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1. Introduction
For current draft spec TS38.101-1 after RAN#80, FR1 CA maximum output power requirements are still not completed. In this contribution, UE maximum output power for CA is discussed.
2. Discussion
2.1 General
In RAN4#87 meeting, NR CA structure has been split into three parts: intra-band C CA, intra-band NC CA and inter-band CA. The following discussion agrees with this new NR CA structure. UE maximum output power for CA is defined over any transmission bandwidth within aggregated channel bandwidth. RAN4 has already defined single carrier MOP requirement. For those CA classes with only one uplink CC to one NR band, single carrier MOP requirement applies; for those CA classes with more than one uplink CC, MOP requirement should be defined over aggregated channel bandwidth.
Proposal 1: For those CA configurations with only one uplink CC, single carrier MOP requirement applies; for those CA configurations with more than one uplink CC, MOP requirement should be defined over aggregated channel bandwidth.
In TS 38.101 v15.2.0, the measurement period for MOP is defined as follows:

The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms).
The existing measurement period requirement for MOP should be revisited for uplink power control time unit in NR is smaller than one subframe. So, the measurement period for CA and single carrier MOP requirement should also be revisited.
Proposal 2: The existing measurement period requirement for MOP should be revisited for uplink time unit in NR is smaller than one subframe. The measurement period for single carrier MOP requirement should also be revisited. A tentative measurement period for UE maximum output power is be listed in Table 1.
Table 1: Measurement period for UE maximum output power

	[TTI pattern]
	Minimum measurement period

	[Type A]
	[4OS]

	[Type B]
	[1OS]

	
	


2.2 UE maximum output power for Intra-band contiguous CA
Following LTE practice, UE MOP for intra-band C CA is spilt for UL intra-band C CA and DL intra-band contiguous with a single UL CC configured in NR band.
For UL intra-band C CA, UE MOP requirement is defined as Table 2.1.
Table 2.1 CA UE Power Class for intraband contiguous CA
	NR CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_XX
	
	
	
	
	23
	+2/-22
	
	

	NOTE 1:
Void

NOTE 2:
If all transmitted resource blocks (Figure 5.6A-1) over all component carriers are confined within FUL_low and FUL_low + 4 MHz or/and FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 4: 
For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


For DL intra-band C CA with a single UL CC configured in NR band, single carrier MOP requirement applies.
Proposal 3: Following LTE practice, UE MOP for intra-band C CA is spilt for UL intra-band C CA and DL intra-band contiguous with a single UL CC configured in NR band. 
· For UL intra-band C CA, UE MOP requirement is defined as Table 2.1.
· For DL intra-band C CA with a single UL CC configured in NR band, single carrier MOP requirement applies.
2.3 UE maximum output power for Intra-band non-contiguous CA
Following LTE practice,, intra-band NC CA MOP requirement is divided into two parts: with one uplink carrier on the PCC, with two uplink carriers.
For intra-band NC CA with one uplink carrier on the PCC, single carrier MOP requirement applies.

For intra-band NC CA with two uplink carriers, MOP requirement is defined as Table 2.2.

Table 2.2: UE Power Class for intraband non-contiguous CA

	NR CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_XX-XX
	
	
	
	
	23
	+2/-2
	
	

	NOTE 1:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 2:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 3: 
For intra-band non-contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


Proposal 4: Following LTE practice, intra-band NC CA MOP requirement is divided into two parts: with one uplink carrier on the PCC, with two uplink carriers.
· For intra-band NC CA with one uplink carrier on the PCC, single carrier MOP requirement applies.

· For intra-band NC CA with two uplink carriers, MOP requirement is defined as Table 2.2.
2.4 UE maximum output power for Inter-band CA
In this section, UE MOP requirement for inter-band CA has been defined. However, inter-band CA with one carrier configured with HPUE, this case has not been mentioned.
HPUE is only defined for single carrier operation, therefore when UE is configured with CA, power class fallback is required.
Proposal 5: HPUE is only defined for single carrier operation, therefore when UE is configured with CA, power class fallback is required.
For inter-band carrier aggregation with uplink assigned to one NR band in Band n41, n77, n78, or n79, the requirements for power class 2 are not applicable and the corresponding requirements for a power class 3 UE shall apply.
Proposal 6: For inter-band carrier aggregation with uplink assigned to one NR band in Band n41, n77, n78, or n79, the requirements for power class 2 are not applicable and the corresponding requirements for a power class 3 UE shall apply.
3. Conclusion
For FR1 CA operation, we have proposed UE maximum output power .
Proposal 1: For those CA configurations with only one uplink CC, single carrier MOP requirement applies; for those CA configurations with more than one uplink CC, MOP requirement should be defined over aggregated channel bandwidth.
Proposal 2: The existing measurement period requirement for MOP should be revisited for uplink time unit in NR is smaller than one subframe. The measurement period for single carrier MOP requirement should also be revisited. A tentative measurement period for UE maximum output power is be listed in Table 1.
Table 1: Measurement period for UE maximum output power

	[TTI pattern]
	Minimum measurement period

	[Type A]
	[4OS]

	[Type B]
	[1OS]

	
	


Proposal 3: Following LTE practice, UE MOP for intra-band C CA is spilt for UL intra-band C CA and DL intra-band contiguous with a single UL CC configured in NR band. 

· For UL intra-band C CA, UE MOP requirement is defined as Table 2.1.

· For DL intra-band C CA with a single UL CC configured in NR band, single carrier MOP requirement applies.
Proposal 4: Following LTE practice, intra-band NC CA MOP requirement is divided into two parts: with one uplink carrier on the PCC, with two uplink carriers.

· For intra-band NC CA with one uplink carrier on the PCC, single carrier MOP requirement applies.

· For intra-band NC CA with two uplink carriers, MOP requirement is defined as Table 2.2.

Proposal 5: HPUE is only defined for single carrier operation, therefore when UE is configured with CA, power class fallback is required.

Proposal 6: For inter-band carrier aggregation with uplink assigned to one NR band in Band n41, n77, n78, or n79, the requirements for power class 2 are not applicable and the corresponding requirements for a power class 3 UE shall apply.
These proposals are incorporated into companion draft CR [3].
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