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1 Introduction
EN-DC power class has been discussed extensively in last RAN4 and RAN plenary meetings [1][2]. It seems that companies have different understanding of the existing RAN2 signalling design. In the last RAN4 meeting a way forward was agreed as below: 
· Clarification on UE behavior for EN-DC mode when UE with 2 23dBm PAs declare PC2 in NR SA operation 
· No new RAN4 core requirements introduced in Rel-15 
· Alt 1: handled by RAN4 only (see Vivo/Sprint WF), inform RAN2
· Alt 2: by asking RAN2 to add clarification of the EN-DC NR power capability in 38.306 Rel-15 without change of the UE behaviour (no NBC)
· Other alternatives are not precluded. 

This contribution provides further consideration on EN-DC power class from RAN2 point of view. 
2 Discussion

2.1 Signalling design for EN-DC power class
Based on previous RAN4 WF EN-DC power class [3], an LS was sent to RAN2 on UE capability of EN-DC power class. 
Besides the per band UE power class, new power class per band combination was introduced in RAN2 specification and the default power class is PC3. The corresponding signalling are excerpted as below.
	BandNR ::=                          SEQUENCE {

    bandNR                              FreqBandIndicatorNR,

    modifiedMPR-Behaviour               BIT STRING (SIZE (8))                       OPTIONAL,

    mimo-ParametersPerBand              MIMO-ParametersPerBand                      OPTIONAL,

    extendedCP                          ENUMERATED {supported}                      OPTIONAL,

    multipleTCI                         ENUMERATED {supported}                      OPTIONAL,

    bwp-WithoutRestriction              ENUMERATED {supported}                      OPTIONAL,

    bwp-SameNumerology                  ENUMERATED {upto2, upto4}                   OPTIONAL,

    bwp-DiffNumerology                  ENUMERATED {upto4}                          OPTIONAL,

    crossCarrierScheduling-SameSCS      ENUMERATED {supported}                      OPTIONAL,

    pdsch-256QAM-FR2                    ENUMERATED {supported}                      OPTIONAL,

    pusch-256QAM                        ENUMERATED {supported}                      OPTIONAL,

ue-PowerClass                       ENUMERATED {pc1, pc2, pc3, pc4}             OPTIONAL,
...
BandCombinationList-v1540 ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1540

BandCombination ::=                 SEQUENCE {

    bandList                            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,

    featureSetCombination               FeatureSetCombinationId,

    ca-ParametersEUTRA                  CA-ParametersEUTRA                      OPTIONAL,

    ca-ParametersNR                     CA-ParametersNR                         OPTIONAL,

    mrdc-Parameters                     MRDC-Parameters                         OPTIONAL,

    supportedBandwidthCombinationSet    BIT STRING (SIZE (1..32))               OPTIONAL,

    powerClass-v1530                    ENUMERATED {pc2}                        OPTIONAL
CA-ParametersEUTRA ::=                          SEQUENCE {

    multipleTimingAdvance                           ENUMERATED {supported}                          OPTIONAL,

    simultaneousRx-Tx                               ENUMERATED {supported}                          OPTIONAL,

    supportedNAICS-2CRS-AP                          BIT STRING (SIZE (1..8))                        OPTIONAL,

    additionalRx-Tx-PerformanceReq                  ENUMERATED {supported}                          OPTIONAL,

    ue-CA-PowerClass-N                              ENUMERATED {class2}                             OPTIONAL,
    supportedBandwidthCombinationSetEUTRA-v1530     BIT STRING (SIZE (1..32))                       OPTIONAL,

    ...

}
powerClass
Power class that the UE supports when operating according to this band combination. If the field is absent, the UE supports the default power class. If this power class is higher than the power class that the UE supports on the individual bands of this band combination (ue-PowerClass in BandNR), the latter determines maximum TX power available in each band. The UE sets the new power class parameter only in band combinations with two FR1 uplink serving cells.


