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Introduction
In this contribution, the open issues on FR2 UL CA which were identified in WF [1] in RAN4#100-e are discussed, i.e., PA-PA interaction, Min peak EIRP for CA_n257A_n259A based on IBM, spherical coverage for CA_n257A_n259A based on IBM and power configuration.
Discussion
PA-PA interaction
In the WF [1], it was agreed to down-select between Option 1 and Option 2 on how to incorporate PA-PA interaction:
PA-PA interaction agreement:
1. how to incorporate PA-PA interaction
1. Down-select to Option 1 and Option 2.
· Option 1: Included in CA MPR
· Option 2: Included in relaxations X and Y
1. further check if FR1 approach can apply to FR2, i.e. Option 1 (or why FR2 approach can not apply to FR2, i.e. Option 2)
1. FFS PA-PA interaction aspect
· Option 1: Only inter panel interaction is considered
· Option 2: Depends on activation status
· Option 3: Others (both or none, etc)
1. if MPRPA-PA is defined, FFS how to modify MPR equation and how to apply MPRPA-PA (per band or per band combination)
Regarding PA-PA interaction, we believe that the unwanted emissions in FR2 is not an issue, but if there is any issue, it can be addressed by MPR/A-MPR. It should not introduce a general relaxation in the EIPR requirement. 
Furthermore, the FR2 link budget is already quite tight due to relations such as MBR, BC tolerance, etc. If further relaxation is introduced, network only is able to use a fall back to 1 UL operation so that the UL CA feature itself becomes useless.
Observation 1: PA-PA interaction, power consumption and thermal issues are handled in MPR mechanisms and should not be considered as CA relaxation. 
Proposal 1: Regarding how to incorporate PA-PA interaction, support Option 1: Included in CA MPR
It seems unlikely that FR2 UL CA will be supported within the same panel or the same RF front end transmit chain due to implementation challenges. UL CA is therefore likely to be supported using only one panel per band at a time, such that at least 2 panels need to be used simultaneously to support up-link CA.  
Proposal 2:  Regarding PA-PA interaction aspect, support Option 1: Only inter-panel interaction is considered


X and Y for CA_n257A_n259A
In the WF [1], the relaxation values, X and Y were discussed in agreement with per-band based minimum peak EIRP requirement compared with single CC. Integration of agreed relaxation terms is discussed below.
1. X and Y for min peak EIRP.
0. Options
0. Option 1: X=Y=3.5 dB
0. Option 2: X=3.7 dB and Y=3.5 dB
0. Option 3: 1UL ΔTIB,P,n = DMBP,n  and 2UL ΔTIB,P,n = X2/Y2+DMBP,n
0. Option 4: ΔTIB,P,n shall be ΔRIB,P,n -1 dB
0. Option 5: X=Y=9 dB
0. Option 6: X and Y is not needed but UL CA relaxation included in CA MPR 
0. Agreement
0. Before deciding X and Y values, agreement on how to incorporate PA-PA interaction is needed. And further study on relaxation framework is encouraged.

1. X and Y for spherical coverage.
· Options
· Option 1: X=Y=3.5 dB
· Option 2: X=3.7 dB and Y=3.5 dB
· Option 3: ΔTIB,S,n= X2/Y2+2.7 dB.
· Option 4: ΔTIB,S,n shall be ΔRIB,s,n -1 dB.
· Option 5: X=Y=9 dB
· Option 6: X and Y should incorporate MPRPA-PA 
· Agreement
· Before deciding X and Y values, agreement on how to incorporate PA-PA interaction is needed. And further study on relaxation framework is encouraged.

Note: X is the relaxation value for n257 compared with its single cc requirement; Y is the relaxation value of n259 compared with its single cc requirement.

For DL CA, the relaxations to EIS requirements are already introduced using the inter-band CA relaxation values, ΔRIB,P,n and ΔRIB,P,n. It is proposed to use a similar framework for UL EIRP requirement using the relaxation values, ΔTIB,P,n and ΔTIB,P,n.
Observation 2: UL CA relaxation ΔTIB,P,n is specified for the minimum peak EIRP requirement. ΔTIB,P,n shall be CA band combination specific.
As was already discussed in RAN4#98-bis-e, MBR is already included in DL CA relaxation values. The parameters, X and Y, for UL CA should be based on the total relaxation including MBR in the similar way as DL CA REFSENS relaxation.
Observation 3: MBR shall be include in the total UL CA relaxation value, ΔTIB,P,n .
The budget of ΔRIB,P,n is based on the increased insertion loss for multiple band support and receiver degradation caused by receiver power imbalance among two bands. The power imbalance is not an issue for uplink thus ΔRIB,P,n should be smaller than ΔTIB,P,n. It is proposed the imbalance budget is 1 dB thus ΔTIB,P,n is 1 dB smaller than ΔRIB,P,n.
Proposal 3: Regarding X and Y for min peak EIRP, support option 4: ΔTIB,P,n shall be ΔRIB,P,n -1 dB
For example, this proposal means 
· ΔTIB,P,n = 3 dB for CA_n257-n259 when ΔRIB,P,n= 4 dB.
· ΔTIB,P,n = 2.5 dB for CA_n260-n261 when ΔRIB,P,n= 3.5 dB.
For the similar argument as min peak EIRP, the EIRP spherical coverage relaxation should be 1 dB smaller than EIS spherical coverage relaxation. MBR should be included as the total budget of ΔTIB,S,n.
Observation 4: MBR shall be include in the total UL CA relaxation value, ΔTIB,S,n .
Proposal 4: Regarding X and Y for spherical coverage, support option 4: ΔTIB,S,n shall be ΔRIB,s,n -1 dB
Total power concept
In the WF [1], it was agreed that:
1. applicability of total power concept
· Options
· Option 1: Yes, it is and is defined as the sum of EIRP in peak direction of two band shall not exceed the 43 dBm
· Option 2: Applied to TRP
· Option 3: Applied to minimum peak EIRP
· Option 4: Applied to EIRP spherical coverage
· Option 5: Not needed, cannot be used for MPE and power consumption and thermal issues; can be handled with P-MPR
· Agreement
· No new requirements than the per-band based requirement package of max EIRP, max TRP, min peak EIRP, EIRP spherical coverage.
· Further study the impact of total power concept to max EIRP, max TRP, min peak EIRP, EIRP spherical coverage, and how to address it.
A primary reason of total UE power concept in FR1 is due to SAR requirement. In FR1 case, the power sharing among bands can satisfy the same body absorption rate as the single band uplink case. For FR2, MPE requirement cannot be guaranteed by the power limitation per UE, which only reduces EIRP by 3 dB. Because of the high directivity nature of FR2 beams and sensitiveness to the proximity of human body to the antenna panels, much higher power reduction is generally needed for fulfilling MPE requirement. Furthermore, there are various implementation aspects in antenna panels. It is possible in CA scenarios that each band transmit towards a different direction in case of non-collocated network deployment based on IBM (independent beam management). In such case, MPE condition can only be applied to one band but another band can enjoy maximum transmit power. Therefore, the power sharing to meet MPE requirement cannot be used; total power concept should not be used for the regulatory compliance.
A secondary reason is the power consumption and thermal issues as listed in the WF. For those implementation issue, we already have implementation specific mechanism introduced as P-MPR. It is not justified to consider it for CA relaxations. 
Observation 5: Total UE power concept is not adequate to FR2.

Power configuration
In the WF [1], it was agreed that:
1. RAN4 needs to further discuss the power configuration side condition for FR2 inter-band UL CA MOP. UE power consumption under MOP status should be addressed and further study how to address it.
· [bookmark: OLE_LINK48][bookmark: OLE_LINK49]Option 1: maximum output power transmission is only required for tested band and a relative low output power can be configured for non-tested band
· other options are not precluded
The specification impact to TS 38.101-2 to introduce FR2 UL CA_n257A-n259A is presented in Annex. 
Proposal 5: Output power dynamics, Transmit signal quality, Output RF spectrum emissions and Beam correspondence for inter-band CA is specified per band for inter-band CA.
It is proposed to use the attached Annex to draft a CR of this feature.
Proposal 6: TP to TR 38.851 is proposed in Annex.

Conclusion
In this contribution, the FR2 inter-band UL CA among different frequency group with IBM has been discussed.
Observation 1: PA-PA interaction, power consumption and thermal issues are handled in MPR mechanisms and should not be considered as CA relaxation. 
Observation 2: UL CA relaxation ΔTIB,P,n is specified for the minimum peak EIRP requirement. ΔTIB,P,n shall be CA band combination specific.
Observation 3: MBR shall be include in the total UL CA relaxation value, ΔTIB,P,n .
Observation 4: MBR shall be include in the total UL CA relaxation value, ΔTIB,S,n .
Observation 5: Total UE power concept is not adequate to FR2.

Proposal 1: Regarding how to incorporate PA-PA interaction, support Option 1: Included in CA MPR
Proposal 2:  Regarding PA-PA interaction aspect, support Option 1: Only inter-panel interaction is considered
Proposal 3: Regarding X and Y for min peak EIRP, support option 4: ΔTIB,P,n shall be ΔRIB,P,n -1 dB
Proposal 4: Regarding X and Y for spherical coverage, support option 4: ΔTIB,S,n shall be ΔRIB,s,n -1 dB
Proposal 5: Output power dynamics, Transmit signal quality, Output RF spectrum emissions and Beam correspondence for inter-band CA is specified per band for inter-band CA.
Proposal 6: TP to TR 38.851 is proposed in Annex.
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[1] R4-2114961WF on FR2 interband UL CA, Samsung., RAN4#100-e
Annex TP to TR 38.851
[bookmark: _Toc54181857]5.3	UE requirements for CA configuration CA_n257A-n259A based on IBM
Expected Change to 38.101-4 is shown below.
[bookmark: _Toc52196357][bookmark: _Toc52197337][bookmark: _Toc53173060][bookmark: _Toc53173429][bookmark: _Toc61119418][bookmark: _Toc61119800][bookmark: _Toc67925846]5.5A.3	Configurations for inter-band CA
Table 5.5A.3-1: NR CA configurations for inter-band CA
	NR CA configuration
	Uplink CA configuration
	NR Band
	Channel bandwidth (MHz) (NOTE 1)
	Bandwidth combination set

	
	
	
	50
	100
	200
	400
	

	CA_n257A-n259A
	CA_n257A-n259A
	n257
	
	50
	100
	200
	0

	
	
	n259
	
	50
	100
	200
	

	NOTE 1: 	The SCS of each channel bandwidth for NR band refers to Table 5.3.5-1.



