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1	Introduction
In RAN4#98bis-e, a number of companies expressed strong interest in increasing the max output power limit for CA/DC [1]. In the following we further share our views on the topic.
2	Discussion
2.1 Problem Description
As shown below, there’re four power configurations described in the PC2 WID [2].The objectives of the core part are as follows:
1) Specify the applicable "SAR scheme" for power class 2 UE to facilitate compliance with the SAR limits for band combinations of power class 2
· For NR inter-band CA with 2 bands uplink, specify the scheme for inter-band UL CA to facilitate compliance with SAR limits for band combinations of power class 2
i. The power configurations include four cases as shown below

UE power class
NR Carrier x power class
NR Carrier y power class
Case a
26dBm
23dBm
23dBm
Case b
26dBm
23dBm
26dBm
Case c
26dBm
26dBm
23dBm
Case d
26dBm
26dBm
26dBm


In 3 out of the 4 configurations, the UE is capable of transmitting more power than the limit set by the CA power class. However, as per current specifications, the total output power measured over all component carriers from different bands shall not exceed the limit set by the CA power class at any given time (one OFDM symbol duration). This restriction is mandated by the RAN4 spec of TS 38.101[3] as shown below.
And the RAN1 spec of TS 38.211[4] as shown below.[bookmark: _Toc12021452][bookmark: _Toc20311564][bookmark: _Toc26719389][bookmark: _Toc29894820][bookmark: _Toc29899119][bookmark: _Toc29899537][bookmark: _Toc29917274][bookmark: _Toc36498148]7.5	Prioritizations for transmission power reductions
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ]. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: ], the UE does not include power for transmissions starting after the symbol of transmission occasion [image: ]. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 


[bookmark: _Toc59649985][bookmark: _Toc61357249][bookmark: _Toc61359023]6.2A.1.3	UE maximum output power for Inter-band CA
[bookmark: _Hlk44002507]For inter-band downlink carrier aggregation with one uplink carrier assigned to one NR band, the transmitter power requirements in clause 6.2 apply.
For inter-band uplink carrier aggregation with uplink assigned to two NR bands, UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is defined as the sum of maximum output power from each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms). The maximum output power is specified in Table 6.2A.1.3-1.
For PC3 inter-band carrier aggregation with one uplink component carrier assigned to one NR band in NR band n41, n77, n78, and n79, the requirements for power class 2 are not applicable and the corresponding requirements for a power class 3 UE shall apply.



2.2 Proposed Solution
In order to realise the full potential of UE’s PA configuration while minimising the impact to the existing specifications, it is propose to define new power classes that are applicable to band combinations only. For example, BC power classes: PC2a, PC2b, PC2c and PC2d may be defined for the four PA configurations as listed in the WID [1], respectively. For combinations including NR-U bands, BC power classes PC2e and PC2f may be defined for the PA configuration: 23dBm + 20dBm and 26dBm + 20dBm, respectively. 
Under the BC power class definition, the max total output power is the sum of max output power per band for the indicated PA configuration. For example, PC2a indicates 23+23=26dBm, PC2b indicates 23+26=27.8dBm, and etc.
The new BC power classes can be reported to the network via existing power class reporting signaling, e.g. the BandCombination IE. The main advantages of BC-only power classes are:
· BC power classes are applicable for band combinations only and hence do not affect the existing single band power class definitions;
· BC power classes are compatible with existing power control rules in both RAN4 and RAN1 specs;
· Apart from max total output power, BC power classes indicate the PA configuration of the UE, i.e. the max output power for each component band;
· By indicating the PA configuration, it helps the network interpret the PHR report correctly and perform the per-cell power control more accurately;
· By indicating the PA configuration, it helps the network interpret UE’s SAR capability under band combinations;
· BC power classes can be generalized to more than two bands combinations, e.g. extend the definitions from PC2x to PC3x, etc.
2.3 Further Study
During RAN4#98bis-e, a number of concerns were raised on increasing the max output power limit, including [1]:
· Possible impact to regulations
· Possible impact to 3GPP specifications 
· Possible need for signaling
· Possible impact to SAR and whether existing mechanisms such as duty cycle need to be enhanced
· Possible impact on RAN4 requirements, such as MPR, emissions, coexistence, MSD
· Possible impact to measurement and test cases
These are all valid concerns and any potential solution should resolve the above issues. It is envisaged that the increase of max output power for inter-band CA/DC would cause the least impact, hence we propose RAN4 start the work on inter-band combinations first. Given the complexity of the topic, a dedicated study item is more suitable for further discussions.
3	Conclusion
A potential solution is discussed to increase the max output power limit for inter-band CA/DC. And the following proposals are presented:
Proposal 1: Define Band Combination (BC) only power classes to signal the max total power limit as well as PA configuration.
Proposal 2: FFS possible impact of increasing the max output power limit.
Proposal 3: RAN4 prioritises the work on inter-band combinations.
Proposal 4: Discuss the topic in a dedicated SI in Rel-18.
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