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	Reason for change:
	1. For inter-band UL CA band combinations (BC), the PHR for serving cells are not correct in case 

· the power class of the band combination is lower than the NR-band power class

· the power class for a band is modified (derated) by the per-band-per-BC power class ue-PowerClassPerBandPerBC-r17

2. The PCMAX is not consistent with the definition of PCMAX in 38.213, the former more related to the PUMAX requirement rather than the threshold to be used for power prioritization when the UE is power limited.




	                
	 

	Summary of change:
	Clause 6.2A.4:

1. the Pcmax,f,c for each serving cell of the band combination is modified with the limits appliable when the UE is configured with inter-band UL CA.

2. PCMAX is modified to be consistent with the definition in 38.213 and evaluated for a transmission occasion only accounting for other transmissions overlapping with the said occasion. Table 6.2A.4.1.3-0 of the evaluation window is removed for inter-band UL CA.

3. The measured output power PUMAX is verified similar to that for EN-DC with due account for power prioritization.





	
	

	Consequences if not approved:
	The PHR is overestimated when the power class of the band combination is lower that of the NR-band or when the power class for a band is modified (derated) by the per-band-per-BC ue-PowerClassPerBandPerBC-r17.

The PCMAX is not consistent with the definition of PCMAX in 38.213.
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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.
For a UE configured with uplink inter-band CA, tThe 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 maximum UE power for serving cell c as specified in Table 6.2.1-1 without taking into account the tolerance and as indicated by ue-PowerClassPerBandPerBC-r17, if present, ue-PowerClass otherwise;
-	PEMAX,CA is the value indicated by p-NR-FR1 or by p-UE-FR1 whichever is the smallest if both are present;
-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 for the band combination without taking into account the tolerance specified in the Table 6.2A.1.3-1; 
-	ΔPPowerClass,CA = 3 dB for a power class 2 capable UE when the requirements of default power class of the band combination are applied as specified in sub-clause 6.2A.1.3; otherwise ΔPPowerClass, CA = 0 dB.  
except that the UE power class for serving cell c on the specific operating band shall be determined by the ue-PowerClassPerBandPerBC-r17 IE [7] as indicated for the band combination if signalled.
For uplink inter-band carrier aggregation, The MPRc and A-MPRc apply per serving cell c and transmission occasion asre specified in clause 6.2.2 and clause 6.2.3, respectively. P-MPR c accounts for power management for serving cell c. PCMAX,f,c  is calculated under the assumption that the transmit power is increased independently on all serving cells ccomponent carriers. If the UE indicates higherPowerLimit-r17 as specified in Table 6.2A.1.3-1 and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c, where pPowerClass,c is the maximum UE power for serving cell c as specified in sub-clause 6.2.4 and given in linear scale. 
The total configured maximum output power PCMAX shall be set within the following bounds :
	PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band, the total configured maximum output power on serving cells in a respective transmission occasion l of any numerology is 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 (l) = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA- – ΔPPowerClass, CA}
withwhere PEMAX,CA, PPowerClass,CA and ΔPPowerClass, CA as specified above and 
-	pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max [7] if present for serving cell c.  in [7];
-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1; If the UE indicates higherPowerLimit-r17 for an eligible CA configuration as specified in Table 6.2A.1.3-1 and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c.
-	pPowerClass,c is the linear value of the maximum UE power for serving cell c specified in Table 6.2.1-1 according to ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass otherwise without taking into account the tolerance;
-	ΔPPowerClass,CA = 3 dB for a power class 2 capable UE when the requirements of default power class are applied as specified in sub-clause 6.2.A.1.3; otherwise ΔPPowerClass, CA = 0 dB;  