[bookmark: _Toc21340782][bookmark: _Toc29805229][bookmark: _Toc36456438][bookmark: _Toc36469536][bookmark: _Toc37253945][bookmark: _Toc37322802][bookmark: _Toc37324208][bookmark: _Toc45889731][bookmark: _Toc52196386][bookmark: _Toc52197366][bookmark: _Toc53173089][bookmark: _Toc53173458][bookmark: _Toc61119453][bookmark: _Toc61119835][bookmark: _Toc67925885][bookmark: _Toc21340783][bookmark: _Toc29805230][bookmark: _Toc36456439][bookmark: _Toc36469537][bookmark: _Toc37253946][bookmark: _Toc37322803][bookmark: _Toc37324209][bookmark: _Toc45889732][bookmark: _Toc52196387][bookmark: _Toc52197367][bookmark: _Toc53173090][bookmark: _Toc53173459][bookmark: _Toc61119454][bookmark: _Toc61119836][bookmark: _Toc67925886]6.2A	Transmitter power for CA
6.2A.1	UE maximum output power for CA
For downlink intra-band contiguous and, non-contiguous and inter-band carrier aggregation with a single uplink component carrier configured in the NR band, the maximum output power is specified in clause 6.2.1.
For uplink intra-band contiguous and non-contiguous carrier aggregation for any CA bandwidth class, the maximum output power is specified in clause 6.2.1.
For inter-band carrier aggregation with uplink assigned to two NR bands, the maximum output power per band is specified in clause 6.2.1 and relaxation ΔTIB,P,n applied  to the minimum peak EIRP requirement. ΔTIB,P,n is specified in Table 6.2A.1-1.
[bookmark: _Hlk31890999]Table 6.2A.1-1: ΔTIB,P,n reference sensitivity relaxation for inter-band CA for power class 3
	NR CA bands
	NR band
	ΔTIB,P,n (dB)

	CA_n257-n259
	n257
	[2.5]

	
	n259
	[2.5]



The inter-band CA spherical coverage requirement for each power class will be satisfied if the intersection set of spherical coverage areas exceeds the common coverage requirement. Intersection set of spherical coverage areas is defined as a fraction of area of full sphere measured around the UE where both bands meet their defined individual EIRP spherical coverage requirements for inter-band CA operation. The common coverage requirement is determined as <100-percentile rank> %, where ‘percentile rank’ is the percentile value in the specification of spherical coverage for that power class from clause 6.2.1. The requirement is verified with the test metric of total component of EIRP (Link=TX beam peak direction, Meas=Link angle).
The required spherical coverage EIRP for each band in inter-band CA operation is given in clause 6.2.1 and modified by ΔTIB,S,n. The value of ΔTIB,S,n is defined in Table 6.2A.1-2.
Table 6.2A.1-2: ΔTIB,S,n reference sensitivity relaxation for inter-band CA for power class 3
	NR CA bands
	NR band
	ΔTIB,S,n (dB)

	CA_n257-n259
	n257
	[2.5]

	
	n259
	[2.5]



Power class 3 is default power class.
6.2A.2	UE maximum output power reduction for CA
6.2A.2.1	General
The UE is defined to be configured for CA operation when it has at least one of UL or DL configured for CA. In CA operation, the UE may reduce its maximum output power due to higher order modulations and transmit bandwidth configurations. This Maximum Power Reduction (MPR) is defined in clauses below. The allowed MPR for SRS, PUCCH formats 0, 1, 3 and 4, shall be as specified for QPSK modulated DFT-s-OFDM of equivalent RB allocation. The allowed MPR for PUCCH format 2, shall be as specified for QPSK modulated CP-OFDM of equivalent RB allocation.
The cumulative aggregated channel bandwidth is defined as the frequency band from the lowest edge of the lowest CC to the upper edge of the highest CC of all UL and DL configured CCs inside the bidirectional spectrum of the UE. When the maximum output power of a UE is modified by MPR, the power limits specified in clause 6.2A.4 apply.
The requirements in the following clauses are applicable to the following intra-band CA configurations:
- intra-band contiguous uplink CA, with the aggregated channel bandwidth no greater than 800 MHz.
[bookmark: _Toc21340786][bookmark: _Toc29805233][bookmark: _Toc36456442][bookmark: _Toc36469540][bookmark: _Toc37253949][bookmark: _Toc37322806][bookmark: _Toc37324212][bookmark: _Toc45889735]- intra-band non-contiguous uplink CA with UL frequency separation no greater than 1400 MHz, and no more than 3 sub-blocks. A sub-block may consist of single CC or multiple contiguous CCs.
- In case the CA configuration consists of a single UL CC, MPR for contiguous UL CA applies and where necessary, BWchannel shall be used as BWchannel_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.

[bookmark: _Toc52196390][bookmark: _Toc52197370][bookmark: _Toc53173093][bookmark: _Toc53173462][bookmark: _Toc61119457][bookmark: _Toc61119839][bookmark: _Toc67925889]6.2A.2.2	Maximum output power reduction for power class 1 
[bookmark: _Toc52196391][bookmark: _Toc52197371][bookmark: _Toc53173094][bookmark: _Toc53173463][bookmark: _Toc61119458][bookmark: _Toc61119840][bookmark: _Toc67925890]6.2A.2.2.1	Maximum output power reduction for power class 1 intra-band contiguous UL CA
For power class 1, MPR for intra-band contiguous UL CA with contiguous allocations within the cumulative aggregated bandwidth is defined as:
MPRC_CA = max(MPRWT_C_CA, MPRnarrow)
Where,
	MPRnarrow = 14.4 dB, when BWalloc,RB is less than or equal to 1.44 MHz, MPRnarrow = 10 dB, when 1.44 MHz < BWalloc,RB ≤ 10.8 MHz, where BWalloc,RB is the bandwidth of the RB allocation size.
	MPRWT_C_CA is the maximum power reduction due to modulation orders, transmit bandwidth configurations, and waveform types. MPRWT_C_CA is defined in Table 6.2A.2.2-1. 
Table 6.2A.2.2-1: Maximum power reduction (MPRWT_C_CA) for UE power class 1
	Waveform Type
	Cumulative aggregated channel bandwidth

	
	< 400 MHz
	≥ 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.51
	7.71
	[8.2]
	≤ 8.7

	
	QPSK
	≤ 6.51
	8.71
	[9.7]
	≤ 9.7

	
	16 QAM
	≤ 6.5
	8.7
	[9.2]
	≤ 9.7

	
	64 QAM
	≤ 9.0
	10.7
	[11.2]
	≤ 11.7

	CP-OFDM
	QPSK
	≤ 6.5
	8.7
	[8.7]
	≤ 9.7

	
	16 QAM
	≤ 6.5
	8.7
	[8.7]
	≤ 9.7

	
	64 QAM
	≤ 9.0
	10.7
	[11.2]
	≤ 11.7

	NOTE 1:	(Void)



In case of a contiguous RB, DFT-s-BPSK or DFT-s-QPSK UL allocation in a single CC of a CA configuration with contiguous CCs, and whose cumulative aggregated BW £ 400 MHz, MPRWT_C_CA shall be derived instead as MAX(MPR1, MPR2), where: 
	MPR1 shall be determined from Table 6.2.2.1-1 if CABW £ 200 MHz, from Table 6.2.2.1-2 if CABW > 200 MHz. 
	MPR2 shall be determined from Table 6.2.2.1-1 if UL BWchannel_CA £ 200 MHz, from Table 6.2.2.1-2 if UL BWchannel_CA > 200 MHz.
and assume all UL CCs use the same SCS for the purpose of determination of inner and outer RB allocations in Table 6.2.2.1-1 and Table 6.2.2.1-2:
	NRB shall be chosen as the sum of NRB of all constituent UL CCs in the CA configuration. 
	LCRB shall be chosen as BWalloc,RB
	RBstart shall be derived as: RBstart_allocatedCC+NRB_unallocatedCC_low
	RBstart_allocatedCC is the index of the first allocated RB in the CC with allocation
	NRB_unallocatedCC_low is the sum of NRB in all UL CCs lower in frequency compared to the CC with allocation
When different waveform types exist across CCs, the requirement is set by the waveform type used in the configuration with the largest MPRC_CA.
For intra-band contiguous UL CA with non-contiguous RB allocations, the following rule for MPR applies:
MPR = max(MPRC_CA, -10*A +  14.4) 
Where:
	A = NRB_alloc / NRB_agg_C.
	NRB_alloc is the total number of allocated UL RBs
	NRB_agg_C is the number of the aggregated RBs within the fully allocated cumulative aggregated channel bandwidth assuming lowest SCS among all configured CCs
[bookmark: _Toc52196392][bookmark: _Toc52197372][bookmark: _Toc53173095][bookmark: _Toc53173464][bookmark: _Toc61119459][bookmark: _Toc61119841][bookmark: _Toc67925891][bookmark: _Toc21340787][bookmark: _Toc29805234][bookmark: _Toc36456443][bookmark: _Toc36469541][bookmark: _Toc37253950][bookmark: _Toc37322807][bookmark: _Toc37324213][bookmark: _Toc45889736]6.2A.2.2.2	Maximum output power reduction for power class 1 intra-band non-contiguous UL CA
For intra-band non-contiguous UL CA, the following rule for MPR applies:
MPR = max(MPRNC_CA, -10*A +  14.4)
Where:
MPRNC_CA is derived from table 6.2A.2.2.2-1
Table 6.2A.2.2.2-1: MPRNC_CA for UE power class 1
	Waveform Type
	Cumulative aggregated channel bandwidth (CABW)

	
	< 400 MHz
	≥ 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ 7.7
	≤ 8.2
	≤ 8.7

	
	QPSK
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	16 QAM
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7

	CP-OFDM
	QPSK
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	16 QAM
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7



[bookmark: _Toc52196393][bookmark: _Toc52197373][bookmark: _Toc53173096][bookmark: _Toc53173465][bookmark: _Toc61119460][bookmark: _Toc61119842][bookmark: _Toc67925892]6.2A.2.3	Maximum output power reduction for power class 2
For power class 2, MPR specified in sub-clause 6.2A.2.4.1 applies for intra-band contiguous UL CA and sub-clause 6.2A.2.4.2 applies for intra-band non-contiguous UL CA. 
Table 6.2A.2.3-1: (Void)

[bookmark: _Toc21340788][bookmark: _Toc29805235][bookmark: _Toc36456444][bookmark: _Toc36469542][bookmark: _Toc37253951][bookmark: _Toc37322808][bookmark: _Toc37324214][bookmark: _Toc45889737][bookmark: _Toc52196394][bookmark: _Toc52197374][bookmark: _Toc53173097][bookmark: _Toc53173466][bookmark: _Toc61119461][bookmark: _Toc61119843][bookmark: _Toc67925893]6.2A.2.4	Maximum output power reduction for power class 3
[bookmark: _Toc52196395][bookmark: _Toc52197375][bookmark: _Toc53173098][bookmark: _Toc53173467][bookmark: _Toc61119462][bookmark: _Toc61119844][bookmark: _Toc67925894]6.2A.2.4.1	Maximum output power reduction for power class 3 intra-band contiguous CA
For power class 3, MPR for intra-band contiguous UL CA with contiguous allocations within the cumulative aggregated bandwidth is denoted as MPRC_CA and is defined in Table 6.2A.2.4-1.
Table 6.2A.2.4-1: Maximum power reduction (MPRC_CA) for UE power class 3
	
	Cumulative aggregated channel bandwidth (CABW)

	
	≤ 400 MHz
	> 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.01
	≤ 7.71
	≤ [8.2]
	≤ 8.7

	
	QPSK
	≤ 5.01
	≤ 7.71
	≤ [8.2]
	≤ 9.7

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ [9.3]
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ [11.2]
	≤ 11.7

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 7.5
	≤ [8.0]
	≤ 9.7

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ [9.2]
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ [11.2]
	≤ 11.7

	NOTE 1:	(Void).



