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1	Introduction and problem description
RAN4 has had approximately two years of maintenance discussion on high power UE (higher than PC3, i.e. 23 dBm) power class aspects, reaching nearly no progress. As of today, RAN4 specifications explicitly indicate when HPUE is applicable for a band, as well as when HPUE is applicable to be used in CA configuration. 
UEs having HPUE(=>26dBm) hardware support need to reduce power back to PC3(23dBm) in CA operation in case the HPUE basket work has not been completed. This may happen in DL CA with single UL carrier when simply configuring a second DL carrier can result in an output power drop of at least 3dB. This is illustrated in Figure 1.
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Figure 1: In case HPUE is not explicitly specified for CA, UE needs to reduce output power and leave it’s HW capabilities unused.
Second similar case is inter-band UL CA. Configuring UE for two uplinks may force UE to limit its output power to the power limit defined by the carrier aggregation power class for transmissions occurring only on single band instead of using the maximum power it is capable of in that band.
2	Solution
Given that the issue is exists already in closed releases, the best approach is to give an allowance for UE to exceed CA power class, and allow them to indicate higher output power up to the level supported for single carrier operation. When formulated as an allowance UE can take full advantage of the higher output power capability, but also, the divergence from existing RAN4 HPUE introduction as well as regular UE power class indication is minimized this way. 
Network needs to be made aware of UE power capabilities. Existing UE capability ue-PowerClassPerBandPerBC can be used to indicate maximum power for each individual band in a CA configuration. Therefore, UE can use this capability to unambiguously inform network of the used maximum output power without impact to single carrier (capability ue-PowerClass) or CA (capability powerClass).
Proposal 1: Allow UE to maintain HPUE maximum transmit power capability in inter-band DL CA with single UL carrier even when HPUE requirements are not yet completed for the CA configuration. Allow UE to indicate its power class for single uplink CC in the DL CA configuration without restrictions to network using ue-PowerClassPerBandPerBC.
Proposal 2: Allow UE to maintain HPUE maximum transmit power capability in inter-band UL CA for transmission occasions occurring only on single UL carrier even when HPUE requirements are not yet completed in corresponding basket WI in RAN4 for the CA configuration. Allow UE to indicate its power class for single carrier transmissions for each CC in uplink CA configuration to network using ue-PowerClassPerBandPerBC.
One of the debated aspects in RAN4 have been the relationship of this allowance and MSD specifications, i.e. potential UE receiver desensitization due to higher output power. MSD requirements are based on an artificial worst case reference point to set minimum UE RF performance based on a specific channel bandwidth, center frequency and RB allocation, while in field operation different parameters can be used. It is rare that such worst case spectrum allocation is held by an operator and on top of that worst case scheduling occurs. The specifications should not penalize the performance of all the CA combinations due to some corner cases.

If there is still a concern on DL performance, network has means to limit the maximum output power used by configuring Pmax on the CC transmitting UL

Therefore, it is sufficient to maintain the existing MSD requirements as a reference point and specify that if HPUE requirements are not yet defined for the higher power classes, MSD shall be verified at default power class power level (e.g PC3).

Proposal 3: If HPUE requirements for single UL with DL CA are not specified, MSD is verified at default power class output power level.

RAN should endorse the proposals to allow the UE to transmit up to the maximum power it is capable of on a single CC and RAN4 can discuss and approve the necessary CR in the upcoming meeting.

Proposal 4: RAN to endorse the proposals to allow the UE to transmit up to the maximum power it is capable of in each band and task RAN4 to agree the necessary CRs.

Envisioned changes to RAN4 specifications are provided for reference in Annex. 

3	Conclusion
Based on current RAN4 specifications UEs are not allowed to utilize their real maximum output power capability but instead need to artificially reduce output power back to default power class even when only single UL carrier with DL CA is used. This results in reduced maximum output power and therefore lost coverage and UL performance. Following proposals are made to allow UEs to take advantage of their higher output power capability even if the 3GPP process for the CA configuration is not yet fully completed.
Proposal 1: Allow UE to maintain HPUE maximum transmit power capability in inter-band DL CA with single UL carrier  even when HPUE requirements are not yet completed for the CA configuration. Indicate this to network using ue-PowerClassPerBandPerBC.
Proposal 2: Allow UE to maintain HPUE maximum transmit power capability in inter-band UL CA for transmission occasions occuring only on single UL carrier even when HPUE requirements are not yet completed for the CA configuration. Indicate this to network using ue-PowerClassPerBandPerBC.
Proposal 3: If HPUE requirements for single UL with DL CA are not specified, MSD is verified at default power class output power level.
Proposal 4: RAN to endorse the proposals to allow the UE to transmit up to the maximum power it is capable of in each band and task RAN4 to agree the necessary CRs from Rel-17.
Envisioned changes to RAN4 specifications are provided for reference in Annex.
4	Annex
Changes needed to TS 38.101-1 RAN4 specifications to enable Proposal 1 and 2
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Maximum output power for single UL transmissions in inter-band CA is not bounded by the power class for the band combination indicated by powerClass and specified in clause 6.2A.1. powerClass is ignored in setting the configured maximum output power for CA with single CC UL when UE indicates higher power class than powerClass for a band using IE ue-PowerClassPerBandPerBC-r17. In such scenario the PC2 and PC1.5 applicability note in clause 5.5A is not required to be in place and UE shall meet the requirements for power class indicated for the band by ue-PowerClassPerBandPerBC-r17.
NOTE:	The non-CA and CA configurations for which minimum requirements have been evaluated for Power Class 2 or Power Class 1.5 operation are indicated in clause 5.5A.
6.2A.1	UE maximum output power for CA
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[bookmark: _Toc21344438][bookmark: _Toc29801925][bookmark: _Toc29802349][bookmark: _Toc29802974][bookmark: _Toc36107716][bookmark: _Toc37251490][bookmark: _Toc45888397][bookmark: _Toc45888996][bookmark: _Toc61367714][bookmark: _Toc61373097][bookmark: _Toc68231047][bookmark: _Toc69084460][bookmark: _Toc75467471][bookmark: _Toc76509493][bookmark: _Toc76718483][bookmark: _Toc83580830][bookmark: _Toc84405339][bookmark: _Toc84413948]For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one NR band the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A.3.2, and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1 with parameters specified in  Table 7.3.2-1a, Table 7.3.2-1b, Table 7.3.2-2, Table 7.3.2-3, and in Table 7.3F.2-1, Table 7.3F.2-2, Table 7.3F.2-3 for inter-band CA with one shared spectrum channel access band, modified in accordance with clause 7.3A.3.2. The reference sensitivity is defined to be met with all downlink component carriers active and one of the uplink carriers active. Exceptions to reference sensitivity are allowed in accordance with clause 7.3A.4, 7.3A.5 and 7.3A.6. When UE indicates higher power class than powerClass for a band of a single UL and DL CA configuration using ue-PowerClassPerBandPerBC-r17, and this higher power class is not applicable according to clause 5.5A.3, reference sensitivity including exceptions in accordance with clause 7.3A.4 and 7.3A.6 shall be tested with output power limited to power class indicated by powerClass.
For the combination of intra-band and inter-band carrier aggregation, the intra-band CA relaxation, ΔRIBC and ΔRIBNC, are also applied according to the clause 7.3A.2.1 and 7.3A.2.2.
7.3A.2.4	Void
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