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1. Introduction
Power control accuracy topics must be added to the requirements of an FR2 type 1 UE. This contribution proposes the structure and contents of the power control spec. It builds on previous consensus on this topic, captured in a WF [1].
2. Discussion

The requirement specification structure for power control has been established for FR1. The structure for FR2 can be patterned largely on FR1.

Agreements captured in a previous WF [1] fixed certain aspects of power control accuracy requirements:
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FR2 UEs are unique in having phased arrays to implement beam steering. In order to present optimal transmit signal quality over the entire Tx power range, UE RF front ends may have to incorporate configuration changes as part of their AGC process, in much the same way as an FR1 UEs incorporate gain state changes. The added complexity of directionality of the signal means that transmit power accuracy cannot be maintained across these configuration changes, as EIRP is reduced across the defined range. It is hence necessary to define an intermediate power point (EIRP) that delineates the power control range into an upper power region where tighter power control is possible and a lower power region where looser power control is necessary. The WF [1] addresses the upper power region.

Proposal 1: An intermediate power point ‘Pint’ shall be defined inside the peak EIRP range of the UE.
Proposal 2: All power control accuracy requirements shall be defined over two EIRP ranges, the first between Pmin and Pint, and the second being the remainder, upper part of the EIRP range.
Absolute power control accuracy is proposed as +/-[12.0]dB as a starting point in [1]. While this is possible, we feel that +/-14.0dB is more reasonable as a requirement.
Proposal 3: The requirements in [1] govern the part of the EIRP range that exceeds Pint. Absolute power control accuracy shall be +/-14.0dB for EIRP that exceeds Pint.
Using proposals above, it is possible to construct the Power Control requirements section. The following subsections should be considered proposal 4.

Absolute power tolerance

 The absolute power tolerance specification is proposed as shown in tables 2.1-1 and 2.1-2. Tolerance for upper EIRP range is per value in [1]:
Table 2.1-1: Absolute power tolerance

	Power Range
	Tolerance

	Pint ≥ P ≥ Pmin
	± 16.0 dB

	Pmax ≥ P > Pint
	± 14.0 dB


Table 2.1-2: Intermediate power point
	Power Parameter
	Value

	Pint
	10.0 dBm


Relative power tolerance

 The relative power tolerance specification is proposed as shown in tables 2.2-1 and 2.2-2. Tolerances for upper EIRP range are per values in [1]:
Table 2.2-1: Relative power tolerance, Pint ≥ P ≥ Pmin
	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH,  PUSCH/PUCCH and SRS transitions between sub-frames, PRACH [dB]

	ΔP < 2
	±5.0

	2 ≤ ΔP < 3
	±6.0

	3 ≤ ΔP < 4
	±7.0

	4 ≤ ΔP < 10
	±8.0

	10 ≤ ΔP < 15
	±10.0

	15 ≤ ΔP
	±11.0


Table 2.2-2: Relative power tolerance, PUMAX ≥ P > Pint
	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH,  PUSCH/PUCCH and SRS transitions between sub-frames, PRACH [dB]

	ΔP < 2
	±3.0

	2 ≤ ΔP < 3
	±4.0

	3 ≤ ΔP < 4
	±5.0

	4 ≤ ΔP < 10
	±6.0

	10 ≤ ΔP < 15
	±8.0

	15 ≤ ΔP
	±9.0


Note that a 15dB step may not be possible depending on Pint and PUMAX values, in table 2.2-2.
Absolute power tolerance

 The absolute power tolerance specification is proposed as shown in tables 2.3-1 and 2.3-2. Tolerances for upper EIRP range are per values in [1]:
Table 2.3-1: Aggregate power tolerance, Pint ≥ P ≥ Pmin
	TPC command
	UL channel
	Aggregate power tolerance within 21ms

	0 dB
	PUCCH
	±5.5 dB

	0 dB
	PUSCH
	±5.5 dB


Table 2.3-2: Aggregate power tolerance, Pmax ≥ P ≥ Pint
	TPC command
	UL channel
	Aggregate power tolerance within 21ms

	0 dB
	PUCCH
	±3.5 dB

	0 dB
	PUSCH
	±3.5 dB


CA cases

 We propose that no new requirements unique to CA operation shall be defined for rel. 15.

3. Conclusion
We propose that power control for FR2 be largely patterned on FR1. For FR2, we additionally propose the following, to accommodate the added complexity of the RF front ends.
Proposal 1: An intermediate power point ‘Pint’ shall be defined inside the peak EIRP range of the UE.

Proposal 2: All power control accuracy requirements shall be defined over two EIRP ranges, the first between Pmin and Pint, and the second being the remainder, upper part of the EIRP range.

Proposal 3: The requirements in [1] govern the part of the EIRP range that exceeds Pint. Absolute power control accuracy shall be +/-14.0dB for EIRP that exceeds Pint.
Proposal 4: We further propose FR2 power control requirements per subsections 2.1-2.3
These proposals are captured in a companion draft CR [2].
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TA offset  


Both open-loop power control and relative power control tolerance requirements are verified under beam-locked condition. 


Relative power control tolerance is verified in peak EIRP direction.


To define open-loop power control requirements


The output power to be set such that the received power at the test system is within a range defined by the target received power and the absolute tolerance. 


Tolerance requirement to be considered as a starting point


[+/- 12 dB] under normal condition


Consider relative power control requirement using the following numbers as a starting point.
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