In case of a contiguous RB, DFT-s-BPSK or DFT-s-QPSK UL allocation in a single CC of a CA configuration with contiguous CCs, and whose cumulative aggregated BW £ 400 MHz, MPRC_CA shall be derived instead as MAX(MPR1, MPR2), where: 
	MPR1 shall be determined from Table 6.2.2.3-1 if CABW £ 200 MHz, from Table 6.2.2.3-2 if CABW > 200 MHz. 
	MPR2 shall be determined from Table 6.2.2.3-1 if UL BWchannel_CA £ 200 MHz, from Table 6.2.2.3-2 if UL BWchannel_CA > 200 MHz. 
and assume all UL CCs use the same SCS for the purpose of determination of inner and outer RB allocations in Table 6.2.2.3-1 and Table 6.2.2.3-2:
	NRB shall be chosen as the sum of NRB of all constituent UL CCs in the CA configuration. 
	LCRB shall be chosen as BWalloc,RB
	RBstart shall be derived as: RBstart_allocatedCC+NRB_unallocatedCC_low
	RBstart_allocatedCC is the index of the first allocated RB in the CC with allocation
	NRB_unallocatedCC_low is the sum of NRB in all UL CCs lower in frequency compared to the CC with allocation
When different waveform types exist across CCs, the requirement is set by the waveform type used in the configuration with the highest contiguous MPR.
For intra-band contiguous UL CA with non-contiguous RB allocations, the following rule for MPR applies:
MPR = max(MPRC_CA, -10*A +7.0) 
Where:
	A = NRB_alloc / NRB_agg_C.
	NRB_alloc is the total number of allocated UL RBs
	NRB_agg_C is the number of the aggregated RBs within the fully allocated cumulative aggregated channel bandwidth assuming lowest SCS among all configured CCs
[bookmark: _Toc52196396][bookmark: _Toc52197376][bookmark: _Toc53173099][bookmark: _Toc53173468][bookmark: _Toc61119463][bookmark: _Toc61119845][bookmark: _Toc67925895][bookmark: _Toc21340789][bookmark: _Toc29805236][bookmark: _Toc36456445][bookmark: _Toc36469543][bookmark: _Toc37253952][bookmark: _Toc37322809][bookmark: _Toc37324215][bookmark: _Toc45889738]6.2A.2.4.2	Maximum output power reduction for power class 3 intra-band non-contiguous CA
For intra-band non-contiguous UL CA, the following rule for MPR applies:
MPR = max(MPRNC_CA, -8*A +10.0) 
Where:
MPRNC_CA is derived from table 6.2A.2.4.2-1
Table 6.2A.2.4.2-1: MPRNC_CA for UE power class 3
	
	Cumulative aggregated channel bandwidth (CABW)

	
	≤ 400 MHz
	> 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	≤ 7.7
	≤ 8.2
	≤ 8.7

	
	QPSK
	≤ 6
	≤ 7.7
	≤ 8.2
	≤ 8.7

	
	16 QAM
	≤ 7
	≤ 8.7
	≤ 9.3
	≤ 9.8

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7

	CP-OFDM
	QPSK
	≤ 6
	≤ 7.5
	≤ 8.0
	≤ 8.5

	
	16 QAM
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7



[bookmark: _Toc52196397][bookmark: _Toc52197377][bookmark: _Toc53173100][bookmark: _Toc53173469][bookmark: _Toc61119464][bookmark: _Toc61119846][bookmark: _Toc67925896]6.2A.2.5	Maximum output power reduction for power class 4 
For power class 4, MPR specified in sub-clause 6.2A.2.4.1 applies for intra-band contiguous UL CA and sub-clause 6.2A.2.4.2 applies for intra-band non-contiguous UL CA.
[bookmark: _Toc67925897]6.2A.2.6	Maximum output power reduction for power class 5 
For power class 5, MPR specified in sub-clause 6.2A.2.4.1 applies for intra-band contiguous UL CA and sub-clause 6.2A.2.4.2 applies for intra-band non-contiguous UL CA.
[bookmark: _Toc21340790][bookmark: _Toc29805237][bookmark: _Toc36456446][bookmark: _Toc36469544][bookmark: _Toc37253953][bookmark: _Toc37322810][bookmark: _Toc37324216][bookmark: _Toc45889739][bookmark: _Toc52196398][bookmark: _Toc52197378][bookmark: _Toc53173101][bookmark: _Toc53173470][bookmark: _Toc61119465][bookmark: _Toc61119847][bookmark: _Toc67925898]6.2A.3	UE maximum output power with additional requirements for CA
[bookmark: _Toc21340791][bookmark: _Toc29805238][bookmark: _Toc36456447][bookmark: _Toc36469545][bookmark: _Toc37253954][bookmark: _Toc37322811][bookmark: _Toc37324217][bookmark: _Toc45889740][bookmark: _Toc52196399][bookmark: _Toc52197379][bookmark: _Toc53173102][bookmark: _Toc53173471][bookmark: _Toc61119466][bookmark: _Toc61119848][bookmark: _Toc67925899]6.2A.3.1	General
Additional emission requirements can be signalled by the network with network signalling value indicated by the field additionalSpectrumEmission. To meet these additional requirements, additional maximum power reduction (A-MPR) is allowed for the maximum output power as specified in clause 6.2A.1. Unless stated otherwise, an A-MPR of 0 dB shall be used. Unless otherwise stated, the allowed total back off is maximum of A-MPR and MPR specified in clause 6.2A.2.
For intra-band contiguous aggregation with the UE configured for transmissions on two serving cells, the maximum output power reduction specified in Table 6.2A.3.1-1 is allowed for all serving cells of the applicable uplink contiguous CA configurations according to the CA network signalling value indicated by the field additionalSpectrumEmissionSCell.
Table 6.2A.3.1-1 specifies the additional requirements and allowed A-MPR with corresponding network signalling label and operating band. The mapping between network signalling labels and the additionalSpectrumEmission IE defined in TS 38.331 [13] is specified in Table 6.2A.3.1-2. Unless otherwise stated, the allowed total back off is maximum of A-MPR and MPR specified in clause 6.2A.2.
Table 6.2A.3.1-1: Additional maximum power reduction (A-MPR)
	Network Signalling value
	Requirements (clause)
	NR Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	CA_NS_200
	
	
	
	
	N/A

	CA_NS_201
	6.5.3.2.2
	n258
	
	
	6.2A.3.2

	CA_NS_202
	6.5.3.2.3
	n257, n258
	
	
	6.2A.3.3

	CA_NS_203
	6.5.3.2.4
	n258
	
	
	6.2A.3.4

	NOTE:	CA_NS_201 is obsolete, the associated additional spurious emission requirements are not applicable.



Table 6.2A.3.1-2: Value of additionalSpectrumEmission
	NR Band
	Value of additionalSpectrumEmission / NS number

	
	0
	1
	2
	3
	4
	5
	6
	7

	n257
	CA_NS_200
	CA_NS_202
	
	
	
	
	
	

	n258
	CA_NS_200
	CA_NS_201
	CA_NS_202
	CA_NS_203
	
	
	
	

	n259
	CA_NS_200
	
	
	
	
	
	
	

	n260
	CA_NS_200
	
	
	
	
	
	
	

	n261
	CA_NS_200
	
	
	
	
	
	
	

	NOTE 1:	additionalSpectrumEmission corresponds to an information element of the same name defined in clause 6.3.2 of TS 38.331 [13].
NOTE 2:	CA_NS_201 is obsolete, the associated additional spurious emission requirements are not applicable.



[bookmark: _Toc21340792][bookmark: _Toc29805239][bookmark: _Toc36456448][bookmark: _Toc36469546][bookmark: _Toc37253955][bookmark: _Toc37322812][bookmark: _Toc37324218][bookmark: _Toc45889741][bookmark: _Toc52196400][bookmark: _Toc52197380][bookmark: _Toc53173103][bookmark: _Toc53173472][bookmark: _Toc61119467][bookmark: _Toc61119849][bookmark: _Toc67925900][bookmark: _Toc21340793][bookmark: _Toc29805240][bookmark: _Toc36456449][bookmark: _Toc36469547][bookmark: _Toc37253956][bookmark: _Toc37322813][bookmark: _Toc37324219][bookmark: _Toc45889742][bookmark: _Toc52196401][bookmark: _Toc52197381][bookmark: _Toc53173104][bookmark: _Toc53173473]6.2A.3.2	Void
[bookmark: _Toc61119468][bookmark: _Toc61119850][bookmark: _Toc67925901]6.2A.3.2.1	Void
Table 6.2A.3.2.1-1: (Void)

[bookmark: _Toc61119469][bookmark: _Toc61119851][bookmark: _Toc67925902]6.2A.3.2.2	Void
Table 6.2A.3.2.2-1: (Void)

