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1 Background
In this contribution we propose a framework for the specification of PC 1.5 intra-band combinations for Rel-19 in view of 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.
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 intra-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 WF [2] lists two different architectures for supporting intra-band UL CA with PC1.5, table entries agreed are included below, cases where views differ in square brackets,
Table 1: architectures for supporting intra-band UL CA with PC1.5

	Architecture
	Description
	Indicated capability
	Support UL MIMO
	Applicable cases
	Note

	#1
	2x26 dBm PA + 2 LO with 100MHz BW
	dualPA-Architecture
	No
	[C]/NC CA
	No Frequency Separation limitation

	#2
	2x26 dBm PA + 1 LO with 200MHz BW
	TxD
	Yes
	C/[NC] CA
	


According to this WF, the contiguous case should be prioritized,
Way forward: 
Both options are considered for next meeting discussion, FFS on down selection of UE architectures

· Prioritize UL contiguous CA

but this appears like business as usual, whereas the UL non-contiguous CA case requires specification of a new MPR framework. The non-contiguous case is motivated by fragmented spectrum allocations (operator blocks) in bands.
2 MPR for the contiguous and non-contiguous cases
The main modification of the general framework for the intra-band CA case is the MPR and configured maximum output power specifications. 

Observation 1: 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 specification. Each CC can be transmitted up to 29 dBm, but the UE may then be power limited.
This presumably corresponds to a UE with Architecture #2, this UE does not indicate dualPA-Architecture but a frequency separation class for a supported non-contiguous UL CA configuration instead:
	intraBandFreqSeparationUL-AggBW-GapBW-r16

Indicates the UL frequency separation class between lower edge of lowest CC and upper edge of highest CC of Intra-band UL non-contiguous CA, i.e. including both the aggregated bandwidth and the gap bandwidth. 3 frequency separation classes are introduced and the values are defined in Table 5.3A.5-2 of TS 38.101-1 [2].
	BC
	No
	N/A
	FR1 only


with the following values
Table 5.3A.5-2: NR intra-band non-contiguous UL CA frequency separation classes

	NR NC UL CA frequency separation class
	Maximum allowed frequency separation

	I
	100 MHz

	II
	200 MHz

	III
	[600MHz]


For the contiguous and non-contiguous UL CA cases specified in thus far, 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.
This specification of MPR enables transmission of all serving cells by a single PA architecture. However
Observation 2: power control of serving cells is independent for any UL intra-band CA, the current MPR specification tailored for single-PA transmission nevertheless assumes the MPR is the same for all serving cells equal to the MPR of the total UE power.
Higher power classes can be supported by 2Tx, including PC1.5. For a PC1.5 band combination, each CC could attain up to 29 dBm by 2Tx: the UE prioritizing and the UL transmissions should the total power of all CCs exceed 29 dBm; the Scell power is scaled in case its transmission priority is lower or the same as that of the Pcell, for example. 

For an UL intra-band non-contiguous BC with a larger carrier spacing for which dualPA-architecture is indicated, a more fundamental change of the MPR framework is needed for then the UE would not be power limited: up to 26 dBm for each cell and PC1.5 per-BC power class unless the UE reduces maximum power due to exposure limits. 
Observation 3: for a PC1.5 UE supporting UL non-contiguous CA cases with each CC transmitted by a separate Tx, the current MPR framework should be reconsidered: each CC can only be transmitted up to 26 dBm and the PC1.5 UE would not be power limited (unless limited by MPE). 
A large MPR on one of the cells due to e.g. a high MCS implies a large MPR on the other cell even if not needed, which may lead to undue power scaling of the Scell and lower-priority transmissions even though the UE is not power limited, the maximum output power per Tx chain is still 3 dB below the power class. Thus
Observation 4: for PC1.5 and dual PA architecture, the current framework with equal MPR for all serving cells may lead to dropping or undue scaling of the Scell power even though the UE is not power limited.

Example: for a BC supported by a single-PA architecture, a large MPR on one of the cells due to a high MCS as reduced from the total UE power necessarily implies a large MPR on the other cell. An Scell would be scaled as the UE is power limited by the reduction of the total power.
The current specification of the MPR for the intra-band non-contiguous case is also based on reduction of the total power even if the UE supports a dual PA architecture.
Furthermore, the power per RB for the serving cells as determined by their corresponding UL power equations can be significantly different, particularly for non-collocated cells, requirements for intra-band UL CA with non-collocated cells are specified for an MTTD of 36 us in Rel-18, from 38.133,

For FR1 intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative transmission timing difference as shown in Table 7.5.4-1, between slot timing of all FR1 pairs of TAGs provided that UE indicates that it is capable of [intraBandNRCA-NonCollocated-r18] and [nonCollocatedTypeNR-CA-r18] is not provided.
Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier aggregation

	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2-1
	8.5 Note1

	Between FR1 and FR2-1
	26.1 

	Between FR1 and FR2-2
	26.1

	Note1:
This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.


