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1 Introduction
EN-DC power class has been discussed in previous meetings, but no conclusion on how to reflect it in the RAN4 specification. With progress of specifying the requirements for intra-band EN-DC and release independent requests for some Rel-16 introduced EN-DC band combinations, it is necessary to make it clear in the specification which power class of EN-DC as well as the power class for NR and LTE bands for a band combination are supported as it impacts not only the specification completeness but also the UE/network implementation. 
2 Discussion

2.1 Status on EN-DC power class in RAN4
WF on Power Class EN-DC was agreed in [1]. In the agreed WF, the following EN-DC power classes with combination of LTE and NR power classes are supported. 

	Option
	EN-DC power class
	LTE power class
	NR Power class

	A
	PC3
	PC3
	PC3

	B
	PC2
	PC2
	PC3

	C
	PC2
	PC3
	PC2

	D
	PC3
	PC2
	PC3

	E
	PC3
	PC3
	PC2

	F
	PC2
	PC2
	PC2

	G
	PC3
	PC2
	PC2

	H
	PCX (>PC2)
	PC2
	PC2

	I
	PC2
	PC3
	PC3


However, in Rel-15 we only have power class 2 for intra-band EN-DC and power class 3 for both intra-band and inter-band EN-DC. And operators are seeking to support PC2 TDD inter-band EN-DC in Rel-15 as well [2 CMCC tdoc]. 

In current specification, some requirements for intra-band EN-DC are based on certain pre-conditions especially for those requirements based on measurement results, e.g. the MPR requirement specified as below:
MPR in this subclause is applicable for power class 3 and power class 2 UEs indicating IE dualPA-Architecture supported with ENDC power class being the same as the E-UTRA and NR power class.
With consideration of the possible release independent request for TDD+TDD HPUE EN-DC, as least we could have the following power class combinations in Rel-15. 

	Option
	EN-DC power class
	LTE power class
	NR Power class

	A
	PC3
	PC3
	PC3

	B
	PC2
	PC2
	PC3

	F
	PC2
	PC2
	PC2

	I
	PC2
	PC3
	PC3


2.2 Signalling design for EN-DC power class
Based on EN-DC power class WF, an LS was sent to RAN2 on UE capability of EN-DC power class [3]. 
Besides the per band UE power class, new power class for EN-DC was introduced in RAN2 specification and the default power class is PC3. 
	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 power class for NR is indicated separately as that for EN-DC band combination. As described in the RAN2 spec, if power class indicated for NR band is lower than the power class for EN-DC, the maximum output power for NR band in the combination is determined by the NR band capability. While for E-UTRA, the power class for CA can be indicated in the EN-DC combination. Even though CA bandwidth class A can represents single carrier, if the later on, more than 2 CC UL transmission is supported and the capability for single carrier is not identical for CA scenario, the ue-CA-PowerClass-N under CA parameter for E-UTRA is not enough. 
Observation 1: No per band power class upon the EN-DC band combination is defined in RAN2 signalling
2.3 Discrepancy between RAN4 and RAN2 spec
Here we use some examples to explain the discrepancy between RAN4 and RAN2 on the EN-DC power class. 
For intra-band EN-DC, we have the following power class for DC_(n)41AA. 
Table 6.2B.1.1-1: Maximum output power for EN-DC (continuous sub-blocks)

	DC configuration
	Power class 2

(dBm)
	Tolerance

(dB)
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_(n)71AA
	
	
	23
	+2/-3

	DC_(n)41AA
	26
	+2/-21
	23
	+2/-21

	NOTE 1:
If all transmitted resource blocks over all component carriers are confined within FUL_low and FUL_low + 4 MHz or/and FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 2:
Power Class 3 is the default power class unless otherwise stated.


For PC2 EN-DC DC_(n)41AA, it is possible for UE to support PC3 for both LTE and NR band under the combination. However, we know that for standalone n41, it can support PC2 with 2Tx. In Rel-15, EN-DC cannot transmit 1Tx in LTE and 2Tx in NR, which means only 23dBm can be supported for n41 in DC_(n)41AA. While if the per band power class for n41 is indicated as PC2, based on the RAN2 spec, there is no limitation for network to schedule transmission power larger than 23dBm for n41 in the DC combination. Obviously, it is not supported by UE architecture for DC_(n)41AA if 2Tx is implemented for the NR band. 
Similarly, for PC2 inter-band EN-DC DC_39_n41, if HPUE UL MIMO is supported for n41 SA mode, due to the architecture limitation, only 23dBm can be supported for n41 in the EN-DC combination. 
The examples above show that the power class for LTE and NR bands could be different for these bands under EN-DC band combination in Rel-15, which is not supported by current RAN2 signalling design. 

Observation 2: For Rel-15 EN-DC combinations, the power class for LTE or NR bands for SA mode could be different from that in NSA mode, and current RAN2 per band combination power class capability does not support to indicate them separately.

3 Conclusion

Discrepancy between RAN4 and RAN2 spec on EN-DC power class has been identified and discussed in this contribution, the issue was partially contributed by the unclear definition of EN-DC power class in RAN4 specification. As a consequence of the discrepancy, it could affect both the UE and network implementation and behaviour. Thus, it is proposed that a clear indication of power classes for EN-DC and corresponding LTE and NR bands should be specified in RAN4 Rel-15 specification. In addition, an LS should be sent to RAN2 to implement the power class capabilities accordingly in the spec as well. 

Observation 1: No per band power class upon the EN-DC band combination is defined in RAN2 signalling
Observation 2: For Rel-15 EN-DC combinations, the power class for LTE or NR bands for SA mode could be different from that in NSA mode, and current RAN2 per band combination power class capability does not support to indicate them separately.

Proposal 1: It is proposed that a clear indication of power classes for EN-DC and corresponding LTE and NR bands should be specified in RAN4 Rel-15 specification.
Proposal 2: Send an LS to RAN2 of the agreement on EN-DC power class and ask RAN2 to introduce new per band power class capability under EN-DC band combinations.

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