[bookmark: _Toc21340795][bookmark: _Toc29805242][bookmark: _Toc36456451][bookmark: _Toc36469549][bookmark: _Toc37253958][bookmark: _Toc37322815][bookmark: _Toc37324221][bookmark: _Toc45889744][bookmark: _Toc52196403][bookmark: _Toc52197383][bookmark: _Toc53173106][bookmark: _Toc53173475][bookmark: _Toc61119470][bookmark: _Toc61119852][bookmark: _Toc67925903]6.2A.3.2.3	Void
[bookmark: _Toc61119471][bookmark: _Toc61119853][bookmark: _Toc67925904][bookmark: _Toc21340796][bookmark: _Toc29805243][bookmark: _Toc36456452][bookmark: _Toc36469550][bookmark: _Toc37253959][bookmark: _Toc37322816][bookmark: _Toc37324222][bookmark: _Toc45889745][bookmark: _Toc52196404][bookmark: _Toc52197384][bookmark: _Toc53173107][bookmark: _Toc53173476][bookmark: _Toc21340797][bookmark: _Toc29805244][bookmark: _Toc36456453][bookmark: _Toc36469551][bookmark: _Toc37253960][bookmark: _Toc37322817][bookmark: _Toc37324223][bookmark: _Toc45889746][bookmark: _Toc52196405][bookmark: _Toc52197385][bookmark: _Toc53173108][bookmark: _Toc53173477]Table 6.2A.3.2.3-1: Void6.2A.3.2.4	Void
[bookmark: _Toc67925905]6.2A.3.2.5	A-MPR for CA_NS_201 for power class 5
For intra-band contiguous CA, A-MPR for CA_NS_201 specified in sub-clause 6.2A.3.2.3 applies. 
[bookmark: _Toc61119472][bookmark: _Toc61119854][bookmark: _Toc67925906]6.2A.3.3	A-MPR for CA_NS_202
[bookmark: _Toc21340798][bookmark: _Toc29805245][bookmark: _Toc36456454][bookmark: _Toc36469552][bookmark: _Toc37253961][bookmark: _Toc37322818][bookmark: _Toc37324224][bookmark: _Toc45889747][bookmark: _Toc52196406][bookmark: _Toc52197386][bookmark: _Toc53173109][bookmark: _Toc53173478][bookmark: _Toc61119473][bookmark: _Toc61119855][bookmark: _Toc67925907]6.2A.3.3.1	A-MPR for CA_NS_202 for power class 1
For intra-band contiguous CA, A-MPR for CA_NS_202 shall be 11.0 dB.
[bookmark: _Toc21340799][bookmark: _Toc29805246][bookmark: _Toc36456455][bookmark: _Toc36469553][bookmark: _Toc37253962][bookmark: _Toc37322819][bookmark: _Toc37324225][bookmark: _Toc45889748][bookmark: _Toc52196407][bookmark: _Toc52197387][bookmark: _Toc53173110][bookmark: _Toc53173479][bookmark: _Toc61119474][bookmark: _Toc61119856][bookmark: _Toc67925908]6.2A.3.3.2	A-MPR for CA_NS_202 for power class 2
For intra-band contiguous CA, A-MPR for CA_NS_202 specified in sub-clause 6.2A.3.3.3 applies. 
[bookmark: _Toc21340800][bookmark: _Toc29805247][bookmark: _Toc36456456][bookmark: _Toc36469554][bookmark: _Toc37253963][bookmark: _Toc37322820][bookmark: _Toc37324226][bookmark: _Toc45889749][bookmark: _Toc52196408][bookmark: _Toc52197388][bookmark: _Toc53173111][bookmark: _Toc53173480][bookmark: _Toc61119475][bookmark: _Toc61119857][bookmark: _Toc67925909]6.2A.3.3.3	A-MPR for CA_NS_202 for power class 3
[bookmark: _Toc21340801][bookmark: _Toc29805248][bookmark: _Toc36456457][bookmark: _Toc36469555][bookmark: _Toc37253964][bookmark: _Toc37322821][bookmark: _Toc37324227]For intra-band contiguous CA, A-MPR for CA_NS_202 shall be 2.0 dB.
[bookmark: _Toc45889750][bookmark: _Toc52196409][bookmark: _Toc52197389][bookmark: _Toc53173112][bookmark: _Toc53173481][bookmark: _Toc61119476][bookmark: _Toc61119858][bookmark: _Toc67925910]6.2A.3.3.4	A-MPR for CA_NS_202 for power class 4
For intra-band contiguous CA, A-MPR for CA_NS_202 specified in sub-clause 6.2A.3.3.3 applies.
[bookmark: _Toc67925911]6.2A.3.3.5	A-MPR for CA_NS_202 for power class 5
For intra-band contiguous CA, A-MPR for CA_NS_202 specified in sub-clause 6.2A.3.3.3 applies.
[bookmark: _Toc61119477][bookmark: _Toc61119859][bookmark: _Toc67925912][bookmark: _Toc21340802][bookmark: _Toc29805249][bookmark: _Toc36456458][bookmark: _Toc36469556][bookmark: _Toc37253965][bookmark: _Toc37322822][bookmark: _Toc37324228][bookmark: _Toc45889751][bookmark: _Toc52196410][bookmark: _Toc52197390][bookmark: _Toc53173113][bookmark: _Toc53173482]6.2A.3.4	A-MPR for CA_NS_203
[bookmark: _Toc61119478][bookmark: _Toc61119860][bookmark: _Toc67925913]6.2A.3.4.1	A-MPR for CA_NS_203 for power class 1
For intra-band contiguous CA, A-MPR for CA_NS_203 shall be 6.5 dB, if Offset frequency < BWChannel_CA of the UL CA configuration, 0.0 dB, otherwise
The Offset frequency is defined as the frequency from 24.25 GHz to the lower edge of the lowest CC among the configured UL CA.
[bookmark: _Toc61119479][bookmark: _Toc61119861][bookmark: _Toc67925914]6.2A.3.4.2	A-MPR for CA_NS_203 for power class 2
For intra-band contiguous CA, AMPR specified in sub-clause 6.2A.3.4.3 applies. 
[bookmark: _Toc61119480][bookmark: _Toc61119862][bookmark: _Toc67925915]6.2A.3.4.3	A-MPR for CA_NS_203 for power class 3
For intra-band contiguous CA, A-MPR for CA_NS_203 shall be 2.5 dB, if Offset frequency < BWChannel_CA of the UL CA configuration, 0.0 dB otherwise. 
The Offset frequency is defined as the frequency from 24.25 GHz to to the lower edge of the lowest CC among the configured UL CA.
[bookmark: _Toc61119481][bookmark: _Toc61119863][bookmark: _Toc67925916]6.2A.3.4.4	A-MPR for CA_NS_203 for power class 4
For intra-band contiguous CA, AMPR specified in sub-clause 6.2A.3.4.3 applies.
[bookmark: _Toc61119482][bookmark: _Toc61119864][bookmark: _Toc67925917]6.2A.4	Configured transmitted power for CA
A UE configured with carrier aggregation can configure its maximum output power for each uplink  activated serving cell c and its total configured maximum output power PCMAX. The definition of the configured UE maximum output power PCMAX,f,c for each carrier f of a serving cell c is used for power headroom reporting for carrier f of serving cell c only and is in accordance with that specified in clause 6.2.4 with parameters MPR, A-MPR and P-MPR replaced with those specified in subclause 6.2A.2, 6.2A.3 and 6.2.4, respectively. The UE maximum configured power PCMAX in a transmission occasion is determined by the UL grants for carrier f(c) of each serving cell c with non-zero granted power in the respective reference point.
For uplink intra-band contiguous carrier aggregation, MPR is specified in clause 6.2A.2. PCMAX is calculated under the assumption that power spectral density for each RB in each component carrier is same.
The configured UE maximum output power PCMAX shall be set such that the corresponding measured total peak EIRP PUMAX is within the following bounds
PPowerclass – MAX(MAX(MPR, A-MPR)  + ΔMBP,n, P-MPR) – MAX{T(MAX(MPR, A-MPR)),T(P-MPR)} ≤ PUMAX ≤ EIRPmax
with PPowerclass the peak EIRP  as specified in sub-clause 6.2A.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2A.1, MPR as specified in sub-clause 6.2A.2, A-MPR as specified in sub-clause 6.2A.3, ΔMBP,n the peak EIRP relaxation as specified in clause 6.2.1, P-MPR the power management term for the UE as described in 6.2.4. 
The measured configured power PUMAX for carrier aggregation is defined as 
	
where  pUMAX,f,c is the linear value of the measured power PUMAX,f,c for carrier f=f(c) of serving cell c. The measured total radiated power PTMAX for carrier aggregation is defined as
	
where pTMAX,f,c is the linear value of the measured total radiated power PTMAX,f,c for carrier f = f(c) of serving cell c. The total radiated power PTMAX is bounded by
	PTMAX ≤ TRPmax
where TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2A.1.
The tolerance T(ΔP) for applicable values of ΔP (values in dB) is specified in Table 6.2A.4-1.
Table 6.2A.4-1: PUMAX tolerance
	Operating Band
	∆P (dB)
	Tolerance T(∆P)
(dB)

	n257, n258, n259, n260, n261
	P = 0
	0

	
	0 < P ≤ 2
	1.5

	
	2 < P ≤ 3
	2.0

	
	3 < P ≤ 4
	3.0

	
	4 < P ≤ 5
	4.0

	
	5 < P ≤ 10
	5.0

	
	10 < P ≤ 15
	7.0

	
	15 < P ≤ X
	8.0

	NOTE:	X is the value such that Pumax lower bound, PPowerclass - P – T(P) = minimum output power specified in clause 6.3A.1



[bookmark: _Toc21340841][bookmark: _Toc29805288][bookmark: _Toc36456497][bookmark: _Toc36469595][bookmark: _Toc37254004][bookmark: _Toc37322861][bookmark: _Toc37324267][bookmark: _Toc45889790][bookmark: _Toc52196450][bookmark: _Toc52197430][bookmark: _Toc53173153][bookmark: _Toc53173522][bookmark: _Toc61119522][bookmark: _Toc61119904][bookmark: _Toc67925961]6.3A	Output power dynamics for CA
[bookmark: _Toc21340842][bookmark: _Toc29805289][bookmark: _Toc36456498][bookmark: _Toc36469596][bookmark: _Toc37254005][bookmark: _Toc37322862][bookmark: _Toc37324268][bookmark: _Toc45889791][bookmark: _Toc52196451][bookmark: _Toc52197431][bookmark: _Toc53173154][bookmark: _Toc53173523][bookmark: _Toc61119523][bookmark: _Toc61119905][bookmark: _Toc67925962]6.3A.1	Minimum output power for CA
Table 6.3A.1-1: Void
[bookmark: _Toc21340843][bookmark: _Toc29805290][bookmark: _Toc36456499][bookmark: _Toc36469597][bookmark: _Toc37254006][bookmark: _Toc37322863][bookmark: _Toc37324269][bookmark: _Toc45889792][bookmark: _Toc52196452][bookmark: _Toc52197432][bookmark: _Toc53173155][bookmark: _Toc53173524][bookmark: _Toc61119524][bookmark: _Toc61119906][bookmark: _Toc67925963]6.3A.1.0	General
For intra-band contiguous and non-contiguous carrier aggregation, the minimum controlled output power of the UE is defined as the transmit power of the UE per component carrier, i.e., EIRP in the channel bandwidth of each component carrier for all transmit bandwidth configurations (resource blocks), when the power on both component carriers are set to a minimum value.
[bookmark: _Toc21340844][bookmark: _Toc29805291][bookmark: _Toc36456500][bookmark: _Toc36469598][bookmark: _Toc37254007][bookmark: _Toc37322864][bookmark: _Toc37324270][bookmark: _Toc45889793]For inter-band carrier aggregation with uplink assigned to two NR bands, the minimum output power is defined per carrier and the requirement is specified in clause 6.3.1.
The minimum output power is defined as the mean power in at least one sub frame (1ms).
[bookmark: _Toc52196453][bookmark: _Toc52197433][bookmark: _Toc53173156][bookmark: _Toc53173525][bookmark: _Toc61119525][bookmark: _Toc61119907][bookmark: _Toc67925964]6.3A.1.1	Minimum output power for power class 1
The minimum output power shall not exceed the values specified in Table 6.3A.1.1-1 for each operating band supported. The minimum power is verified in beam locked mode with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.3A.1.1-1: Minimum output power for power class 1
	Operating band
	Channel bandwidth
(MHz)
	Minimum output power
(dBm)
	Measurement bandwidth
(MHz)

