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1 Background

The first part of this paper is a resubmission of the contents of [1] followed by two new sections with proposed specification text for absolute power control and beam correspondence for possible inclusion in 38.101-2.
The UE absolute power accuracy is important for

a. open-loop power control for initial PUSCH transmission and after transmission gaps of durations of the order of 0.01 s

b. open-loop power control for PUCCH transmissions

c. determining the PRACH preamble power level for initial transmissions.

The open-loop UL power is set using a DL path estimate according to the power-control equations, which are agnostic to frequency. For FR2 the beam-corresponding capability will therefore affect the absolute accuracy. 
The way forward [2] invites RAN4 to study how the open-loop power control can be applied for FR2 UEs without beam correspondence capability. In this contribution we discuss the verification of the absolute power accuracy in conjunction with the beam-correspondence capability.

2 Verification of absolute power accuracy and beam correspondence
For PUSCH transmissions the UE shall determine the transmission power as, from 38.213
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where P0_PUSCH is the target received power, M is the PRB allocations,  the path-loss compensation factor, PL the estimated path loss (actually a coupling loss), f the relative power change and the remaining factors related to e.g. the transport format. 

For PRACH the UE determines a transmission power for a physical random access channel as 
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where where PRACHtarget is the target received power at the Bs and PL the estimated path loss.
The absolute power accuracy can be tested in OTA with beam locked (measurement in the main beam). The test equipment (SS) needs configure a target received power e.g. the P0_PUSCH given a certain DL RS power level, the referenceSignalPower. Now, the transmit power determined from the power control equations above apply in the same plane of reference as the PL estimation and RSRP measurement (the antenna port used for verification of the output power with conducted measurements). 
For the absolute power accuracy and open-loop control, it may be relevant to characterise the beam-correspondence capability in terms of the difference between the estimated DL and UL path losses. The DL PL is estimated using the higher-layer filtered RSRP and the  referenceSignalPower as part of the open-loop power control, while the UL PL may only be estimated at the maximum power setting using the PCMAX,f,c reported in the PHR. This assumes that the PCMAX,f,c is defined in the same plane of reference as the RSRP as proposed in [3] consistent with the power-control equations. 
In [4] it is proposed that the requirement on UE beam correspondence can be defined in conjunction with the requirement on open loop power control. 

One possibility is to use the maximum output power (EIRP) of the DUT and the corresponding reported PCMAX,f,c as reference for verification of the absolute power accuracy and the beam-correspondence capability.
Starting with the beam-forming capability, the first steps would be to set the target received power P0_PUSCH  that corresponds to the maximum power setting of the DUT:

1. measure the received signal PRXmax at the SS with the UE at maximum output power following UP commands
2. set the target received power P0_PUSCH  to PRXmax 
3. record the reported PCMAX,f,c to be used as an estimate of the actual UE output power at the maximum power setting

Then

4. the UL path loss is estimated by PL = PCMAX,f,c – PRXmax
5. the DL path loss is estimated by PL = referenceSignalPower– RSRP 

This would allow an estimate of the beam correspondence capability at the maximum output power setting assuming that the reported RSRP is that used for DL PL estimation by the DUT. It is recognised that the estimates also includes other inaccuracies such as RSRP inaccuracy and the difference and the difference between the reported PCMAX,f,c and the actual UE output power in the appropriate plane of reference.
The absolute power accuracy can then be verified at target level below the PRXmax
6. set the target received power P0_PUSCH  with a power offset to the received PRXmax i.e. P0_PUSCH  = PRXmax  – POFFSET  with the POFFSET  considerably larger than the relative PC commands
7. using P0_PUSCH  = PRXmax  – POFFSET  the UE should be able to decrease its output power (from the maximum power) by POFFSET  within the accuracy after a specified transmission gap
8. the accuracy measured as actual power decrease – POFFSET  (the test system inaccuracy in e.g. measuring the target power is included in TT)

For UEs without beam-correspondence capability, e.g. using different sub-arrays for TX and RX, the measured accuracy will contain an additinal offset. An indication of the latter may be obtained by the path loss difference measured in steps 4 and 5. This may also be used to verify the performance of UE with beam-correspondence capability.
For open-loop performance, one may have to accept a larger absolute power tolerance for UEs without beam correspondence capability. However, the power tolerance can perhaps be reduced near the maximum power at which the power accuracy is better.
3 Absolute requirements depending on output power level

The absolute requirements should depend on the absolute output power in order to avoid excessive tolerance values applicable across the entire power range. The tolerance is measured w r t the target received power P0_PUSCH  and should depend on the actual UE output power measured. The requirements should be verified with the beam locked and in the peak direction of the said beam. 
The specification of the absolute requirement might look like follows in the 38.101-2. The 10 dB granularity of the output power range is just provided for illustration. The tolerance should be smallest in the highest 10 dB sub-range.
6.3.4
Power control

6.3.4.1
General

The requirements on power control accuracy apply under normal conditions.

6.3.4.2
Absolute power tolerance

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 larger than TBD. The tolerance includes the channel estimation error [RSRP estimate]. 
The minimum requirement specified in Table 6.3.4.2-1 apply in the power range bounded by the minimum output power as specified in sub-clause 6.3.1 and the maximum output power as specified in sub-clause 6.2.1. The tolerance is verified by measuring the difference between the target received power P0_PUSCH for PUSCH transmissions as defined in [38.213] and the actual received power in the same plane of reference subject to the output power level.
Table 6.3.4.2-1: Absolute power tolerance

	Output power range
(dBm)
	Tolerance
(dB)

	Ppowerclass – [10] dB < P ≤ Ppowerclass
	

	Ppowerclass – [20] dB < P ≤ Ppowerclass – [10] dB
	

	P ≤ Ppowerclass – [20] dB
	


4 Beam correspondence
Beam correspondence could be characterised by measuring the difference between the UL and DL pathloss as described in Section 2. The following table could be added.

Beam correspondence is verified at the UE maximum output power by measuring the difference between the UL path loss as given by PL = PCMAX,f,c – PRXmax and DL path loss as given by PL = referenceSignalPower– RSRP with the PCMAX,f,c and the RSRP reported values. The difference shall be within the tolerance specified in Table 6.3.4.2-2.
Table 6.3.4.2-2: Tolerance (beam correspondence)
	Condition
	Tolerance

(dB)

	Maximum output power
	


The merit of such a requirement should be discussed further (the beam correspondence tolerance is implicitly a part of the absolute tolerance discussed in section 3.
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