The MPRc for the serving cells c should therefore not be equal for PC1.5 supported by a dual-PA architecture. The transmit power can (almost) be increased independently on the CCs, even though there may be a dependence between the required power reduction on the serving cells depending on the power levels due to coupling.
Proposal 1: for intra-band non-contiguous CA supported for PC1.5 by a dual PA architecture (Architecture #1), the MPRc for the serving cells c shall not be equal, MPRc ≠ MPR with MPR the reduction of the total UE power. The transmit power can be increased (almost) independently on the CCs, although there may be dependence between the required power reduction on serving cells depending on power levels.
This even if not consistent with the current specification for intra-band UL CA.

3 The PCMAX
The PCMAX for UL CA in 38.101-1 appears to be decoupled from the corresponding threshold in 38.213 used for prioritization of transmission occasions when the UE is power limited and more related to the measurement of the total power PUMAX in the RAN4 specification as discussed in []. The 38.213 refers to the 38.101-1 for the value of PCMAX for a transmission occasion of a physical channel on any serving cell (CA) or carrier (SUL). This is similar to the EN-DC case, but without any specified behavior on the scaling of lower-priority transmissions. 

For the total UE power and the power per cellPCMAX/PCMAX,f,c, the WF [2] lists the following 
-  FFS For R19 PC1.5 intra-band non-contiguous /contiguous ULCA with two 26dBm PAs and one PA per CC, the PCMAX is modified as follows to account for RB BW imbalances 

PCmax=10*log(10^(26/10) + 10^((26-10*log(LCRB1*SCS1/(LCRB2*SCS2)))/10)) 

-
Other options are not precluded
If the transmit power PCMAX,f,c can be increased (almost) independently on uplink serving cells for a PC1.5 UE indicating dualPA-Architecture, then the PCMAX for the measurement of the PUMAX could be based on the existing for inter-band UL CA:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band when same slot symbol pattern is used in all aggregated serving cells,


PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass.c/(MAX(mprc·∆mprc, a-mprc)·tC,c ·tIB,c·tRxSRS,c) , pPowerClass,c/pmprc], PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
This is essentially the same as
PCMAX_L = MIN {10 log10 ∑pCMAX_L,f,c, PEMAX,CA, PPowerClass,CA  – ΔPPowerClass, CA}
PCMAX_H = MIN {10 log10 ∑pCMAX_H,f,c, PEMAX,CA, PPowerClass,CA  – ΔPPowerClass, CA}
assuming that the UE does not prioritize power and cells are transmitted at maximum (in conformance tests). The PCMAX,f,c per serving cell should be upper bounded by 26 dBm.

Hence
Proposal 2: for UEs indicating dualPA-Architecture (Architecture #1) the total configured output power PCMAX for the band combination is given by clause 6.2A.4.1.3 for inter-band CA in the current version of 38.101-1, the same applies for TxD.
The tolerances can be the same as for the inter-band CA case.

4 Changes to 38.101-1 for dualPA-Architecture
The power PCMAX,f,c must be modified for non-contiguous combinations with PC1.5 regardless any MPR changes since the power per cell is limited to 26 dBm with Architecture #1. The PCMAX,f,c can be upper bounded by  
· ue-PowerClassPerBandPerBC-r17 for each band entry, a sub-block of a non-contiguous CA band combination, set to ‘pc2’ if the UE supports the BC with PowerClass-v1610 indicated (PC1.5); or
· the per-band power class (PPowerClass - ΔPPowerClass) with ΔPPowerClass = 3 dB if ue-PowerClassPerBandPerBC-r17 is absent and PowerClass-v1610 (PC1.5) is present.
This would also work for PC2 band combinations (PowerClass-v1530 indicated) implemented by either 23 or 26 dBm PAs with ΔPPowerClass set to either 0 dB or 3 dB if ue-PowerClassPerBandPerBC-r17 is absent (that could otherwise be set to ‘pc3’). This would also work for PC3 band combinations, then powerClass-v1530 and ue-PowerClass are absent, and the default per-band and per-BC power classes apply.
The changes would be as follows, also assuming that the MPR is specified for each serving cell and that the total UE is specified like for inter-band CA:
< start of changes >
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 UE configured with an uplink non-contiguous intra-band CA configuration for which dualPA-Architecture is supported, the configured maximum output power PCMAX,c  for each transmission occasion on serving cell c shall be set as specified in clause 6.2.4 modified by PEMAX,CA, PPowerClass,CA and ΔPPowerClass,CA as follows, 

