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1 Introduction
FR2 UE power control was discussed in last RAN4 meeting [1-4] where a general consensus on the principle of open-loop power control requirement and verification approach has been reached. In the way forward on FR2 power control [5], it was agreed that the open-loop power control requirement shall be defined and verified which would be characterized in an absolute power sense. On the other hand, the relative power control requirement which is associated with close-loop power control may also need to be defined. In this contribution, we share our views on how to define the open-loop power control requirements and test method and also initiate a few proposals on relative power control requirements.                                  
2 Discussion
2.1 Open-loop power control requirement and test method

Open-loop power control in LTE is used for PRACH at initial access (Random Access) and for PUSCH and PUCCH as part of the UL power control. It is assumed the similar power control mechanism would also be adopted in NR for both FR1 and FR2 UE. The terminal transmit power in open-loop power control depends on the estimation of the DL path loss (PL) and channel configuration. The DL PL (in dB) is calculated in the UE by, 

PL = referenceSignalPower – higher layer filtered RSRP

where referenceSignalPower is the eNB DL reference signal power provided by higher layers in SIB2.

For sub-6GHz UEs, the power control equation has been based on conductive power with the assumption that the antenna gain is identical between UL and DL. However, this assumption would no longer be valid for FR2 UEs without UL and DL beam correspondence. That is, when UE measures the DL RSRP, the path loss should include the DL beamforming gain which could be different from UL beamforming gain. If UE would not be able to predict the difference between UL and DL beamforming gain at any arbitrary beam directions, it may fail to transmit the desired power level in open-loop power control. Therefore, FR2 open-loop power control requirement can only be defined and validated with the prerequisite of beam correspondence.

Proposal 1: FR2 open-loop power control requirement can only be defined and validated with the prerequisite of UE beam correspondence.    

On the other hand, different from sub-6GHz UE conductive power measurement where the terminal transmit power can be directly quantified, the FR2 transmit power can only be measured by OTA at tester antenna which is a distance away from the UE antenna. Since in real operation, EIRP is what to be observed by base station, the open-loop power control requirement shall be defined as a target EIRP level at tester antenna based on a reference signal power level (referenceSignalPower) set by the tester. 

Proposal 2: Open-loop power control requirement is defined as a target EIRP level at tester antenna based on a reference signal power level (referenceSignalPower) set by the tester.
It should be noticed that the open-loop power control requirement not only relies on UE beam correspondence, the tester antenna gain also needs to be correlated between Tx and Rx. To simplify the tester Tx and Rx gain correlation, it is proposed to define the reference plane of target EIRP and referenceSignalPower at the tester antenna, as shown in Figure 2.1-1.
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Figure 2.1-1 Reference plane of open-loop power control requirement
Proposal 3: The reference plane of target EIRP and referenceSignalPower is defined at the tester antenna.         

To derive the target EIRP level, the following factors are considered,

· Minimum SNR requirement for tester Rx
· UE EIRP CDF characteristic

· Propagation loss

The minimum SNR requirement sets the lower bound of the requirement, while the UE EIRP CDF characteristic and propagation loss would determine the upper bound of the target EIRP. Table 2.1-1 summarizes a set of parameters which can be used to estimate the maximum target EIRP. Notice that to consider the UE power headroom in full spherical coverage, the EIRP at 0% CDF point is used.
	 
	28 GHz
	39 GHz

	Peak EIRP (dBm)
	22
	20

	EIRP at 0% CDF (dBm)
	4
	2

	PL (~1 meter) (dB)
	62
	65

	Max. Target EIRP (dBm)
	-58
	-63


Table 2.1-1 Estimation of maximum target EIRP
In addition to target EIRP level, the tolerance shall also be defined. For LTE, the absolute power tolerance is specified in the following table which is recaptured from Table 6.3.5.1.1-1 in TS 36.101 [6]. This tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in subclause 9.1 of TS 36.133).

	Conditions
	Tolerance

	Normal
	± 9.0 dB

	Extreme
	± 12.0 dB


Table 2.1-2 E-UTRA absolute power tolerance
For FR2 absolute power requirement, in addition to RSRP absolute accuracy, UE beam correspondence tolerance shall also be taken into consideration which could be up to 3 dB in practical transceiver design. Using E-UTRA absolute power tolerance under normal conditions as baseline, we propose to define FR2 absolute power tolerance as ± 12.0 dB under normal conditions.