	n257, n258, n260, n261
	50
	4
	47.58

	
	100
	4
	95.16

	
	200
	4
	190.20

	
	400
	4
	380.28



[bookmark: _Toc21340845][bookmark: _Toc29805292][bookmark: _Toc36456501][bookmark: _Toc36469599][bookmark: _Toc37254008][bookmark: _Toc37322865][bookmark: _Toc37324271][bookmark: _Toc45889794][bookmark: _Toc52196454][bookmark: _Toc52197434][bookmark: _Toc53173157][bookmark: _Toc53173526][bookmark: _Toc61119526][bookmark: _Toc61119908][bookmark: _Toc67925965]6.3A.1.2	Minimum output power for power class 2, 3, and 4
The minimum output power shall not exceed the values specified in Table 6.3A.1.2-1 for each operating band supported. The minimum power is verified in beam locked mode with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.3A.1.2-1: Minimum output power for CA for power class 2, 3, and 4
	Operating band
	Channel bandwidth
(MHz)
	Minimum output power
(dBm)
	Measurement bandwidth
(MHz)

	n257, n258, n259, n260, n261
	50
	-13
	47.58

	
	100
	-13
	95.16

	
	200
	-13
	190.20

	
	400
	-13
	380.28

	NOTE 1:	n260 is not applied for power class 2.
NOTE 2:	n259 is not applied for power class 2 and 4.



[bookmark: _Toc67925966]6.3A.1.3	Minimum output power for power class 5
The minimum output power shall not exceed the values specified in Table 6.3A.1.3-1 for each operating band supported. The minimum power is verified in beam locked mode with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.3A.1.2-1: Minimum output power for CA for power class 5
	Operating band
	Channel bandwidth
(MHz)
	Minimum output power
(dBm)
	Measurement bandwidth
(MHz)

	n257, n258
	50
	-6
	47.52

	
	100
	-6
	95.04

	
	200
	-6
	190.08

	
	400
	-6
	380.16



[bookmark: _Toc21340846][bookmark: _Toc29805293][bookmark: _Toc36456502][bookmark: _Toc36469600][bookmark: _Toc37254009][bookmark: _Toc37322866][bookmark: _Toc37324272][bookmark: _Toc45889795][bookmark: _Toc52196455][bookmark: _Toc52197435][bookmark: _Toc53173158][bookmark: _Toc53173527][bookmark: _Toc61119527][bookmark: _Toc61119909][bookmark: _Toc67925967]6.3A.2	Transmit OFF power for CA
For intra-band contiguous and non-contiguous carrier aggregation, the transmit OFF power is defined as the TRP in the channel bandwidth per component carrier when the transmitter is OFF. The transmitter is considered OFF when the UE is not allowed to transmit on any of it sports.
The transmit OFF power shall not exceed the values specified in Table 6.3A.2-1 for each operating band supported.
Table 6.3A.2-1: Transmit OFF power for CA
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257, n258, n259, n260, n261
	-35
	-35
	-35
	-35

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz



For inter-band carrier aggregation with uplink assigned to two NR bands, the transmit OFF power specified in clause 6.3.2.1 is applicable for each component carrier when the transmitter is OFF on all component carriers. The transmitter is considered to be OFF when the UE is not allowed to transmit on any of its ports.

[bookmark: _Toc21340847][bookmark: _Toc29805294][bookmark: _Toc36456503][bookmark: _Toc36469601][bookmark: _Toc37254010][bookmark: _Toc37322867][bookmark: _Toc37324273][bookmark: _Toc45889796][bookmark: _Toc52196456][bookmark: _Toc52197436][bookmark: _Toc53173159][bookmark: _Toc53173528][bookmark: _Toc61119528][bookmark: _Toc61119910][bookmark: _Toc67925968]6.3A.3	Transmit ON/OFF time mask for CA
For intra-band contiguous and non-contiguous UL carrier aggregation, the general output power ON/OFF time mask specified in clause 6.3.3.2 is applicable for each component carrier during the ON power period and the transient periods. The OFF period as specified in clause 6.3.3.2 shall only be applicable for each component carrier when all the component carriers are OFF.
[bookmark: _Toc21340848][bookmark: _Toc29805295][bookmark: _Toc36456504][bookmark: _Toc36469602][bookmark: _Toc37254011][bookmark: _Toc37322868][bookmark: _Toc37324274][bookmark: _Toc45889797][bookmark: _Toc52196457][bookmark: _Toc52197437][bookmark: _Toc53173160][bookmark: _Toc53173529][bookmark: _Toc61119529][bookmark: _Toc61119911][bookmark: _Toc67925969]For inter-band carrier aggregation with uplink assigned to two NR bands, the general output power ON/OFF time mask specified in clause 6.3.3.1 is applicable for each component carrier during the ON power period and the transient periods. The OFF period as specified in clause 6.3.3.1 shall only be applicable for each component carrier when all the component carriers are OFF.
6.3A.4	Power control for CA
[bookmark: _Toc21340849][bookmark: _Toc29805296][bookmark: _Toc36456505][bookmark: _Toc36469603][bookmark: _Toc37254012][bookmark: _Toc37322869][bookmark: _Toc37324275][bookmark: _Toc45889798][bookmark: _Toc52196458][bookmark: _Toc52197438][bookmark: _Toc53173161][bookmark: _Toc53173530][bookmark: _Toc61119530][bookmark: _Toc61119912][bookmark: _Toc67925970]6.3A.4.1	General
[bookmark: _Hlk519746368]The requirements in this clause apply to a UE when it has at least one of UL or DL configured for CA operation. The requirements on power control accuracy in CA operation apply under normal conditions and are defined as a directional requirement. The requirements are verified in beam locked mode on beam peak direction. The requirements apply for one single PUCCH, PUSCH or SRS transmission of contiguous PRB allocation per configured UL CC with power setting in accordance with Clause 7.1 of [10]
6.3A.4.2	Absolute power tolerance
For intra-band contiguous and non-contiguous UL carrier aggregation, the absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap on each active component carriers larger than 20 ms. For SRS switching, the absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap on component carriers (to which SRS switching occurs) larger than 20 ms. The requirement can be tested by time aligning any transmission gaps on the component carriers. For intra-band contiguous CA, the absolute power control tolerance per configured UL CC is given in Tables 6.3.4.2-1 and 6.3.4.2-2.
6.3A.4.3	Relative power tolerance
For intra-band contiguous and non-contiguous UL carrier aggregation, the relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relative to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is less than or equal to 20ms.
For intra-band contiguous CA, the requirements apply when the power of the target and reference sub-frames on each component carrier exceed the minimum output power as defined in clause 6.3A.1 and the total power is limited by PUMAX as defined in clause 6.2A.4. For the purpose of these requirements, the power in each component carrier is specified over only the transmitted resource blocks. The UE shall meet the requirements in tables 6.3.4.3-1 and 6.3.4.3-2 for transmission on each assigned component carrier, when the average PSDs over each CC are aligned with each other in the reference sub-frame. The requirements apply per component carrier to:
a.	All possible combinations of PUSCH and PUCCH transitions
b.	SRS and PUSCH/PUCCH transitions, only with simultaneous SRS of constant SRS bandwidth allocated in the target and reference subrames
c.	RACH, primary component carrier
When applicable, the power step P between the reference and target subframes shall be set by a TPC command and/or an uplink scheduling grant transmitted by means of an appropriate DCI Format.
6.3A.4.4	Aggregate power tolerance
For intra-band contiguous and non-contiguous UL carrier aggregation, the aggregate power control tolerance is the ability of the UE transmitter to maintain its power during non-contiguous transmissions within 21 ms in response to 0 dB TPC commands with respect to the first UE transmission and all other power control parameters as specified in [10] kept constant.
For intra-band contiguous CA, the aggregate power tolerance per CC is given in Tables 6.3.4.4.1-1 and 6.3.4.4.1-2, with simultaneous PUSCH configured. The average PSDs over each assigned CC shall be aligned before the start of the test. The requirement can be tested with the transmission gaps time aligned between component carriers.