PCMAX_L,f,c = MIN {MIN(PEMAX,c, PEMAX,CA) – ∆TC,c,  MIN(PPowerClass – ΔPPowerClass, PPowerClass,CA – ΔPPowerClass,CA) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }

PCMAX_H,f,c = MIN {PEMAX,c, PPowerClass – ΔPPowerClass, PEMAX,CA, PPowerClass,CA – ΔPPowerClass,CA}

where 
-
PPowerClass is the supported UE power class in the NR band of serving cell c specified in sub-clause 6.2.1 without taking into account the tolerance as indicated by ue-PowerClassPerBandPerBC-r17 if present, ue-PowerClass/ue-PowerClass-v1610 in Band NR otherwise; 
-
ΔPPowerClass = 3 dB if ue-PowerClassPerBandPerBC-r17 is absent and PowerClass-v1610 [PC1.5] is present;
-
PEMAX,CA, PPowerClass,CA and ΔPPowerClass,CA are as specified below for the PCMAX of the band combination;
The MPRc and A-MPRc per serving cell c are as determined by the respective subclause 6.2A.2.2 and 6.2A.3.1.2 and are determined according to the power class PPowerClass – ΔPPowerClass when ue-PowerClassPerBandPerBC-r17 < that can indicate a lower power class for a band entry e.g. PC2 > is absent. P-MPR c accounts for power management for serving cell c. PCMAX,c  is calculated under the assumption that the transmit power is increased independently on all component carriers.
The total configured maximum output power PCMAX shall be set within the following bounds:


PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink intra-band non-contiguous carrier aggregation when same slot pattern is used in all aggregated serving cells, 

PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC , PEMAX,CA,(PPowerClass,CA– ΔPPowerClass,CA) – MAX(MAX(MPRc, A-MPRc) + ΔTIB,c + TC + DTRxSRS, P-MPR ) }

PCMAX_H  = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA ,PPowerClass,CA– ΔPPowerClass,CA)}
while for a UE configured with an uplink non-contiguous intra-band CA configuration for which dualPA-Architecture is supported < the same as for inter-band CA >

[PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass.c/(MAX(mprc·∆mprc, a-mprc)·tC,c ·tIB,c·tRxSRS,c) , pPowerClass,c/pmprc], PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}]
where 
-
pEMAX,c is the linear value of PEMAX,c which is given by IE P-Max for serving cell c in [7];

-
PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.2-1 without taking into account the tolerance;

-
MPR and A-MPR are specified in subclause 6.2A.2 and subclause 6.2A.3 respectively;

-
ΔPPowerClass,CA = 3 dB for a power class 2 UE when the requirements of default power class are applied as specified in sub-clause 6.2.A.1.2; otherwise ΔPPowerClass,CA = 0 dB;

NOTE:
UE reports ∆PPowerClass,CA when [∆PPowerClass,CA reporting capability XXX-r18 is present], dpc-Reporting-FR1 [7] is configured and the reporting is triggered only by uplink duty cycle exceedance or by return to the powerClass after the duty cycle exceedance.
< end of changes >
These changes would not affect the behaviour of UEs in the field implementing non-contiguous CA according to the current version.
5 Proposal
We make the following
Observation 1: 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 specification. Each CC can be transmitted up to 29 dBm, but the UE may then be power limited.
Observation 2: power control of serving cells is independent for any UL intra-band CA, the current MPR specification tailored for single-PA transmission nevertheless assumes the MPR is the same for all serving cells equal to the MPR of the total UE power.

The main modification of the general framework for support of PC1.5 intra-band combinations appears to be the MPR specification:  
Observation 3: for a PC1.5 UE supporting UL non-contiguous CA cases with each CC transmitted by a separate Tx, the current MPR framework should be reconsidered: each CC can only be transmitted up to 26 dBm and the PC1.5 UE would not be power limited (unless limited by MPE). 
Observation 4: for PC1.5 and dual PA architecture, the current framework with equal MPR for all serving cells may lead to dropping or undue scaling of the Scell power even though the UE is not power limited.

Therefore, it is proposed that

Proposal 1: for intra-band non-contiguous CA supported for PC1.5 by a dual PA architecture (Architecture #1), the MPRc for the serving cells c shall not be equal, MPRc ≠ MPR with MPR the reduction of the total UE power. The transmit power can be increased (almost) independently on the CCs, although there may be dependence between the required power reduction on serving cells depending on power levels.
Proposal 2: for UEs indicating dualPA-Architecture (Architecture #1) the total configured output power PCMAX for the band combination is given by clause 6.2A.4.1.3 for inter-band CA in the current version of 38.101-1, the same applies for TxD.
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