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1 Background
In this contribution we propose to reuse the existing signaling and define new power power classes for band combinations as needed for support of a higher UE power limit. The sum method should not be considered: it only further increases power-class reporting options, adds uncertainty to applicable tolerances and must consider legacy power-class signaling anyway. 
The WF agreed in [1] lists
· The following agreements have been reached in RAN4 #101-e

· Signaling is needed.  The details of signaling are still FFS.

· The “sum method” or some variant of it shall be considered and focused on in the study phase 

· Regulatory:  In general, regulatory requirements are per band so there are not expected to be any issues.  However, in some countries there may be regulatory limits on total power.  So, the Pemax_CA (or equivalent mechanism, P_NR for NR-CA, and there is correspoding parameter for EN-DC as defined in 36.331) needs to be in place to limit total power.

· SAR:  Existing mechanisms of P-MPR and duty cycle reporting are sufficient.  Some wording change may be needed.

· No impact to RAN1 has been identified so far
The different options were compared in [2], proposed changes to introduce the sum method presented in [3] and an alternative framework for the sum method presented in [4]. 
The existing band-combination power class for DC and CA is defined in 38.306
	powerClass, powerClass-v1610

Indicates power class 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 power class parameter only in band combinations that are applicable as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. This capability is not applicable to IAB-MT.
	BC
	No
	N/A
	FR1 only


with the powerClass specified as 
    powerClass-v1530                    ENUMERATED {pc2}                            OPTIONAL
and the powerClass-v1610 as
    powerClass-v1610                    ENUMERATED {pc1dot5}                   OPTIONAL,

It is straightforward to extend the power class to include new power classes whenever needed. 
2 UE behaviour

The options considered do not imply any change of the UE behaviour. According to [3], the sum metod modifies the lower and upper limits of PCMAX by replacing the existing Ppowerclass,CA with the sum of the band-specific power classes if the capability fullPowerUL-CA is indicated, the legacy signaling applies if not. The PCMAX is determining when the UE is power limited and should start prioritizing power of transmission as per 38.213; this applies regardless of the option used for increasing the UE power limits in the PCMAX definition in the RAN4 specifications. The maximum power per serving cell is still governed by the PCMAX,f,c.
It is not clear which problem the sum method intends to solve. The resulting values of the nominal power classes implied by taking the sum must be considered separately in the specifications anyway and mapped to an appropriate power tolerance for band combinations indicating fullPowerUL-CA (and listed in BC tables for UEs not indicating this). 
3 Regulatory limits and SAR compliance
The total output power of UEs is subject to regulation. The existing signaling allows a limitation of the total UE power in dedicated signaling (UE specific) for both CA and DC, the relevant fields are
· NR CA
· p-NR-FR1 for the entire cell group, i.e. total power of any CA band combination in this group
· there is also a cell-specific P-Max but affects all UEs in the cell
· NR-DC
· p-UE-FR1 limiting the total power of both cell groups

· p-NR-FR1 for each cell group 
· EN-DC

· p-maxUE-FR1 (36.331) limiting the total power of both cell groups
· p-maxEUTRA-r15 for the EUTRA cell group (MCG)
· p-NR-FR1 the NR leg (38.331), the cell group (SCG)
These override any power class indication and must be included in the relevant configured maximum power bounds, no matter any increased power limits.
Regarding SAR compliance, the WF [1] lists the P-MPR method. It is always available but not specified and its relation to PCMAX unclear, the network is not aware of the actual total power capability of the HPUE. Adding the sum method would not remedy this. The duty cycle reporting is already difficult to use, but the UE can at least indicate the band-combination power class (powerClass) that is mapped to the duty-cycle reporting used.
4 TxD
The TxD capability txDiversity-r16 mainly indicates that a supported power class is implemented by multiple TX chains, an indication of uncertain value for the network but can modify the power class in a band for MR-DC
	powerClassNRPart-r16

Indicates NR part power class the UE supports when operating according to this band combination.

This field only applies for MR-DC BCs containing only single CC or intra-band CA in NR side in this release.
	
	BC
	No
	N/A
	FR1 only


taking the values
        powerClassNRPart-r16                ENUMERATED {pc1, pc2, pc3, pc5}        OPTIONAL,

This does not modify the PCMAX for EN-DC, which is still limited by the indicated power class for the band combination. 

For the PC1.5 band and band-combination capability, an implementation of two 26 dBm TX chains is already implied. PC1.5 is covered by existing signaling.

The sum method includes a new IE modifying the NR power class [3]
in case IE XXXX[indicating power class in a CA configuration] as defined in TS 38.331 [9] is indicated, PPowerClass,NR should use that value instead
presumably modifying the value of the sum. If the NR power class for a band combination depends on e.g. TxD implementation across multiple TX chains, then this can be accommodated for by a relevant power class indication for the band combination in case the total power is affected.
5 MSD and unwanted emissions
The MSD for different cases depends on the power class per band. This is essentially a test of the linearity of the UE (front end), but also indicates band combinations for which the DL performance may be impaired. Notwithstanding, the MSD is only specified for limited cases and only for equal power per UL in the IMD case, this is not even the worst case given a total power capability of the band combination. 
The MSD would have to be considered for relevant band combination no matter the option used for increasing the UE power limit. The contribution [5] provides a good exposition of the relevant cases and the resulting observation that

“Observation 3: Regarding PC2 for NR inter-band, MSD values due to cross-band isolation, harmonic interferer, and harmonic mixing are provided in TR 38.841. These MSD requirements in TR 38.841 can be reused irrespective of adopting option 1 or option 2 for enabling PC2 MOP high limit.”
Regarding unwanted emissions, thee must be met for any DC or CA power class. Additional limits indicated by NS signaling are typically per band, regulatory requirements must be met per band regardless of any UL CA band combination.
In some cases there are regulations on the in-band power, n77 and n30 are two examples for which an EIRP limit applies and for any UE configuration within these bands.
6 Proposal
The sum method should not be considered: it only further increases power-class reporting options, adds uncertainty to applicable tolerances and must consider legacy power-class signaling anyway. We propose that
Proposal 1: reuse the existing signaling and define new power power classes for band combinations as needed for support of a higher UE power limit.
Proposal 2: send an LS to RAN2 to ask for an extension of the band-combination power class to e.g. powerClass-v17xy with a list of new classes.               
This would complete the work item, band combinations with increased power limits handled in the conventional manner.
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