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	Reason for change:
	For RAN4#100-e:
Implement the CR in RP-210850 postponed (but technically endorsed) by RAN#91-e. The changes of this CR are not conditioned or dependent on changes in considered for other clauses (notably MPR values for dual TX specified in the WI NR_RF_TxD-Core), references are made to general provisions for power class 2 in the relevant sub-clauses.


For RAN#91-e:
For an UL CA configuration with UL TX switching (switching between carrier 1 and carrier 2), RAN#88-e approved a Rel-16 CR in RP-201338 enabling 3 dB power boosting on carrier2 allowing UL CA PC3 implementations with the same power capability as the SUL/NUL alternative; 26 dBm on carrier2

The RAN#88-e agreement for switched UL is captured in a WF in RP-201365. The WF allows maintenance of RAN4 specifications.

Since RAN4#96 (August 2020) Ericsson has provided RAN4 Cat-F CRs with correction of the total configured maximum power PCMAX for CA that does not allow 3 dB boosting, currently limited to 23 dBm for PC3. The RAN#88-e agreement for UL CA can not be implemented without violating the specification, but RAN4 is unable to agree the necessary changes proposed.

This CR was treated at RAN4#98-e without resolution, one company consistently objecting. The RAN4 chairman therefore recommended that the CR be treated by RAN.


Reason for change as stated in the CR 0648r1 for RAN4#98-e:
For an inter-band UL CA configuration with UL TX switching (switching between carrier 1 and carrier 2), the maximum power on carrier 2 is boosted by 3 dB if the uplinkTxSwitchingPowerBoosting-r16 is enabled and the capability uplinkTxSwitching-PowerBoosting-r16 is supported by the UE. This is currently specified in clause 6.3A.3.3 on the transmit ON/OFF time mask for inter-band CA, but should be specified in the clause on configured power (Pcmax) for CA. However, the Pcmax for UL CA does not allow 3 dB power boosting for the BC, the total power is capped by the default CA power class (PC3); a modification is needed. The UE would apply prioritization of the transmissions according to clause 7.5 of 38.213 already at Pcmax = 23 dBm.

The 38.331 specifies the conditions that apply when the uplinkTxSwitchingPowerBoosting-r16 is enabled (CellGroupConfig)

uplinkTxSwitchingPowerBoosting
Indicates whether the UE is allowed to enable 3dB boosting on the maximum output power for transmission on carrier2 under the operation state in which 2-port transmission can be supported on carrier2 for inter-band UL CA case with dynamic UL Tx switching as defined in TS 38.101-1 [15]. Network can only configure this field for dynamic UL Tx switching in inter-band UL CA case with power Class 3 as defined in TS 38.101-1 [15].

The UE behavior with uplinkTxSwitchingPowerBoosting enabled is governed by the 38.331, the 38.101-1 only specifies the associated maximum output power requirement that applies under the conditions cited above
 


	
	

	Summary of change:
	Clause 6.2A.1.3: for CA configuration of PC3, the requirements for PC2 for uplink operation in n41, n77, n78 and n79 apply when the uplinkTxSwitchingPowerBoosting-r16 is enabled and uplinkTxSwitching-PowerBoosting-r16 is supported.

Clause 6.2A.2.3: it is clarified that the MPR for power class 2 applies when boosting is enabled.

Clause 6.2A.3.1.3: it is clarified that the A-MPR for power class 2 applies when boosting is enabled.

Clause 6.2A.4.1.3: the PCmax for UL CA is modified with boosting for the default CA power class (PC3). This change does not modify the CA power class indicated for the band combination (the default), but the PCMAX for CA is increased (and the threshold at which the UE should start scaling according to clause 7.5 of 38.213) by Ppowerclass,CA = 3 dB (i.e. 26 dBm total for CA). The UE might support either PC3 or PC2 for the consituent bands but the CA power class is the default. The PEMAX,CA must be set to 26 dBm to enable boosting, configured by the gNB.

Clause 6.3A.3.3: a reference to the specification of the power boosting is added and the IE names corrected in accordance with the latest version of 38.331.
 


