uses one of the modes according to RRC configuration (as described in TS38.213, clause 7.1).
However, there are no clear linkages between the different modes, and as all are optional capabilities, UE can (in theory) indicate it support any combination of these. However, as the capabilities are defined within FeatureSet, it would appear these are somehow linked to the UE BB capabilities. But when one reads the capability descriptions, these are more or less RF capabilities, i.e. tied to the band combination where they are defined. So it's not at all clear whether there would be any cases where UEs would (in reality) support different UL full power capabilities across different featureSets linked to the same band combination. 
Observation 2: It's not clear if any UE is capable of providing different UL full power mode capabilities for different featureSets of the same BC.
Proposal 1: RAN2 to clarify whether the UE should always indicate UL full power capabilities consistently across the (UL) featureSets linked to the same band combination entry.
Second, it is not clear if a UE supporting certain UL full power mode would ever imply support for another UL full power mode. The mode2 capability does have a sentence that any UE supporting mode2 shall at least support single SRS port transmission, but it's not clear if this is in relation to the mode2 or whether it is intended to indicate that UE supporting mode2 shall also support mode0. Similarly, the modes 0 and 1 share the same prerequisites, but have otherwise no dependencies between the capabilities. So it is not clear if UE would ever support more than one UL full power mode for a BC or not: Would a UE indicating support for mode2 ever also indicate support for mode1 for the same BC? 
Observation 3: The dependencies between UL full power capabilities may not be clear in TS38.306. 
Proposal 2: RAN2 to clarify whether UE is allowed to report multiple UL full power mode capabilities per BC.
We think the reason behind these is that UE would normally only either support UL full power mode or not support it per BC, and even more likely the support would be per UE. We understand that it may be the case that UE operating without DC may support UL full power mode but would not support UL full power mode when configured with MR-DC. But even in that case, it seems likely that UE would always either support one UL full power mode (per BC or per UE), or not support it (for some featureSets). But as this is not made clear in the specification, it can be discussed if this is the correct assumption or not.
Observation 4: UE indicating support for UL full power mode 0 would normally never indicate support for mode1 or mode2 for the same band combination.
Observation 5: UE indicating support for UL full power mode 1 would normally never indicate support for mode0 or mode2 for the same band combination.
Observation 6: UE indicating support for UL full power mode 2 would normally never indicate support for mode0 or mode1 for the same band combination.
Proposal 3: RAN2 to discuss what is the typical case where UE would support UL full power mode for a BC.
Proposal 4: RAN2 to discuss whether the current description of dependencies between the UL full power mode capabilities should be clarified.
3	Conclusion
This documents has made the following observations:
Observation 1: Rel-16 specification defines three different "modes" (0, 1, 2)  for UL full power feature, and UE only uses one of the modes according to RRC configuration (as described in TS38.213, clause 7.1).
Observation 2: It's not clear if any UE is capable of providing different UL full power mode capabilities for different featureSets of the same BC.
Observation 3: The dependencies between UL full power capabilities may not be clear in TS38.306. 
Observation 4: UE indicating support for UL full power mode 0 would normally never indicate support for mode1 or mode2 for the same band combination.
Observation 5: UE indicating support for UL full power mode 1 would normally never indicate support for mode0 or mode2 for the same band combination.
Observation 6: UE indicating support for UL full power mode 2 would normally never indicate support for mode0 or mode1 for the same band combination.
And proposed the following:
Proposal 1: RAN2 to clarify whether the UE should always indicate UL full power capabilities consistently across the (UL) featureSets linked to the same band combination entry.
Proposal 2: RAN2 to clarify whether UE is allowed to report multiple UL full power mode capabilities per BC.
Proposal 3: RAN2 to discuss what is the typical case where UE would support UL full power mode for a BC.
Proposal 4: RAN2 to discuss whether the current description of dependencies between the UL full power mode capabilities should be clarified.

Annex A: UL Full power mode usage in TS38.213
[bookmark: _Toc12021445][bookmark: _Toc20311557][bookmark: _Toc26719382][bookmark: _Toc29894813][bookmark: _Toc29899112][bookmark: _Toc29899530][bookmark: _Toc29917267][bookmark: _Toc36498141][bookmark: _Toc45699167][bookmark: _Toc90376654]7.1	Physical uplink shared channel
For a PUSCH transmission on active UL BWP , as described in clause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in clause 7.1.1. For a PUSCH transmission scheduled by a DCI format other than DCI format 0_0, or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-	if ul-FullPowerTransmission in PUSCH-Config is provided, the UE scales  by  where:
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode1, 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 ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode2, 
-	 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 an SRS resource indicated by an SRI field in a DCI format scheduling the PUSCH transmission if more than one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', or indicated by Type 1 configured grant, 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', 
-	, if an SRS resource with a single port is indicated by an SRI field in a DCI format scheduling the PUSCH transmission when more than one SRS resource is provided in the SRS-ResourceSet with usage set to 'codebook', or indicated by Type 1 configured grant, or if only one SRS resource with a single port is provided in the SRS-ResourceSet with usage set to 'codebook', and 
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpower, 
-	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. 

