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1.	Introduction
RAN4 has received an LS from RAN5 about their test solution for testing CA FR2 RF UL-CA and the issue of UE scaling channels on SCell(s). Ran5 has defined a test solution described by the attached CRs in [1] and is asking two questions from RAN4: 1) if the test mode needs to be defined in ran4 specifications and 2) how absolute and relative power tolerance accuracy needs to be accounted for. 
In this paper we discuss aspects related to the questions.       
2. 	Discussion
2.1	RAN4 specification impact
2.1.1	UPLF description
The test function UE Power Limit Function (UPLF) is described in the CR [R5-221921] attached to the LS [1]:
“The UE Power Limit Function is intended for the SS to communicate to the UE to apply a backoff of transmitted power on the NR primary component carrier when in FR2 carrier aggregation mode.  On activation of this test function, the UE shall apply a configured power backoff on the primary component carrier to provide sufficient power head room for the other (secondary) component carrier(s).“
And further in the CR there is a table and formula to define the amount of back off: 
Xmax,i,PCell  = 10 log10(i) for i=1…n component carriers.
In short for the purpose of the further discussion we can state that for two component carriers back off is 3.01 dB. For the rest of this paper, we only consider the case of two component carriers.  
What is unclear is the reference point for the back-off, first sentence says transmitted power and later power headroom is referred and the name of the function is power limit. Also configured power is mentioned but not the maximum configured power also known as PCmax. This UPLF back-off can then be referred to UE maximum power (PUMax ) or relative to the SCell power (PUMax,Scell) or perhaps even maximum output power requirement min Peak EIRP or maxTRP. 
Observation 1: RAN5 documentation does not define what is the reference of the back-off.
2.1.2	Understanding UPLF with RAN4 terminology
Taking some liberty to interpret ran5 intention, it can be assumed that with the activation of the UPLF the PCell power is 3 dB below UEs own internal maximum power limit when Scell power is limited only by the maximum power capability of the UE (PUMax, UE). With this definition, when UE is power limited, the PCell and SCell power can be almost the same since PCell is limited in such way that half of the power is left for SCell and UPLF does not interfere the operation below the maximum power.  
Observation 2: Ran4 understandable description of the test function is:
UPLF defines a back off for PCell from UE internal configured maximum power limit PCMax,UE for transmissions when at PCell and at least one SCell has allocation on same symbol and when SCell(s) maximum power is only limited by PCMax,UE.   
It should be noted that upon configuration of SCell, UE can take at least 5.5 dB MPR, other values depending on the bandwidth and power class. The UPLF back-off is not referred to maximum UE power but indeed the configured maximum power which is not expressed in RAN4 requirements. 
Further analysing the intended UE behaviour, what infect is the conclusion is that: 
Observation 3: UPLF test function defines relative power difference between PCell and SCell(s) when UE is maximum power limited.
This kind of function was proposed in [2] but for FR1.  The exact formulas can not be applied as such to FR2 since definition of PCMax_H is missing. 
2.1.3	RAN4 impact
In terms of the RAN5 first question in LS [1]: 
a) Whether RAN4 sees a need to define within TS 38.101-2, the aforementioned power backoff parameter which will be used by conformance-only test function?
RAN4 can define this function but as concluded in section 2.1.2 it does not fit in to current PCmax definition so new functionality would need to be defined. The description should refer to relative maximum power limit as in the observation 2. 
Observation 4: Functionality similar to UPLF is feasible to be added to RAN4 specification by defining a relative power difference between PCell and SCells. 
However, if UPLF is meant for test purposes only it may not be needed in RAN4 specifications and the purpose of adding test function to core requirement specifications is not attractive approach since then it may be questioned if the test function itself is a core requirement or test aid. If some company feels that it is important to acknowledge the UPFL in the RAN4 specifications, then RAN4 can add an informative note that some core requirements maybe tested with the test function but even that is not preferred. 
Proposal 1: No mention of UPLF is made in the core requirements. 
2.2	Relative and absolute power tolerance impact
2.2.1	Procedure for UPLF use
The procedure for testing with UPLF is described in the [R5-221922]. The procedure is 
1) UE is first configured for SCell
2) ULFP is signaled
3) SCell is activated
4) PCell and SCell are scheduled (grant given)
5) Up TPC commands are given to both PCell and SCell 
6) Output power is measured
Beam lock is also assigned and peak beam direction set and proper dwell times allowed. 
2.2.2	UE behaviour and involved power tolerances 
After step 4, UE would transmit for the first time. Without power control commands, the absolute power control accuracy applies. The UE intends to compensate path loss with the parameters given to it. If we assume the calculated output power is 12 dBm the accuracy of the transmitted power is +/- 12 dB per CC. Powers of the two CCs therefore can be CC1: 12+12=24 dBm; CC2: 12-12=0 dBm. Lets also assume maximum power for this UE is 25 dBm and in CA, it would be 19.5 dBm. 
Observation 5: Absolute power tolerance has no impact in UPLF functionality. 
In step 5, the relative power tolerance is relevant, there the accuracy for ΔP=1 dB is +/- 1 dB so gradually the power per CC will near the 16.5 dBm while UE keeps the PCell 3 dB below PCMax,UE = 19.5 dBm – 3 dB = 16.5 dBm and lets SCell near the 19.5 dBm (= PCMax,UE  ) if there is power remaining.
Since the accuracy between two subframes is +/- 1, the PCell power is between 15.5 to 17.5 dBm. In case, the PCell power is above 16.5 dBm because of power control tolerance error, then SCell power will be scaled. 
Observation 6: To guarantee the transmission of the SCell in all cases, the back-off from PCMax,UE should be Xmax,i,PCell  + relative power control accuracy for the given TPC power step (section 6.3.4.3)
It might be that UE’s are better than minimum requirements so this scaling because of power control inaccuracy might not be observed often. 
In terms of the LS question b)
b) Whether RAN4 can share guidance on any impact on absolute and relative power tolerance accuracy that needs to be factored because of usage of such a conformance-only test function to apply power limits/back-off?
Proposal 2: RAN4 should respond to question b) that
The back-off should be increased by the relative power control tolerance accuracy for the used power control step of the assigned up TPC commands.  
Conclusion
We discussed the problem of sudden unexpected SCell dropping from UE point of view and made the following observations from the provided input:
Observation 1: RAN5 documentation does not define what is the reference of the back-off.
Observation 2: Ran4 understandable description of the test function is:
UPLF defines a back off for PCell from UE internal configured maximum power limit PCMax,UE for transmissions when at PCell and at least one SCell has allocation on same symbol and when SCell(s) maximum power is only limited by PCMax,UE.   
Observation 3: UPLF test function defines relative power difference between PCell and SCell(s) when UE is maximum power limited.
Observation 4: Functionality similar to UPLF is feasible to be added to RAN4 specification by defining a relative power difference between PCell and SCells. 
Observation 5: Absolute power tolerance has no impact in UPLF functionality. 
Observation 6: To guarantee the transmission of the SCell in all cases, the back-off from PCMax,UE should be Xmax,i,PCell  + relative power control accuracy for the given TPC power step (section 6.3.4.3)
And made the following proposals:
Proposal 1: No mention of UPLF is made in the core requirements. 
Proposal 2: RAN4 should respond to question b) that
The back-off should be increased by the relative power control tolerance accuracy for the used power control step of the assigned up TPC commands.  
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