	
	

	Consequences if not approved:
	Power boosting for CA PC3 with Tx switching is not allowed by the specification. The UE would apply prioritization of the transmissions according to clause 7.5 of 38.213 already at Pcmax = 23 dBm.


	
	

	Clauses affected:
	6.2A.1.3, 6.2A.2.3, 6.2A.3.1.3, 6.2A.4.1.3, 6.3A.3.3
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	This CR's revision history:
	For RP-210850:
r1: redundant defintions removed (defined for the general case) and alignment of notation.
r2: cover sheet (reason for change) modified to include aspects relevant for RAN#91-e. The changes identical to r1.

r3: PcMax change simplified

MCC: some changes appear as “Ericsson2” (not possible to change user name to the original “Ericsson”)
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< start of changes >
[bookmark: _Toc67915960][bookmark: _Toc75533504][bookmark: _Toc75819390][bookmark: _Toc76508234][bookmark: _Toc76717184]6.2A.1.3	UE maximum output power for Inter-band CA
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 unless the uplinkTxSwitching-16 is present, the uplinkTxSwitchingPowerBoosting-r16 is enabled and if the UE supports uplinkTxSwitching-PowerBoosting-r16.
< text omitted >
[bookmark: _Toc21344263][bookmark: _Toc29801749][bookmark: _Toc29802173][bookmark: _Toc29802798][bookmark: _Toc36107540][bookmark: _Toc37251306][bookmark: _Toc45888111][bookmark: _Toc45888710][bookmark: _Toc67915968][bookmark: _Toc75533512][bookmark: _Toc75819398][bookmark: _Toc76508242][bookmark: _Toc76717192]6.2A.2.3	UE maximum output power reduction for Inter-band CA
For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements in clause 6.2.2 apply for each uplink component carrier.
For band combinations specified in Table 6.2A.1.3-1 for the default power class, the MPR for power class 2 in sub-clause 6.2.2 also applies for transmissions on carrier 2 if the uplinkTxSwitching-16 is present, the uplinkTxSwitchingPowerBoosting-r16 is enabled and if the UE supports uplinkTxSwitching-PowerBoosting-r16. 
[bookmark: _Toc45888112][bookmark: _Toc45888711][bookmark: _Toc67915969][bookmark: _Toc75533513][bookmark: _Toc75819399][bookmark: _Toc76508243][bookmark: _Toc76717193]6.2A.2.4	Void
< text omitted >
[bookmark: _Toc21344267][bookmark: _Toc29801753][bookmark: _Toc29802177][bookmark: _Toc29802802][bookmark: _Toc36107544][bookmark: _Toc37251310][bookmark: _Toc45888116][bookmark: _Toc45888715][bookmark: _Toc67915974][bookmark: _Toc75533518][bookmark: _Toc75819404][bookmark: _Toc76508248][bookmark: _Toc76717198]6.2A.3.1.3	UE additional maximum output power reduction for Inter-band CA
Unless otherwise stated, for inter-band carrier aggregation with uplink assigned to two NR bands, the requirements in clause 6.2.3 apply for each uplink component carrier.
For band combinations specified in Table 6.2A.1.3-1 for the default power class, the A-MPR for power class 2 in sub-clause 6.2.3 also applies for transmissions on carrier 2 if the uplinkTxSwitching-16 is present, the uplinkTxSwitchingPowerBoosting-r16 is enabled and if the UE supports uplinkTxSwitching-PowerBoosting-r16. 

[bookmark: _Toc21344268][bookmark: _Toc29801754][bookmark: _Toc29802178][bookmark: _Toc29802803][bookmark: _Toc36107545][bookmark: _Toc37251311][bookmark: _Toc45888117][bookmark: _Toc45888716][bookmark: _Toc67915975][bookmark: _Toc75533519][bookmark: _Toc75819405][bookmark: _Toc76508249][bookmark: _Toc76717199]6.2A.4	Configured output power for CA