[bookmark: _Toc21340875][bookmark: _Toc29805322][bookmark: _Toc36456531][bookmark: _Toc36469629][bookmark: _Toc37254038][bookmark: _Toc37322895][bookmark: _Toc37324301][bookmark: _Toc45889824][bookmark: _Toc52196484][bookmark: _Toc52197464][bookmark: _Toc53173187][bookmark: _Toc53173556][bookmark: _Toc61119556][bookmark: _Toc61119938][bookmark: _Toc67925998]6.4A	Transmit signal quality for CA
[bookmark: _Toc52196485][bookmark: _Toc52197465][bookmark: _Toc53173188][bookmark: _Toc53173557][bookmark: _Toc61119557][bookmark: _Toc61119939][bookmark: _Toc67925999]6.4A.0	General 
The requirements in this clause apply if the UE has at least one of UL or DL configured for CA.
[bookmark: _Toc21340876][bookmark: _Toc29805323][bookmark: _Toc36456532][bookmark: _Toc36469630][bookmark: _Toc37254039][bookmark: _Toc37322896][bookmark: _Toc37324302][bookmark: _Toc45889825][bookmark: _Toc52196486][bookmark: _Toc52197466][bookmark: _Toc53173189][bookmark: _Toc53173558][bookmark: _Toc61119558][bookmark: _Toc61119940][bookmark: _Toc67926000]6.4A.1	Frequency error
The requirements in this clause apply to UEs of all power classes. 
For intra-band contiguous and non-contiguous carrier aggregation, the UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequencies per band shall be accurate to within ± 0.1 PPM observed over a period of 1ms of cumulated measurement intevals compared to the carrier frequency of primary component carrier received from the gNB.
For inter-band carrier aggregation with uplink assigned to two NR bands, the frequency error requirements defined in clause 6.4.1 shall apply on each component carrier with all component carriers active.
The frequency error is defined as a directional requirement. The requirement is verified in beam locked mode on beam peak direction.
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[bookmark: _Toc21340878][bookmark: _Toc29805325][bookmark: _Toc36456534][bookmark: _Toc36469632][bookmark: _Toc37254041][bookmark: _Toc37322898][bookmark: _Toc37324304][bookmark: _Toc45889827][bookmark: _Toc52196488][bookmark: _Toc52197468][bookmark: _Toc53173191][bookmark: _Toc53173560][bookmark: _Toc61119560][bookmark: _Toc61119942][bookmark: _Toc67926002]6.4A.2.0	General
For intra-band contiguous and non-contiguous carrier aggregation, the requirements in clauses 6.4A.2.1, 6.4A.2.2, and 6.4A.2.3. 
All the parameters defined in clause 6.4A.2 are defined using the measurement methodology specified in Annex F.
All the requirements in 6.4A.2 are defined as directional requirement. The requirements are verified in beam locked mode on beam peak direction, with both UL polarizations active.
[bookmark: _Toc21340879][bookmark: _Toc29805326][bookmark: _Toc36456535][bookmark: _Toc36469633][bookmark: _Toc37254042][bookmark: _Toc37322899][bookmark: _Toc37324305][bookmark: _Toc45889828][bookmark: _Toc52196489][bookmark: _Toc52197469][bookmark: _Toc53173192][bookmark: _Toc53173561][bookmark: _Toc61119561][bookmark: _Toc61119943][bookmark: _Toc67926003]For inter-band carrier aggregation with uplink assigned to two NR bands, the transmit modulation quality requirements shall apply on each component carrier as defined in clause 6.4.2 with all component carriers active: PCC with PRB allocation and SCC without PRB allocation and without CSI reporting and SRS configured.
6.4A.2.1	Error Vector magnitude
The requirements in this clause apply to UEs of all power classes. For intra-band contiguous and non-contiguous carrier aggregation, the Error Vector Magnitude requirement of clause 6.4.2.2 is defined for each component carrier. Requirements only apply with PRB allocation in one of the component carriers. Similar transmitter impairment removal procedures are applied for CA waveform before EVM calculation as is specified for non-CA waveform.
In case the parameter 3300 or 3301 is reported from UE via the parameter txDirectCurrentLocation in UplinkTxDirectCurrenList IE (as defined in TS 38.331 [13]),  carrier leakage measurement requirement in clause 6.4A.2.2 and 6.4A.2.3 shall be waived, and the RF correction with regard to the carrier leakage and IQ image shall be omitted during the calculation of transmit modulation quality.
The UE is defined to be configured for CA operation when it has at least one of UL or DL configured for CA.
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Carrier leakage is an additive sinusoid waveform. The carrier leakage requirement is defined for each component carrier and is measured on the component carrier with PRBs allocated. The measurement interval is one slot in the time domain.
Note:	When UE has DL configured for non-contiguous CA, carrier leakage may land outside the spectrum occupied by all configured UL and DL CC.
The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The requirement is verified with the test metric of Carrier Leakage (Link=TX beam peak direction, Meas=Link angle).
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When carrier leakage is contained inside the spectrum occupied by all configured UL and DL CCs, the relative carrier leakage power shall not exceed the values specified in Table 6.4A.2.2.2-1 for power class 1 UEs.
Table 6.4A.2.2.2-1: Minimum requirements for relative carrier leakage for power class 1
	Parameters
	Relative Limit (dBc)

	EIRP > 17 dBm
	-25

	4 dBm ≤ EIRP ≤ 17 dBm
	-20
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When carrier leakage is contained inside the spectrum occupied by all configured UL and DL CCs, the relative carrier leakage power shall not exceed the values specified in Table 6.4A.2.2.3-1 for power class 2.
Table 6.4A.2.2.3-1: Minimum requirements for relative carrier leakage power class 2
	Parameters
	Relative limit (dBc)

	EIRP > 6 dBm
	-25

	-13 dBm ≤ EIRP ≤ 6 dBm
	-20
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When carrier leakage is contained inside the spectrum occupied by all configured UL and DL CCs, the relative carrier leakage power shall not exceed the values specified in Table 6.4A.2.2.4-1 for power class 3 UEs.
Table 6.4A.2.2.4-1: Minimum requirements for relative carrier leakage power class 3
	Parameters
	Relative limit (dBc)

	Output power > 0 dBm
	-25

	-13 dBm ≤ Output power EIRP ≤ 0 dBm
	-20
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When carrier leakage is contained inside the spectrum occupied by all configured UL and DL CCs, the relative carrier leakage power shall not exceed the values specified in Table 6.4A.2.2.5-1 for power class 4 UEs.
Table 6.4A.2.2.5-1: Minimum requirements for relative carrier leakage power class 4
	Parameters
	Relative limit (dBc)

	Output power > 11 dBm
	-25

	-13 dBm ≤ Output power EIRP ≤ 11 dBm
	-20



[bookmark: _Toc67926010]6.4A.2.2.6	Carrier leakage for power class 5
When carrier leakage is contained inside the spectrum occupied by all configured UL and DL CCs, the relative carrier leakage power shall not exceed the values specified in Table 6.4A.2.2.6-1 for power class 5 UEs.
Table 6.4A.2.2.6-1: Minimum requirements for relative carrier leakage power class 5
	Parameters
	Relative limit (dBc)

	Output power > 7 dBm
	-25

	-6 dBm ≤ Output power EIRP ≤ 7 dBm
	-20
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Inband emission requirement is defined over the spectrum occupied by all configured UL and DL CCs. The measurement interval is as defined in clause 6.4.2.4. The requirement is verified with the test metric of In-band emission (Link=TX beam peak direction, Meas=Link angle).
For intra-band contiguous and non-contiguous carrier aggregation, the requirements in this clause apply with all component carriers active and with one single contiguous PRB allocation in one of uplink component carriers. The inband emission is defined as the interference falling into the non-allocated resource blocks for all component carriers.
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The average of the in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 6.4A.2.3.2-1 for power class 1 UEs.
Table 6.4A.2.3.2-1: Requirements for in-band emissionsfor power class 1
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated RB in allocated component carrier and not allocated component carriers
(NOTE 2)

	IQ Image
	dB
	-25
	Output power > 27 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 27 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 17 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	4 dBm ≤ Output power ≤ 17 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. is defined in NOTE 9.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For Pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	Image frequencies for UL CA are specified in relation to either UL or DL carrier frequency.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency, or in the two RBs immediately adjacent to the DC frequency but excluding any allocated RB.
NOTE 6:	 is the Transmission Bandwidth for kth allocated component carrier (see Figure 5.3.3-1).
NOTE 7:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 8:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  = 1 or  = -1 for the first adjacent RB outside of the allocated bandwidth), and may take non-integer values when the carrier spacing between the CCs is not a multiple of RB.
NOTE 9:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 10:	All powers are EIRP in beam peak direction.
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The average of the in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 6.4A.2.3.3-1 for power class 2.
Table 6.4A.2.3.3-1: Requirements for in-band emissions for power class 2
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated RB in allocated component carrier and not allocated component carriers
(NOTE 2)

	IQ Image
	dB
	-25
	Output power > 16 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 16 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 6 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-13 dBm ≤ Output power ≤ 6 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. is defined in NOTE 9.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For Pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	Image frequencies for UL CA are specified in relation to either UL or DL carrier frequency.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency, or in the two RBs immediately adjacent to the DC frequency but excluding any allocated RB.
NOTE 6:	 is the Transmission Bandwidth for kth allocated component carrier (see Figure 5.3.3-1).
NOTE 7:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 8:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  = 1 or  = -1 for the first adjacent RB outside of the allocated bandwidth), and may take non-integer values when the carrier spacing between the CCs is not a multiple of RB.
NOTE 9:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 10:	All powers are EIRP in beam peak direction.
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The average of the in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 6.4A.2.3.4-1 for power class 3 UEs.
Table 6.4A.2.3.4-1: Requirements for in-band emissions for power class 3
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated RB in allocated component carrier and not allocated component carriers
(NOTE 2)

	IQ Image
	dB
	-25
	Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-13 dBm ≤ Output power ≤ 0 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. is defined in NOTE 9.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For Pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	Image frequencies for UL CA are specified in relation to either UL or DL carrier frequency.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency, or in the two RBs immediately adjacent to the DC frequency but excluding any allocated RB.
NOTE 6:	 is the Transmission Bandwidth for kth allocated component carrier (see Figure 5.3.3-1).
NOTE 7:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 8:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  = 1 or  = -1 for the first adjacent RB outside of the allocated bandwidth), and may take non-integer values when the carrier spacing between the CCs is not a multiple of RB.
NOTE 9:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 10:	All powers are EIRP in beam peak direction.
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The average of the in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 6.4A.2.3.5-1 for power class 4 UEs.
Table 6.4A.2.3.5-1: Requirements for in-band emissions for power class 4
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated RB in allocated component carrier and not allocated component carriers
(NOTE 2)

	IQ Image
	dB
	-25
	Output power > 21 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 21 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 11 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-13 dBm ≤ Output power ≤ 11 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. is defined in NOTE 9.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	Image frequencies for UL CA are specified in relation to either UL or DL carrier frequency.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency, or in the two RBs immediately adjacent to the DC frequency but excluding any allocated RB.
NOTE 6:	 is the Transmission Bandwidth for kth allocated component carrier (see Figure 5.3.3-1).
NOTE 7:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 8:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  = 1 or  = -1 for the first adjacent RB outside of the allocated bandwidth), and may take non-integer values when the carrier spacing between the CCs is not a multiple of RB.
NOTE 9:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 10:	All powers are EIRP in beam peak direction.



[bookmark: _Toc67926017]6.4A.2.3.6	Inband emissions for power class 5
The average of the in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 6.4A.2.3.6-1 for power class 6 UEs.
Table 6.4A.2.3.6-1: Requirements for in-band emissions for power class 5
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated RB in allocated component carrier and not allocated component carriers
(NOTE 2)

