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1 Background
In this contribution we consider PC 1.5 band combinations for Rel-19 and the general framework for high power classes agreed in the WID [1] for UE RF enhancements for NR FR1/FR2 and EN-DC work item.
2 UL inter-band CA with PC1.5 capability
For inter-band CA requirements, it is noted in the justification of the WID [1] that
“[…] the feature of increasing high power limit [only inter-band CA] was introduced since Rel-17. After Rel-18, now it can only support the cases of one FDD UL carrier with PC3 plus one TDD UL carrier with PC2, and one FDD UL carrier with PC3 plus one UL carrier with PC5. The current specification structure is to define the total maximum output power over the whole band combination. Under that structure, the different power class combinations should be introduced separately for a given power class of band combination, which is the sum of component UL CC powers. Such approach causes the inefficiency and high workload or delay to introduce the band combinations with high power.”
and 

“Besides, with the introduction of 3Tx across 2 bands, the additional dimension for consideration appears. In the future, the combinations of bands, power classes and transmit antenna (Tx) numbers might need be considered. So in order to optimize the standardization of high power band combinations, the general framework of supporting increasing UE power limit would be needed.”
The objectives for inter-band CA are as follows
· PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx for handheld and FWA, and PC1.5 and PC2 for two band EN-DC with 2Tx and/or 3Tx for handheld and FWA

· Focus on the SAR solution

· Enable power class 2 (PC2) and PC1.5 of two band inter-band uplink CA and EN-DC with 3Tx for handheld UE

· Identify and update the requirements if necessary

· Only PC3 is considered for LTE FDD in EN-DC 

· NOTE: leave the band combination specific requirements, e.g., MSD to the corresponding Rel-19 basket WIs

· Investigate and if feasible, support increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE with the different existing power classes which have already been specified
First, we observe that

Observation 1: there is no need to focus on the SAR solution for the objectives of the Rel-19 WID for the PC1.5 UE for any CA configurations to be considered; the SAR solution can be provided by the “P-MPR method”, no need to consider further duty-cycle reporting for PC1.5 capable UEs.
Specification of two-band inter-band CA with PC1.5 capability it appears to be business as usual except possible for the 3Tx case: “leave the band combination specific requirements, e.g., MSD to the corresponding Rel-19 basket WIs” – but are conductive MSD requirements for verification of RFFE linearity and isolation needed for all higher power classes?
Example 1: exceptions for intermodulation for UL CA configurations specifies the MSD for DL cells for different power classes: the MSD for a band combination increases with the UL power class as shown for the example CA_n2-n77 from the tables in clause 7.3A.5 of 38.101-1 Rel-18. Compliance with the requirement for PC3 only would not imply excessive MSD for a PC1.5 UL that otherwise meets the standard TX requirements for the two UL bands:
a. exceptions for per-BC PC2 with ≤ 23 dBm UL power on both bands, MSD up to 32 dB
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b. exceptions for per-BC PC1.5 with ≤ 27.8 dBm in one band and ≤ 23 dBm in the other, the MSD increases, up to 35 dB…
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The problem in the field is that HPUEs configured with CA reduce their output power capability for top-level or fallback BC just because of missing MSD requirements; many other factors not reflected in the worst-case MSD conformance test determine the actual degradation in the field if any. 
Proposal 1: conductive MSD conformance tests for UL CA configurations are not necessary for all possible higher power classes like PC1.5 in case the UE meets the exception for the default power class. An exception is still needed in case the standard REFSENS requirement can be met for the default power class but not for the higher power class.
For an UL inter-band CA similar to that in Example 1, an exception for the high-power class PC1.5 would be needed should the MSD = 0 dB for all IMD orders for the default per-BC power class or PC2, while an MSD > 0 dB would be needed for the per-BC power class PC1.5. However, in this case the conducted MSD is likely to be modest (as it would not be needed for slightly lower power levels of the uplinks); see also [2] for further details. 
Notwithstanding the above, we observe that
Observation 2: the UE must meet regulatory transmitter requirements for any supported band combination and power class, while it may be sufficient to justify compliance with regulatory receiver requirements by compliance with REFSENS and selectivity requirements for the default power classes of the bands of the BC.
The regulatory receiver requirement require that UE receiver is resilient to (external) interference from other radio services or the mobile service for ensuring spectrum efficiency, the own TX is the worst interferer.  

Regarding the objectives of PC2 and PC1.5 for two band inter-band uplink CA and EN-DC with 3Tx for handheld UEs and support of increased UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE, we first observe that
Observation 3: for two-band inter-band combinations with UL-MIMO in one band implemented with 3Tx, the UL-MIMO power class is the same as the per-band power class regardless of transmissions in the other band, exposure limits allowing. 
In case the highPowerLimit is indicated, the UE is capable of transmitting up to the sum of the per-band power classes of the two bands without prioritizing the UL power if allowed by exposure limits, support of this should be possible even though MSD requirements are not specified for the sum, e.g. ‘PC3 + PC1.5’. The higherPowerLimit indication replaces the powerClass indication provided there is no power capability fallback, i.e. only for ΔPPowerClass, CA = 0. The problem is that the gNB is not aware if a ΔPPowerClass, CA = 3 dB is applied or if used at all by the UE for SAR management: 
Observation 4: the per-BC power class may be ambiguous when the higherPowerLimit is present for the BC regardless of the number of Tx and power class supported, the gNB not aware if the UE is in power-capability fallback due to SAR; the higherPowerLimit indication replaces the powerClass only when the UE is not in power-capability fallback.
3 UL intra-band CA with PC1.5 capability
For intra-band CA requirements, it is noted in the justification of the WID [1] that