-	mpr c and a-mpr c are the linear values of MPR c and A-MPR c as specified in clause 6.2.2 and clause 6.2.3, respectively;
-	∆mpr c is the linear value of ∆MPR c as specified in clause 6.2.2;
-	pmprc is the linear value of P-MPR c;
-	∆tRxSRS,c  is the linear value of ∆TRxSRS,c;
-	tC,c is the linear value of TC,ctC,c = 1.41 when NOTE 2 in Table 6.2A.1.3-1 applies for a serving cell c, otherwise tC,c = 1;
-	tIB,c  is the linear value of the inter-band relaxation term TIB,c of the serving cell c as specified in clause 6.2A.4.2 for NR CA, clause 6.2C.2 for SUL, or TS 38.101-3 clause  6.2B.4.2 for EN-DC; otherwise tIB,c In case the UE supports more than one of band combinations for CA, SUL or DC, and an operating band belongs to more than one band combinations then
a)	When the operating band frequency range is ≤ 1 GHz, the applicable additional TIB,c shall be the average value for all band combinations defined in clause 6.2A.4.2, 6.2C.2 in this specification and 6.2B.4.2 in TS 38.101-3 [3], truncated to one decimal place that apply for that operating band among the supported band combinations. In case there is a harmonic relation between low band UL and high band DL, then the maximum ∆TIB,c among the different supported band combinations involving such band shall be applied
b)	When the operating band frequency range is > 1 GHz, the applicable additional ∆TIB,c shall be the maximum value for all band combinations defined in clause 6.2A.4.2, 6.2C.2 in this specification and 6.2B.4.2 in TS 38.101-3 [3] for the applicable operating bands.
-	PEMAX,CA is the value indicated by p-NR-FR1 or by p-UE-FR1 whichever is the smallest if both are present.For uplink inter-band carrier aggregation with one serving cell c per operating band when at least one different numerology/slot pattern is used in aggregated cells, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of slot numerology type i, and its total configured maximum output power PCMAX.
If the UE indicates higherPowerLimit-r17 as specified in Table 6.2A.1.3-1 and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c. 
If for the case of one uplink serving cell per band a transmission occasion l within a slot p(q) of numerology or symbol pattern i(j) on a serving cell is overlapping in time with one or more transmission occasions m = mk within one or more slots q(p) of slot numerology or symbol pattern j(i) on the other serving cell overlapping with slot p(q) in time, the UE allocates power to transmissions such that the total UE transmit power for transmissions on serving cells is smaller than or equal to PCMAX (l) in every symbol of transmission occasion l as specified in [8].
The configured maximum output power PCMAX,c(i),i (p) in slot p of serving cell c(i) on slot numerology type i shall be set within the following bounds:
PCMAX_L,f,c(i),i (p) ≤  PCMAX,f,c(i), i (p) ≤  PCMAX_H,f,c(i),i (p)
where PCMAX_L,f,c (i),i (p) and PCMAX_H,f,c(i),i (p) are the limits for a serving cell c(i) of slot numerology type i as specified in clause 6.2.4, except that the UE power class for the serving cell c(i) on the specific operating band shall be determined by the ue-PowerClassPerBandPerBC-r17 IE [7] as indicated for the band combination if signalled.
The total UE configured maximum output power PCMAX (p,q) in a slot p of slot numerology or symbol pattern i,  and a slot q of slot numerology or symbol pattern j that overlap in time shall be set within the following bounds unless stated otherwise:
PCMAX_L(p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)
When slots p and q have different transmissions lengths and belong to different cells on different bands:
PCMAX_L (p,q) = MIN {10 log10 [pCMAX_L,f,c(i),i (p) + pCMAX_L,f,c(i),j (q)], PPowerClass,CA, PEMAX,CA}
PCMAX_H (p,q) = MIN {10 log10 [pCMAX_ H,f,c(i),i (p) + pCMAX_ H,f,c(i),j (q)], PPowerClass,CA, PEMAX,CA}
where pCMAX_L,f,c (i),i  and pCMAX_ H,f,c(i),i  are the respective limits PCMAX_L,f,c (i),i and PCMAX_H,f,c(i),i expressed in linear scale and pPowerClass,c is the linear value of the maximum UE power for serving cell c specified in Table 6.2.1-1 according to ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass otherwise without taking into account the tolerance; If the UE indicates higherPowerLimit-r17, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c.
For combinations of intra-band and inter-band carrier aggregation with UE configured for transmission on three serving cells with (up to two contiguously aggregated carriers per operating band and PUSCH/PUCCH/SRS transmissions of the same numerology on all serving cells in each operating band ), the following applies for a respective transmission occasion ly:
PCMAX (l) = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA – ΔPPowerClass, CA}
with parameters as specified above. The total configured maximum output power PCMAX for the two contiguously aggregated cells shall be set as specified in sub-clause 6.2A.4.1.1 with PPowerClass,CA for the intra-band part replaced by the UE power class for the operating band. For the two contiguously aggegated serving cells c, the PCMAX,f,c  is set with MPRc = MPR and A-MPRc = A-MPR and P-MPR c = P-MPR for the operating band as specified in sub-clause 6.2A.4.1.1, while PCMAX,f,c  for the remaining serving cell c in the other operating band is calculated under the assumption that the transmit power is increased independently for the two operating bands. 
The UE power class for the serving cell(s) ion the operating band  Bi including intra-band carrier aggregation is indicated by the parameter ue-PowerClassPerBandPerBC-r17 if present, ue-PowerClass otherwiseshall be determined by the ue-PowerClassPerBandPerBC-r17 IE [7] as indicated for the band combination if signalled.
If for the case of three uplink serving cells the said transmission occasion l within a slot p of numerology or symbol pattern i on a serving cell c1(i) in one operating band is overlapping in time with one or more transmission occasions m = mk within a slot of the same numerology in the same operating band and/or with one or more transmission occasions n = nk in one or more slots q of slot numerology or symbol pattern j on any serving cell c2(j) in the other operating band overlapping with slot p in time, the UE allocates power to transmissions such that the total UE transmit power for transmissions on all serving cells is smaller than or equal to PCMAX (l) in every symbol of transmission occasion l as specified in [8].
For the case when p and q belong to the same band and k belongs to a different band, but p, q and k are of the same numerology and slot patterns.
	PCMAX_L = MIN {10log10∑( pCMAX_L, Bi), PEMAX,CA, PPowerClass.CA }
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass.CA }
Where
-	pCMAX_L, Bi is the linear values of PCMAX_L specified for the specific operating band Bi.
-	The linear value of PCMAX_L specified for uplink intra-band contiguous carrier aggregation in subclause 6.2A.4.1.1 applies for operating band supporting two contiguous serving cells, designated by its band index Bi. The linear value of PCMAX_L specified for single carrier in subclause 6.2.4 applies for operating band Bj supporting one serving cell. 
For the case when p and q belong to the same band and are of the same numerology i and slot patterns (p,q),while k belong to a different band and is of different numerology j and/or slot pattern on the 3rd cell then:
PCMAX_L (p,q,k) = MIN {10 log10 [pCMAX_L,Bi,i(p,q) + pCMAX_L,c(3),Bj,j(k)], PEMAX,CA, PPowerClass.CA }
PCMAX_H (p,q,k) = MIN {10 log10 [pCMAX_ H,Bi,i (p,q) + pCMAX_ H,c(3), Bj,j(k)], PEMAX,CA, PPowerClass.CA }
Where
-	pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];
-	PEMAX,CA is p-UE-FR1 value signalled by RRC and defined in [38.331];
-	PPowerClass.CA is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1 or Table 6.2F.1A.1-1 for shared spectrum bands;
-	pCMAX_L,c(3),Bj,j(k) and pCMAX_ H,c(3), Bj,j(k) are the linear values of PCMAX_L and PCMAX_H respectively, specified for single carrier in subclause 6.2.4 and applies for operating band supporting one serving cell in the Bj band on numerology j, using slot pattern k;
-	pCMAX_L,Bi,i(p,q)  and pCMAX_ H,Bi,i (p,q) are the linear values of PCMAX_L respectively PCMAX_H for uplink intra-band contiguous carrier aggregation specified in subclause 6.2A.4.1.1 which applies for operating band Bi on numerology i, supporting two contiguous serving cells, using the same slot pattern (p,q).
TREF and Teval are specified in Table 6.2A.4.1.3-0 when same and different slot patterns are used in aggregated carriers. For each TREF, the PCMAX_L is evaluated per Teval and given by the minimum value taken over the transmission(s) within the Teval; the minimum PCMAX_L over the one or more Teval is then applied for the entire TREF. The lesser of PPowerClass,CA and PEMAX,CA shall not be exceeded by the UE during any period of time.
Table 6.2A.4.1.3-0: PCMAX evaluation window for different slot and channel durations
	TREF
	Teval
	Teval with frequency hopping