	IQ Image
	dB
	-25
	Output power > 17 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 17 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 7 dBm 
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-6 dBm ≤ Output power ≤ 7 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. is defined in NOTE 9.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	Image frequencies for UL CA are specified in relation to either UL or DL carrier frequency.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency, or in the two RBs immediately adjacent to the DC frequency but excluding any allocated RB.
NOTE 6:	 is the Transmission Bandwidth for kth allocated component carrier (see Figure 5.3.3-1).
NOTE 7:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 8:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  = 1 or  = -1 for the first adjacent RB outside of the allocated bandwidth), and may take non-integer values when the carrier spacing between the CCs is not a multiple of RB.
NOTE 9:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 10:	All powers are EIRP in beam peak direction.
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[bookmark: _Toc21340912][bookmark: _Toc29805359][bookmark: _Toc36456568][bookmark: _Toc36469666][bookmark: _Toc37254075][bookmark: _Toc37322932][bookmark: _Toc37324338][bookmark: _Toc45889861][bookmark: _Toc52196522][bookmark: _Toc52197502][bookmark: _Toc53173225][bookmark: _Toc53173594][bookmark: _Toc61119595][bookmark: _Toc61119977][bookmark: _Toc67926039]6.5A	Output RF spectrum emissions for CA
[bookmark: _Toc21340913][bookmark: _Toc29805360][bookmark: _Toc36456569][bookmark: _Toc36469667][bookmark: _Toc37254076][bookmark: _Toc37322933][bookmark: _Toc37324339][bookmark: _Toc45889862][bookmark: _Toc52196523][bookmark: _Toc52197503][bookmark: _Toc53173226][bookmark: _Toc53173595][bookmark: _Toc61119596][bookmark: _Toc61119978][bookmark: _Toc67926040]6.5A.1	Occupied bandwidth for CA
[bookmark: _Toc52196524][bookmark: _Toc52197504][bookmark: _Toc53173227][bookmark: _Toc53173596][bookmark: _Toc61119597][bookmark: _Toc61119979][bookmark: _Toc67926041][bookmark: _Hlk52185232]6.5A.1.0	General
The occupied bandwidth for UL CA is defined as a directional requirement. The requirement is verified in beam locked mode on beam peak direction. In case the CA configuration consists of a single UL CC, the occupied bandwidth requirement defined in subclause 6.5.1 applies.
[bookmark: _Toc52196525][bookmark: _Toc52197505][bookmark: _Toc53173228][bookmark: _Toc53173597][bookmark: _Toc61119598][bookmark: _Toc61119980][bookmark: _Toc67926042]6.5A.1.1	Occupied bandwidth for intra-band contiguous UL CA
For intra-band contiguous UL carrier aggregation, the occupied bandwidth is a measure of the bandwidth containing 99 % of the total integrated power of the transmitted spectrum. The occupied bandwidth for UL CA shall be less than the UL aggregated channel bandwidth defined in clause 5.3A.
[bookmark: _Toc52196526][bookmark: _Toc52197506][bookmark: _Toc53173229][bookmark: _Toc53173598][bookmark: _Toc61119599][bookmark: _Toc61119981][bookmark: _Toc67926043][bookmark: _Toc21340914][bookmark: _Toc29805361][bookmark: _Toc36456570][bookmark: _Toc36469668][bookmark: _Toc37254077][bookmark: _Toc37322934][bookmark: _Toc37324340][bookmark: _Toc45889863]6.5A.1.2	Occupied bandwidth for intra-band non-contiguous UL CA
For intra-band non-contiguous UL carrier aggregation, the occupied bandwidth requirement is met when the ratio of the transmitted power in all sub-blocks of the UL CA configuration to the total integrated power of the transmitted spectrum is greater than 99%.
6.5A.1.3	Occupied bandwidth for inter-band UL CA
For inter-band carrier aggregation with uplink assigned to two NR bands, the occupied bandwidth is defined per component carrier. Occupied bandwidth is the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on assigned channel bandwidth on the component carrier. The occupied bandwidth shall be less than the channel bandwidth specified in Table 6.5.1-1.


[bookmark: _Toc52196527][bookmark: _Toc52197507][bookmark: _Toc53173230][bookmark: _Toc53173599][bookmark: _Toc61119600][bookmark: _Toc61119982][bookmark: _Toc67926044]6.5A.2	Out of band emissions
[bookmark: _Toc21340915][bookmark: _Toc29805362][bookmark: _Toc36456571][bookmark: _Toc36469669][bookmark: _Toc37254078][bookmark: _Toc37322935][bookmark: _Toc37324341][bookmark: _Toc45889864][bookmark: _Toc52196529][bookmark: _Toc52197508][bookmark: _Toc53173231][bookmark: _Toc53173600][bookmark: _Toc61119601][bookmark: _Toc61119983][bookmark: _Toc67926045]6.5A.2.1	Spectrum emission mask for CA
[bookmark: _Toc52196528][bookmark: _Toc52197509][bookmark: _Toc53173232][bookmark: _Toc53173601][bookmark: _Toc61119602][bookmark: _Toc61119984][bookmark: _Toc67926046]6.5A.2.1.0	General
The requirements specified in this clause shall apply if the UE has at least one of UL or DL configured for CA or if the UE is configured for single CC operation with different channel bandwidths in UL and DL carriers. In case the CA configuration consists of a single UL CC, spectrum emission mask defined in subclause 6.5.2.1 applies. Spectral emission mask requirements do not apply at any frequency where IBE requirements of clause 6.4A.2.3 apply.
[bookmark: _Hlk52185415]The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak direction).
[bookmark: _Toc52196530][bookmark: _Toc52197510][bookmark: _Toc53173233][bookmark: _Toc53173602][bookmark: _Toc61119603][bookmark: _Toc61119985][bookmark: _Toc67926047]6.5A.2.1.1	Spectrum emission mask for intra-band contiguous UL CA
For intra-band contiguous UL carrier aggregation, the spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ± edge of the UL aggregated channel bandwidth (Table 5.3A.5-1). For any bandwidth class defined in Table 5.3A.5-1, the UE emission shall not exceed the levels specified in Table 6.5A.2.1-1.
Table 6.5A.2.1.1-1: General NR spectrum emission mask for intra-band contiguous CA in frequency range 2
	ΔfOOB
(MHz)
	Any carrier aggregation bandwidth class
	Measurement bandwidth

	± 0-0.1*BWChannel_CA
	-5 
	1 MHz 

	± 0.1*BWChannel_CA -2*BWChannel_CA
	-13
	1 MHz

	NOTE 1:	(void)



[bookmark: _Toc52196531][bookmark: _Toc52197511][bookmark: _Toc53173234][bookmark: _Toc53173603][bookmark: _Toc61119604][bookmark: _Toc61119986][bookmark: _Toc67926048][bookmark: _Toc21340916][bookmark: _Toc29805363][bookmark: _Toc36456572][bookmark: _Toc36469670][bookmark: _Toc37254079][bookmark: _Toc37322936][bookmark: _Toc37324342][bookmark: _Toc45889865]6.5A.2.1.2	Spectrum emission mask for intra-band non-contiguous UL CA
For intra-band non-contiguous UL carrier aggregation, the spectrum emission mask requirement is defined as a composite spectrum emissions mask. Composite spectrum emission mask applies to frequencies up to ± ΔfOOB starting from the edge of each UL sub-block. Composite spectrum emission mask is defined as follows:
a)	Composite spectrum emission mask is a combination of individual spectrum emissions masks defined for each sub-block. If for some frequency, spectrum emission masks from multiple sub-blocks overlap, the spectrum emission mask allowing the highest power spectral density applies for that frequency 
b)	In case a sub-block comprises of multiple component carriers, the spectrum emissions mask is defined in subclause 6.5A.2.1.1 or in case of a single component carrier, the sub-block spectrum emission mask is defined in subclause 6.5.2.1
c)	If for some frequency the spectrum emission mask of one sub-block overlaps another sub-block, the emission mask does not apply for that frequency.
d)	If carrier leakage or I/Q image lands inside the spectrum occupied by the configured UL and DL CCs, exception to the general spectrum emission mask limit applies. For carrier leakage the requirements specified in section 6.4A.2.2 shall apply. For I/Q image the requirements specified in section 6.4A.2.3 shall apply.
[bookmark: _Toc13085710][bookmark: _Toc29805364][bookmark: _Toc36456573][bookmark: _Toc36469671][bookmark: _Toc37254080][bookmark: _Toc37322937][bookmark: _Toc37324343][bookmark: _Toc45889866][bookmark: _Toc52196532][bookmark: _Toc52197512][bookmark: _Toc53173235][bookmark: _Toc53173604][bookmark: _Toc61119605][bookmark: _Toc61119987][bookmark: _Toc67926049]6.5A.2.1.3	Spectrum emission mask for inter-band UL CA
For inter-band carrier aggregation with uplink assigned to two NR bands, the spectrum emission mask of the UE is defined per component carrier while both component carriers are active and the requirements are specified in clauses 6.5.2.1 and 6.5.2.2. If for some frequency spectrum emission masks of component carriers overlap then spectrum emission mask allowing higher power spectral density applies for that frequency. If for some frequency a component carrier spectrum emission mask overlaps with the channel bandwidth of another component carrier, then the emission mask does not apply for that frequency.
6.5A.2.3	Adjacent channel leakage ratio for CA
[bookmark: _Toc52196533][bookmark: _Toc52197513][bookmark: _Toc53173236][bookmark: _Toc53173605][bookmark: _Toc61119606][bookmark: _Toc61119988][bookmark: _Toc67926050][bookmark: _Hlk52185973]6.5A.2.3.1	Adjacent channel leakage ratio for CA intra-band contiguous UL CA
In case the CA configuration consists of a single UL CC, the adjacent channel leakage ratio defined in subclause 6.5.2.3 applies. For intra-band contiguous UL carrier aggregation, the carrier aggregation NR adjacent channel leakage power ratio (CA NRACLR) is the ratio of the filtered mean power centred on the UL aggregated channel bandwidth to the filtered mean power centred on an adjacent UL aggregated channel bandwidth at spacing equal to the UL aggregated channel bandwidth. The assigned UL aggregated channel bandwidth power and adjacent UL aggregated channel bandwidth power are measured with rectangular filters with measurement bandwidths specified in Table 6.5A.2.3.1-1. If the measured adjacent channel power is greater than -35 dBm then the CA NRACLR shall be higher than the value specified in Table 6.5A.2.3.1-1.
Table 6.5A.2.3.1-1: General requirements for contiguous UL CA NRACLR
	
	CA bandwidth class / CA NRACLR / Measurement bandwidth

	
	Any CA bandwidth class

	CA NRACLR for band n257, n258, n261
	17 dB

	CA NRACLR for band n259, n260
	16 dB

	NR channel measurement bandwidth1
	BWChannel_CA  – 2*BWGB

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel_CA
/
- BWChannel_CA

	NOTE 1:	BWGB is defined in clause 5.3A.2. 



[bookmark: _Toc52196534][bookmark: _Toc52197514][bookmark: _Toc53173237][bookmark: _Toc53173606][bookmark: _Toc61119607][bookmark: _Toc61119989][bookmark: _Toc67926051]6.5A.2.3.2	Adjacent channel leakage ratio for CA intra-band non-contiguous UL CA
For intra-band non-contiguous carrier aggregation, adjacent channel leakage power ratio (CA NRACLR) is the ratio of the sum of the filtered mean powers centred on each sub-block bandwidth to the filtered mean power centred on an adjacent sub-block frequency at nominal spacing equal to the sub-block bandwidth. The power in the configured UL CCs and power in the sub-block bandwidth adjacent to each sub-block of configured UL CCs are measured with rectangular filters with measurement bandwidths specified in Table 6.5A.2.3.1-2. In case a sub-block consists of a single component carrier, the measurement bandwidths and adjacent frequency offset from subclause 6.5.2.3 shall be used. If the measured adjacent sub-block power is greater than -35 dBm then the CA NRACLR shall be higher than the value specified in Table 6.5A.2.3.1-2. 
No requirement applies in the gap between neighbouring sub-blocks if the frequency span between the lowest edge of the upper sub-block and the highest edge of the lower sub-block is smaller than the bandwidth of either sub-block.
Table 6.5A.2.3.1-2: General requirements for NC UL CA NRACLR
	
	CA bandwidth class / CA NRACLR / Measurement bandwidth

	
	Any CA bandwidth class

	CA NRACLR for band n257, n258, n261
	17 dB

	CA NRACLR for band n260
	16 dB

	NR channel measurement bandwidth1
	S(BWChannel,block)

	Adjacent sub-block centre frequency offset (in MHz)
	+ BWChannel,block
/
- BWChannel_block

	NOTE 1:	BWChannel_block is defined in clause 5.3A.2. 
NOTE 2: ‘Adjacent sub-block centre frequency offset’ is defined for each sub-block in the UL CA configuration



6.5A.2.3.3	Adjacent channel leakage ratio for CA inter-band UL CA
For inter-band carrier aggregation with uplink assigned to two NR bands, the NR Adjacent Channel Leakage power Ratio (NRACLR) is defined per component carrier while both component carriers are active and the requirement is specified in clause 6.5.2.4.1.