Proposal 4: FR2 absolute power tolerance is defined as ± 12.0 dB under normal conditions.
In order to accommodate the negative tolerance of the absolute power requirement, the minimum target EIRP level shall then be the tester REFSENS + 12 dB.

Based on the above assessment, we propose to define a single EIRP target level between tester REFSENS + 12 dB and -63 dBm.

Proposal 5: Define a single EIRP target level between tester REFSENS + 12 dB and -63 dBm for open-loop power control requirement. The final value is FFS.          

For referenceSignalPower, the power level after propagation loss shall be higher than UE REFSENS with at least 10dB margin. Based on our earlier analysis [7], the UE REFSENS for 39GHz carrier at 400 MHz is close to -79 dBm (peak EIS). Considering the propagation loss and full spherical coverage, we propose that the referenceSignalPower shall be higher than 14 dBm.

Proposal 6: Define a single referenceSignalPower higher than 14 dBm for open-loop power control requirement. The final value is FFS.
2.2 Relative power control requirement

In LTE, the relative power tolerance is defined as the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is ≤ 20 ms. The minimum requirements for normal conditions are specified in the following table which is recaptured from Table 6.3.5.2.1-1 in in TS 36.101 [6] without the notes.
	Power step P (Up or down) 

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

	ΔP < 2
	±2.5 (NOTE 3)
	±3.0
	±2.5

	2 ≤ ΔP < 3
	±3.0
	±4.0
	±3.0

	3 ≤ ΔP < 4
	±3.5
	±5.0
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0
	±6.0
	±4.0

	10 ≤ ΔP < 15
	±5.0
	±8.0
	±5.0

	15 ≤ ΔP
	±6.0
	±9.0
	±6.0


Table 2.2-1 E-UTRA relative power tolerance for transmission (normal conditions)
For FR2 relative power control, we propose use E-UTRA relative power tolerance as baseline and define only one tolerance requirement for all combinations of PUSCH and PUCCH transitions, PUSCH/PUCCH and SRS transitions between sub-frames, and PRACH, as summarized in Table 2.2-2.

	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


Table 2.2-2 Proposed FR2 relative power tolerance for transmission (normal conditions)
For FR2 aggregate power control tolerance, we also propose to use E-UTRA requirement as baseline and define only one tolerance number for both PUSCH and PUCCH channels, as shown in Table 2.2-3.

	TPC command
	UL channel
	Aggregate power tolerance within [21] ms

	0 dB
	PUCCH/PUSCH
	±3.5 dB


Table 2.2-3 Proposed FR2 aggregate power control tolerance
Proposal 7: FR2 relative power control tolerance and aggregate power control tolerance are defined as in Table 2.2-2 and 2.2-3 respectively.
In principle, FR2 UE relative power control requirement shall be met in all spherical orientations against the tester antenna position. However, it is generally expected that the relative power control in each beam direction would only involve in conductive power change, but not beamforming pattern alteration. Therefore, the relative power control test can be conducted by EIRP measurement in one fixed beam direction which is proposed as the peak EIRP direction.

Proposal 8: FR2 relative power control requirements are verified by EIRP measurement at peak EIRP direction.                  

3 Conclusion
In this contribution, we share our views on how to define FR2 UE open-loop power control requirements and test method and also initiate a few proposals on relative power control requirements.   
Proposal 1: FR2 open-loop power control requirement can only be defined and validated with the prerequisite of UE beam correspondence.
Proposal 2: Open-loop power control requirement is defined as a target EIRP level at tester antenna based on a reference signal power level (referenceSignalPower) set by the tester.

Proposal 3: The reference plane of target EIRP and referenceSignalPower is defined at the tester antenna. 
Proposal 4: FR2 absolute power tolerance is defined as ± 12.0 dB under normal conditions. 

Proposal 5: Define a single EIRP target level between tester REFSENS + 12 dB and -63 dBm for open-loop power control requirement. The final value is FFS.

Proposal 6: Define a single referenceSignalPower higher than 14 dBm for open-loop power control requirement. The final value is FFS.

Proposal 7: FR2 relative power control tolerance and aggregate power control tolerance are defined as in Table 2.2-2 and 2.2-3 respectively.

Proposal 8: FR2 relative power control requirements are verified by EIRP measurement at peak EIRP direction.
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