It can be seen from the current signalling design that the total power class for EN-DC BC and LTE side power class in ENDC are indicated explicitly. The ue-PowerClass in band NR is used to indicate the power class for NR SA, and it also is used to restrict power class for NR side in EN-DC mode as below:
	Total Power Class in EN-DC
	LTE side power in EN-DC
	NR side power class in EN-DC
	NR power class in SA

	powerClass-v1530 in BC
	ue-CA-PowerClass-N in CA-ParametersEUTRA                            
	ue-PowerClass in band NR 
	ue-PowerClass in band NR


That means the UE cannot indicate different power class for NR side in EN-DC mode than the power class indicated for NR SA. 
In NR SA, if PC2 (26dbm) as well as UL MIMO are indicated for a NR band, 23+23dBm 2Tx would be assumed for the UE architecture based on previous RAN4 agreement. For EN-DC implementation from most vendors in current stage, Tx chain for LTE is reused from one of the 2 Tx chains for NR SA mode. And in such case, the power class for NR side in EN-DC operation would be PC3 (23dbm) which is lower than power class for NR SA mode. Thus the problem occurs for the current signalling where the ue-PowerClass in band NR is used to restrict the power class for both SA and NR side in NSA. For example, the following power class distribution can’t be reported by the UE:
	EN-DC power class
	LTE power class for ENDC  
	NR Power class in ENDC mode
	NR SA Power class

	PC2
	PC3
	PC3
	PC2


In such example, If PC3 for NR side in ENDC mode can’t be indicated to the network, the network will use PC2 as the power class for the NR side in EN-DC mode, this will degrade the scheduling performance, for example, the gNB would grant more resources than the UE could actually use due to power limitation.  
Observation1: the UE cannot indicate different power class for NR side in EN-DC mode than the power class indicated for NR SA, and this will degrade the scheduling performances for some UE implementation where some NR SA Tx capability is reused by LTE side in EN-DC mode.
In the current way forward in RAN4, the Alt 2 requires RAN2 to clarify this in 38.306 as below: 
· Alt 2: by asking RAN2 to add clarification of the EN-DC NR power capability in 38.306 Rel-15 without change of the UE behaviour (no NBC)
The straightforward way is to add a power class for NR side in EN-DC BC, However as discussed in RAN4 already, some companies have concern that introduction of new signalling in such a late stage for Rel-15 specification may not be possible. In order to address this kind of concern, the signalling may not be introduced in RAN2 specification in Rel-15, but some clarification would be needed. Since the major implementation in current stage is that Tx chain for LTE is reused from one of the 2 Tx chains for NR SA mode in such case, the simplest way is to explicitly specify that the NR side power class is PC3 in case the total EN-DC power class is PC2 and the power class in bandNR is PC2 and the UE supports UL MIMO in this band.
Proposal 1: the NR side power class is PC3 in the EN-DC BC where:
 The total power class for the BC is PC2 and
 The power class in bandNR is PC2 and
 The UE supports UL MIMO on this NR band

If proposal 1 is agreed, this would introduce a limitation on such BC on the power class used for NR side in EN-DC BC. If in later stage, a UE equipped with (26 TX +23 TX) in NR side appears, it can’t indicate PC2 in NR side in EN-DC mode even if it supports it. To avoid such limitation in future, we suggest that an explicit signalling for the power class for NR side in MR-DC mode is introduced in BC level.
Proposal 2: an explicit signalling for the power class for NR side in MR-DC mode is introduced in BC level.

3 Conclusion

This contribution provided consideration on EN-DC power class from RAN2 point of view, and the following observations and proposals were made: 

Observation1: the UE cannot indicate different power class for NR side in EN-DC mode than the power class indicated for NR SA, and this will degrade the scheduling performances for some UE implementation where some NR SA Tx capability is reused by LTE side in EN-DC mode.
Proposal 1: the NR side power class is PC3 in the EN-DC BC where:

 The total power class for the BC is PC2 and
 The power class in bandNR is PC2 and
 The UE supports UL MIMO on this NR band

Proposal 2: an explicit signalling for the power class for NR side in MR-DC mode is introduced in BC level.

A corresponding CR is provided in [4] to clarify the supported EN-DC power class for EN-DC band combinations in Rel-15 specification. 
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