[bookmark: _Toc21340917][bookmark: _Toc29805365][bookmark: _Toc36456574][bookmark: _Toc36469672][bookmark: _Toc37254081][bookmark: _Toc37322938][bookmark: _Toc37324344][bookmark: _Toc45889867][bookmark: _Toc52196535][bookmark: _Toc52197515][bookmark: _Toc53173238][bookmark: _Toc53173607][bookmark: _Toc61119608][bookmark: _Toc61119990][bookmark: _Toc67926052]6.5A.3	Spurious emissions for CA
[bookmark: _Toc52196536][bookmark: _Toc52197516][bookmark: _Toc53173239][bookmark: _Toc53173608][bookmark: _Toc61119609][bookmark: _Toc61119991][bookmark: _Toc67926053]6.5A.3.0	General spurious emissions for CA
[bookmark: _Toc52196537][bookmark: _Toc52197517][bookmark: _Toc53173240][bookmark: _Toc53173609][bookmark: _Toc61119610][bookmark: _Toc61119992][bookmark: _Toc67926054]6.5A.3.0.0	General 
This clause specifies the spurious emission requirements for carrier aggregation. The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak direction).
In case the CA configuration consists of a single UL CC, spurious emissions requirements defined in subclause 6.5.3 apply. Spurious emissions requirements do not apply at any frequency where IBE requirements of clause 6.4A.2.3 apply.
NOTE:	For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.
[bookmark: _Toc52196538][bookmark: _Toc52197518][bookmark: _Toc53173241][bookmark: _Toc53173610][bookmark: _Toc61119611][bookmark: _Toc61119993][bookmark: _Toc67926055]6.5A.3.0.1	Spurious emissions for intra-band contiguous UL CA
[bookmark: _Toc52196539][bookmark: _Toc52197519][bookmark: _Toc53173242][bookmark: _Toc53173611][bookmark: _Toc21340918][bookmark: _Toc29805366][bookmark: _Toc36456575][bookmark: _Toc36469673][bookmark: _Toc37254082][bookmark: _Toc37322939][bookmark: _Toc37324345][bookmark: _Toc45889868]For intra-band contiguous UL carrier aggregation, the spurious emission limits apply for the frequency ranges that are more than FOOB (MHz) from the edge of the UL aggregated channel bandwidth, where FOOB is defined as the twice the UL aggregated channel bandwidth. For frequencies ΔfOOB greater than FOOB, the spurious emission requirements in Table 6.5.3-2 are applicable.
[bookmark: _Toc61119612][bookmark: _Toc61119994][bookmark: _Toc67926056]6.5A.3.0.2	Spurious emissions for intra-band non-contiguous UL CA
For intra-band non-contiguous UL carrier aggregation, the spurious emission requirement is defined as a composite spurious emission requirement which is a combination of individual spurious emission requirements defined for each UL sub-block. The limits in Table 6.5.3-2 apply for the frequency ranges that are more than FOOB (MHz) from the edge of each UL sub-block but excludes frequency ranges that coincide with another UL sub-block. No spurious emission limit applies in the gap between neighbouring UL sub-blocks if the frequency span between the lowest edge of the upper sub-block and the highest edge of the lower sub-block is smaller than FOOB_L + FOOB_H.
[bookmark: _Toc52196540][bookmark: _Toc52197520][bookmark: _Toc53173243][bookmark: _Toc53173612][bookmark: _Toc61119613][bookmark: _Toc61119995][bookmark: _Toc67926057]6.5A.3.0.3	Spurious emissions for inter-band UL CA
For inter-band UL carrier aggregation, the spurious emission requirement is defined as a composite spurious emission requirement which is a combination of individual spurious emission requirements defined for each UL sub-block. The limits in Table 6.5.3-2 apply for the frequency ranges that are more than FOOB (MHz) from the edge of each UL sub-block but excludes frequency ranges that coincide with another UL sub-block. No spurious emission limit applies in the gap between neighbouring UL sub-blocks if the frequency span between the lowest edge of the upper sub-block and the highest edge of the lower sub-block is smaller than FOOB_L + FOOB_H.
6.5A.3.1	Spurious emission band UE co-existence for UL CA
This clause specifies the requirements for the specified contiguous or non-contiguous UL carrier aggregation configurations for coexistence with protected bands.
NOTE:	For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.
For intra-band contiguous and non-contiguous carrier aggregation, the requirements in Table 6.5A.3-1 apply.
Table 6.5A.3.1-1: Requirements for intra-band CA
	CA band
	Spurious emission

	
	Protected band / frequency range
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_n257
	NR Band n260
	FDL_low
	-
	FDL_high
	-2
	100
	

	
	Frequency range
	57000
	-
	66000
	2
	100
	

	
	Frequency range
	23600
	-
	24000
	1
	200
	2

	CA_n258
	Frequency range
	57000
	-
	66000
	2
	100
	

	CA_n259
	NR Band 257
	FDL_low
	-
	FDL_high
	-5
	100
	

	
	NR Band 261
	FDL_low
	-
	FDL_high
	-5
	100
	

	
	Frequency range
	36000
	-
	37000
	7
	1000
	

	
	Frequency range
	57000
	-
	66000
	2
	100
	

	CA_n260
CA_n260(*)
	NR Band 257
	FDL_low
	-
	FDL_high
	-5
	100
	

	
	NR Band 261
	FDL_low
	-
	FDL_high
	-5
	100
	

	
	Frequency range
	57000
	-
	66000
	2
	100
	

	CA_n261
	NR Band 260
	FDL_low
	-
	FDL_high
	-2
	100
	

	
	Frequency range
	57000
	-
	66000
	2
	100
	

	NOTE 1:	FDL_low and FDL_high refer to each NR frequency band specified in Table 5.2-1
NOTE 2:	The protection of frequency range 23600-24000 MHz is meant for protection of satellite passive services.



[bookmark: _Hlk9415938][bookmark: _Toc21340919][bookmark: _Toc29805367][bookmark: _Toc36456576][bookmark: _Toc36469674][bookmark: _Toc37254083][bookmark: _Toc37322940][bookmark: _Toc37324346][bookmark: _Toc45889869][bookmark: _Toc52196541][bookmark: _Toc52197521][bookmark: _Toc53173244][bookmark: _Toc53173613][bookmark: _Toc61119614][bookmark: _Toc61119996][bookmark: _Toc67926058]For inter-band carrier aggregation with the uplink assigned to two NR bands, the requirements in Table 6.5A.3.12 apply on each component carrier with all component carriers are active.
Table 6.5A.3.1-2: Requirements for uplink inter-band carrier aggregation (two bands)
	NR CA combination
	Spurious emission

	
	Protected Band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_n257-n259
	Frequency range
	23600
	-
	24000
	1
	200
	2

	
	Frequency range
	36000
	-
	37000
	7
	1000
	

	
	Frequency range
	57000
	-
	66000
	2
	100
	



6.5A.3.2	Additional spurious emissions
[bookmark: _Toc21340920][bookmark: _Toc29805368][bookmark: _Toc36456577][bookmark: _Toc36469675][bookmark: _Toc37254084][bookmark: _Toc37322941][bookmark: _Toc37324347][bookmark: _Toc45889870][bookmark: _Toc52196542][bookmark: _Toc52197522][bookmark: _Toc53173245][bookmark: _Toc53173614][bookmark: _Toc61119615][bookmark: _Toc61119997][bookmark: _Toc67926059]6.5A.3.2.1	General
These requirements are specified in terms of an additional spectrum emission requirement. Additional spurious emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.
[bookmark: _Toc21340921][bookmark: _Toc29805369][bookmark: _Toc36456578][bookmark: _Toc36469676][bookmark: _Toc37254085][bookmark: _Toc37322942][bookmark: _Toc37324348][bookmark: _Toc45889871][bookmark: _Toc52196543][bookmark: _Toc52197523][bookmark: _Toc53173246][bookmark: _Toc53173615][bookmark: _Toc61119616][bookmark: _Toc61119998][bookmark: _Toc67926060]6.5A.3.2.2	Void
[bookmark: _Toc21340922][bookmark: _Toc29805370][bookmark: _Toc36456579][bookmark: _Toc36469677][bookmark: _Toc37254086][bookmark: _Toc37322943][bookmark: _Toc37324349][bookmark: _Toc45889872][bookmark: _Toc52196544][bookmark: _Toc52197524][bookmark: _Toc53173247][bookmark: _Toc53173616][bookmark: _Toc61119617][bookmark: _Toc61119999][bookmark: _Toc67926061]6.5A.3.2.3	Additional spurious emission requirements for CA_NS_202
When "CA_NS_202" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5.3.2.3-1.
[bookmark: _Toc61119618][bookmark: _Toc61120000][bookmark: _Toc67926062]6.5A.3.2.4	Additional spurious emission requirements for CA_NS_203
When "CA_NS_203" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5.3.2.4-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) as defined in section 6.5A.3.
[bookmark: _Toc21340935][bookmark: _Toc29805383][bookmark: _Toc36456592][bookmark: _Toc36469690][bookmark: _Toc37254099][bookmark: _Toc37322958][bookmark: _Toc37324364][bookmark: _Toc45889887][bookmark: _Toc52196562][bookmark: _Toc52197542][bookmark: _Toc53173265][bookmark: _Toc53173634][bookmark: _Toc61119636][bookmark: _Toc61120018][bookmark: _Toc67926088]6.6A	Beam correspondence for CA
For intra-band CA in FR2, the same beam correspondence relationship for beam management is supported across CCs in Rel-15 and no requirement is specified. Beam correspondence performance for intra-band CA is fulfilled if the beam correspondence requirements defined in clause 6.6 is met for non-CA case.
For inter-band CA in FR2 based on IBM, the beam correspondence relationship is independent per band. Beam correspondence performance for inter-band CA is fulfilled if the beam correspondence requirements defined in clause 6.6 is met for each band assuming the output power reduction specified in 6.2A.
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