“[…] although the band combinations for NR PC1.5 intra-band contiguous/non-contiguous UL band combinations have already been widely proposed by operators in Rel-18, the related work was postponed because the new common requirements are needed and there was lack of TU. Besides, in Rel-18 PC1.5 is only supported on one UL carrier of downlink (DL) band combinations. Many proposals to add PC1.5 for inter-band UL CA or DC were observed.” 
The objectives for inter-band CA are as follows

· Power class 1.5 (PC1.5) UE for NR TDD intra-band UL contiguous and non-contiguous CA with 2Tx

· Specify the requirements for intra-band UL contiguous CA with or without UL-MIMO

· Example band combinations: 

· CA_n41C, CA_n78C, CA_n77C, CA_n79C for intra-band uplink contiguous CA configurations

· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution

· Specify the requirements for intra-band UL non-contiguous CA without UL-MIMO

· Example band combinations: 

· CA_n78(2A), CA_n77(2A) for intra-band uplink non-contiguous CA configurations

· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution

· NOTE: leave the other band combination specific requirements to the corresponding Rel-19 basket WIs

The main modification of the general framework for the intra-band CA case appears to be the MPR specification. However, we observe that 

Observation 5: for a PC1.5 UE supporting DL-only intra-band CA or UL contiguous or non-contiguous CA cases with the CCs combined in baseband, it is business as usual, no change of the MPR framework.
The MPR is the same for each UL CC, the same as the MPR for the total intra-band power, from 38.101-1,

6.2A.4.1.2
Configured transmitted power for Intra-band non-contiguous CA

For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX.

The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in subclause 6.2.4.
The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in subclause 6.2.4, but with MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR as determined by subclause 6.2A.2 and 6.2A.3, respectively. For PH reporting the following exception applies: if the UE is configured with multiple uplink serving cells, the power PCMAX,c  used for the purpose of PH reporting on first serving cell c = c1 does not consider for computation of the PH report transmissions on a second serving cell c2 as exempted  in subclause 7.7.1 in [8]. There is one power management term for the UE, denoted P-MPR, and P-MPR c = P-MPR.
For a PC1.5 per-BC power class, each CC can attain up to 29 dBm by 2Tx, the UE scaling UL transmissions if the total power of the two CCs would exceed 29 dBm. 
For UL intra-band non-contiguous case with a larger carrier spacing for which dualPA-architecture (2 LO) is expected (?) for the BC, a more fundamental change of the MPR framework for
· the UE would not be power limited, up to 26 dBm for each CC and PC1.5 per-BC power class unless the UE reduces maximum power due to exposure limits. 

We observe that
Observation 6: for a PC1.5 UE supporting UL non-contiguous CA cases with each CC transmitted by a separate Tx, the MPR framework must be changed: each CC can only transmit up to 26 dBm and the PC1.5 UE would not need prioritize UL power. 
Notwithstanding the above, is UL intra-band non-contiguous CA with PC1.5 a common use case? Would the MPR for concurrent transmissions up to a 29 dBm total power be feasible?
4 Proposal
For PC 1.5 band combinations and the general framework for higher power we observe that

Observation 1: there is no need to focus on the SAR solution for the objectives of the Rel-19 WID for the PC1.5 UE for any CA configurations to be considered; the SAR solution can be provided by the “P-MPR method”, no need to consider further duty-cycle reporting for PC1.5 capable UEs.
The problem in the field is that HPUEs configured with CA reduce their output power capability for top-level or fallback BC just because of missing MSD requirements
Proposal 1: conductive MSD conformance tests for UL CA configurations are not necessary for all possible higher power classes like PC1.5 in case the UE meets the exception for the default power class. An exception is still needed in case the standard REFSENS requirement can be met for the default power class but not for the higher power class.
but

Observation 2: the UE must meet regulatory transmitter requirements for any supported band combination and power class, while it may be sufficient to justify compliance with regulatory receiver requirements by compliance with REFSENS and selectivity requirements for the default power classes of the bands of the BC.
For PC1.5 inter-band combinations with 3Tx, we observe that
Observation 3: for two-band inter-band combinations with UL-MIMO in one band implemented with 3Tx, the UL-MIMO power class is the same as the per-band power class regardless of transmissions in the other band, exposure limits allowing. 

and regardless of the number of Tx
Observation 4: the per-BC power class may be ambiguous when the higherPowerLimit is present for the BC regardless of the number of Tx and power class supported, the gNB not aware if the UE is in power-capability fallback due to SAR; the higherPowerLimit indication replaces the powerClass only when the UE is not in power-capability fallback.
For PC1.5 intra-band combinations with 2Tx, 
Observation 5: for a PC1.5 UE supporting DL-only intra-band CA or UL contiguous or non-contiguous CA cases with the CCs combined in baseband, it is business as usual, no change of the MPR framework.
whereas

Observation 6: for a PC1.5 UE supporting UL non-contiguous CA cases with each CC transmitted by a separate Tx, the MPR framework must be changed: each CC can only transmit up to 26 dBm and the PC1.5 UE would not need prioritize UL power. 
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