	TREF of largest slot duration over both UL CCs
	Physical channel length
	Min(Tno_hopping, Physical Channel Length)



If the UE is configured with multiple TAGs and transmissions of the UE on slot i for any serving cell in one TAG overlap some portion of the first symbol of the transmission on slot i +1 for a different serving cell in another TAG, the configuration of PCMAX (l) for a transmission occasion l also includes the UE minimum of PCMAX_L for slots i and i + 1 applies for any transmission occasions in the overlapping portion of slots i and i + 1. The lesser of PPowerClass,CA and PEMAX,CA shall not be exceeded by the UE during any period of time.
For the case of one uplink serving cell per band, tThe measured maximum output power PUMAX over all serving cells during a transmission occasion l within a slot p of numerology or symbol pattern i on serving cell c(i) overlapping in time with one or more transmission occasions m = mk within one or more slot(s) q of slot numerology or symbol pattern j on serving cell c(j) overlapping with slot p in time with same slot pattern shall be within the following range:
	P’CMAX_L (l)   – MAX{TL, TLOW(P’CMAX_L (l)) }  ≤  PUMAX  ≤  P’CMAX_H (l)   +  THIGH(P’CMAX_H (l))
with
	PUMAX = 10 log10 ∑ pUMAX,f,c
P'CMAX_L (l) = MINk{10 log10[pCMAX_L,f,c(i)(l) + pCMAX_L,f,c(j)(m)]} of all m = mk
P'CMAX_H (l) = MIN{MAXk{10 log10[pCMAX_H,f,c(i)(l) + pCMAX_H,f,c(j)(m)], PCMAX (l)} of all m = mk
when pCMAX,f,c(i)(l) + pCMAX,f,c(j)(m) ≤ pCMAX (l) for all transmission occasions l and m = mk with pUMAX,f,c and pCMAX the respective measured maximum output power for serving cell c and total configured maximum power expressed in linear scale, and within the following range when the UE prioritizes power of transmissions
	P’CMAX_L (l) – MAX{TL, TLOW(P’CMAX_L (l)) }  ≤  PUMAX  ≤  PCMAX (l)  + THIGH(PCMAX (l))
with the lower limit modified to
P'CMAX_L (l) = PCMAX_L,f,c(i)(l)
and pCMAX,f,c(i)(l) + pCMAX,f,c(j)(m) > pCMAX (l) for at least one m = mk and with the priority of each transmission occasion l higher than those of all transmission occasions m = mk according [8]. 
where pUMAX,c  denotes the measured maximum output power for serving cell c expressed in linear scale. The tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX are specified in Table 6.2A.4.1.3-1. The tolerance TL is the absolute value of the lower tolerance for applicable NR CA configuration as specified in Table 6.2A.1.3-1-2 for inter-band carrier aggregation. The period of measurement shall be at least one sub-frame.
For combinations of intra-band and inter-band carrier aggregation with UE configured for transmission on three serving cells with up to two contiguously aggregated carriers per operating band and PUSCH/PUCCH/SRS transmissions of the same numerology on all serving cells in each operating band, the measured maximum output power PUMAX over all serving cells during a transmission occasion l is determined as  
	P’CMAX_L (l)   – MAX{TL, TLOW(P’CMAX_L (l)) }  ≤  PUMAX  ≤  P’CMAX_H (l)   +  THIGH(P’CMAX_H (l))
with
	PUMAX = 10 log10 ∑ pUMAX,f,c
P'CMAX_L (l) = MIN{10 log10[pCMAX_L,f,c(i)(l) + ∑ pCMAX_L,f,c]}
P'CMAX_H (l) = MIN{MAX{10 log10[pCMAX_H,f,c(i)(l) + ∑ pCMAX_H,f,c], PCMAX (l)}
when pCMAX,f,c(i)(l) + ∑ pCMAX,f,c ≤ pCMAX (l) for all transmission occasions l and any overlapping transmission occasions of the same or different numerology on the two other serving cells c, and within the following range when the UE prioritizes power of transmissions
	P’CMAX_L (l) – MAX{TL, TLOW(P’CMAX_L (l)) }  ≤  PUMAX  ≤  PCMAX (l)  + THIGH(PCMAX (l))
with the lower limit modified to
P'CMAX_L (l) = PCMAX_L,f,c(i)(l)
and pCMAX,f,c(i)(l) + ∑ pCMAX,f,c > pCMAX (l) for transmission occasion l or any other overlapping transmission occasion on the other serving cells c and with the priority of the each transmission occasion l higher than those of the said overlapping transmission occasions.
The measured maximum output power PUMAX over all serving cells, when at least one slot has a different transmission numerology or symbol pattern, shall be within the following range:
	P'CMAX_L–  MAX{TL, TLOW (P'CMAX_L)} ≤  P'UMAX  ≤  P'CMAX_H + THIGH (P'CMAX_H)
	P'UMAX = 10 log10 ∑ p'UMAX,c
where p'UMAX,c  denotes the average measured maximum output power for serving cell c expressed in linear scale over TREF. The tolerances TLOW(P'CMAX) and THIGH(P'CMAX) for applicable values of P'CMAX are specified in Table 6.2A.4.1.3-1 for inter-band carrier aggregation. The tolerance TL is the absolute value of the lower tolerance for applicable NR CA configuration as specified in Table 6.2A.1.3-1 for inter-band carrier aggregation.
where:
	P'CMAX_L  = MIN{ MIN {10log10∑( pCMAX_L,f,c(i),i), PPowerClass,CA} over all overlapping slots in TREF}
	P'CMAX_H = MAX{ MIN{10 log10 ∑ pEMAX,c , PPowerClass,CA} over all overlapping slots in TREF}
If the UE indicates higherPowerLimit-r17, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c

Table 6.2A.4.1.3-1: PCMAX tolerance for uplink inter-band CA (two bands)
	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(PCMAX)
(dB)

	23 ≤ PCMAX ≤ 28
	3.0
	2.0

	22 ≤ PCMAX < 23
	5.0
	2.0

	21 ≤ PCMAX < 22
	5.0
	3.0

	20 ≤ PCMAX < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAX < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0
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