< text omitted >
[bookmark: _Toc21344272][bookmark: _Toc29801758][bookmark: _Toc29802182][bookmark: _Toc29802807][bookmark: _Toc36107549][bookmark: _Toc37251315][bookmark: _Toc45888121][bookmark: _Toc45888720][bookmark: _Toc67915979][bookmark: _Toc75533523][bookmark: _Toc75819409][bookmark: _Toc76508253][bookmark: _Toc76717203]6.2A.4.1.3	Configured transmitted power for Inter-band 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 clause 6.2.4.
For uplink inter-band carrier aggregation, MPRc and A-MPRc apply per serving cell c and are specified in clause 6.2.2 and clause 6.2.3, respectively. 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 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 + PPowerClass,CA }
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,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];
-	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; 
-	pPowerClass,c is the linear value of the maximum UE power for serving cell c specified in Table 6.2.1-1 without taking into account the tolerance;
-	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.
-	PPowerClass,CA = 3 dB when the uplinkTxSwitchingPowerBoosting-r16 is enabled, PPowerClass,CA = 0 dB otherwise.
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.
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.
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 UE minimum of PCMAX_L for slots i and i + 1 applies for any 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.
The measured maximum output power PUMAX over all serving cells with same slot pattern shall be within the following range:
	PCMAX_L  – MAX{TL, TLOW(PCMAX_L) }  ≤  PUMAX  ≤  PCMAX_H  +  THIGH(PCMAX_H)
	PUMAX = 10 log10 ∑ pUMAX,c
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 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}
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)

	PCMAX = 23
	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



[bookmark: _Toc45888122][bookmark: _Toc45888721][bookmark: _Toc67915980][bookmark: _Toc75533524][bookmark: _Toc75819410][bookmark: _Toc76508254][bookmark: _Toc76717204]6.2A.4.1.4	Void

< text omitted >
[bookmark: _Toc45888194][bookmark: _Toc45888793][bookmark: _Toc67916070][bookmark: _Toc75533614][bookmark: _Toc75819500][bookmark: _Toc76508344][bookmark: _Toc76717294]6.3A.3.3.2	Time mask for switching between two uplink carriers
In addition to the requirements in 6.3A.3.3.1 and the maximum output power requirement specified in Table 6.2A.1.3-1with uplink assigned to two NR bands, the switching time mask specified in this sub-clause is applicable for an uplink band pair of a inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 [10], where NR UL carrier 1 is capable of one transmit antenna connector and NR UL carrier 2 is capable of two transmit antenna connectors with 3dB boosting on the maximum output power when the capability uplinkTxSwitching-PowerBoosting-r16 is present and the IE uplinkTxSwitchingPowerBoosting-r16 is enabled as specified in clause 6.2A.4.1.3, and the two uplink carriers are in different bands with different carrier frequencies. The UE shall support the switch between single layer transmission with one antenna port and two-layer transmission with two antenna ports on the two uplink carriers following the scheduling commands and rank adaptation, i.e., both single layer and two-layer transmission with 2 antenna ports, and single layer transmission with 1 antenna port shall be supported on NR UL carrier 2.
The switching periods described in Figure 6.3A.3.3.2-1a and Figure 6.3A.3.3.2-1b are located in either NR carrier 1 or carrier 2 as indicated in RRC signalling uplinkTxSwitchingPeriodLocation [7], and the length of uplink switching period X is less than the value indicated by UE capability uplinkTxSwitchingPeriod. 
[image: ]
Figure 6.3A.3.3.2-1a: Time mask for switching between UL carrier 1 and UL Carrier 2, where the switching period is located in carrier 1
[image: ]
Figure 6.3A.3.3.2-1b: Time mask for switching between UL carrier 1 and UL Carrier 2, where the switching period is located in carrier 2
The requirements apply for the case of co-located and synchronized network deployment for the two uplink carriers.
The requirements apply for the case of single TAG for the two uplink carriers, i.e., the same uplink timing for the two carriers as described in clause 4.2 of TS 38.213 [8].
[bookmark: _Toc45888195][bookmark: _Toc45888794][bookmark: _Toc67916071][bookmark: _Toc75533615][bookmark: _Toc75819501][bookmark: _Toc76508345][bookmark: _Toc76717295]6.3A.3.4	Void



< end of changes >
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