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1. Introduction
At the last meeting, the WF on inter-band EN-DC configured power was approved [1]. In this WF, it was agreed that the draft CR [2] is a baseline for further proposals. In this contribution, we analysed the current baseline scheme.
2. Discussion
The almost parts of the baseline scheme in [2] would be reasonable, but we found the one issue need to be addressed. In [2], the parameters PCMAX_H and PCMAX_L are defined as upper and lower limits of the measured total maximum output power over both CGs\RATs, i.e. PUMAX. Specifically, the following definition of PUMAX and inequality are described.
	The measured total maximum output power PUMAX over both CGs/RATs, measured over the transmission reference time duration is
PUMAX = 10 log10 [pUMAX,c,E-UTRA + pUMAX,c,NR],
where pUMAX,c,E-UTRA and pUMAX,c,NR denotes the measured output power of serving cell c for E-UTRA and NR respectively, expressed in linear scale. 
The measured total configured maximum output power PUMAX shall be within the following bounds:
	PCMAX_L -TLOW (PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H + THIGH (PCMAX_H)	
with the tolerances TLOW(PCMAX_H) and THIGH(PCMAX_H) for applicable values of PCMAX specified in Table 6.2B.4.1.3-2.


For proper testing, the exact values of PCMAX_L and PCMAX_H  (and also corresponding tolerance) shall be correctly evaluated by BS, and the evaluated values shall be aligned with the values assumed at UE side. For example, if BS assumes PCMAX_L = 20dBm but UE assumes PCMAX_L = 18dBm, the test could fail unnecessarily.
Observation 1. For proper testing of inter-band EN-DC configured power, PCMAX_L and PCMAX_H (and also corresponding tolerance) shall be correctly evaluated at BS, and the evaluated values shall be aligned with the values assumed at UE.
For the evaluated of PCMAX_H and PCMAX_L, the following equations are described:
	PCMAX_H  = MAX { PCMAX_ EN-DC _H (p,q) , PCMAX_ EN-DC _H (p,q+1), … , PCMAX_ EN-DC _H (p,q+n) }
PCMAX_L = MIN { PCMAX_ EN-DC _L (p,q) , PCMAX_ EN-DC _L (p,q+1), … , PCMAX_ EN-DC _L (p,q+n)}


where PCMAX_ EN-DC _H (p,q) and PCMAX_ EN-DC _L (p,q) are applicable upper and lower limits for each oeverlapping scheduling unit pairs (LTE subframe p, NR slot q). The uppoer limit PCMAX_ EN-DC _H (p,q) is defined as a minimum value within sum of higher limits for LTE and NR side, configured allowed maximum power PEMAX_EN-DC and power class for EN-DC oepration as follows:
	PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}


All of the components of PCMAX_ EN-DC _H(p,q) are semi-statically configured to UE via RRC signaling or reporeted to BS via UE capability signaling, thus BS and UE can easily calculate this value without any misalignment. For the evaluation of lower limit PCMAX_ EN-DC _L (p,q), on the other hand, the dynamic values, pCMAX_ E-UTRA,c (p) and pCMAX,f,c,NR (q), are used for the condition “a” and “b”, and the value of PCMAX_ EN-DC _L (p,q) is depending on FALSE/TRUE of those conditions.
	a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > P_EN-DC_Total
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > P_EN-DC_Total 
If a= FALSE
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
ELSE If (a=TRUE) AND (b=FALSE)
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) /X_scale ], PEMAX, EN-DC ,PPowerClass, EN-DC}
ELSE If b= TRUE
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}


This means that the value of PCMAX_ EN-DC _L (p,q) can be dynamically changed slot by slot. In order for BS to evaluate PCMAX_ EN-DC _L (p,q+1) correctly, the values of pCMAX_ E-UTRA,c (p) and pCMAX,f,c,NR (q) shall be dynamically reported from UE to BS. Without this report, there is a risk that the evaluated PCMAX_L are different between UE and BS, and this may cause unnecessary failure or inappropriate success of the test. One example is described below:
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Fig.1. Misalignment of PCMAX_L between UE and BS

Pcmax is reported via PHR, so we reviewed the RAN2 specification for PHR reporting in [3, 4]. There are roughly the following two PHR triggers [3]:
I) Periodical PHR reporting (the periodicity is controlled by phr-PeriodicTimer)
II) In case where the following two conditions are TRUE:
i. PHR prohibiting period has ended (the periodicity is controlled by phr-ProhibitTimer)
ii. Measured pathloss is changed more than configured threshold (phr-Tx-PowerFactorChange) from the last PHR transmission
For I), the minimum value of phr-PeriodicTimer is 10 subframe [4] as shown below. Thus, the most frequent periodical PHR reporting is every 10ms. For II), the minimum value of PHR-ProhibitTimier is 0 subframe but the minimum phr-Tx-PowerFactorChange is 1dB, i.e., dynamic PHR report is NOT feasible unless UE measures 1dB difference of pathloss in every slot. Therefore, it seems that dynamic Pcmax (PHR) reporting is basically not supported in the current RAN2 specification, and the current baseline scheme is not feasible unless this issue is resolved.
PHR-Config ::=                      SEQUENCE {
    phr-PeriodicTimer                   ENUMERATED {sf10, sf20, sf50, sf100, sf200,sf500, sf1000, infinity},
    phr-ProhibitTimer                   ENUMERATED {sf0, sf10, sf20, sf50, sf100,sf200, sf500, sf1000},
    phr-Tx-PowerFactorChange            ENUMERATED {dB1, dB3, dB6, infinity},
    multiplePHR                         BOOLEAN,
    dummy                               BOOLEAN,
    phr-Type2OtherCell                  BOOLEAN,
    phr-ModeOtherCG                     ENUMERATED {real, virtual},
}

Observation 2. For proper PCMAX_L evaluation at BS side, dynamic Pcmax reporting needs to be supported. However, it is not supported in the current RAN2 specification.

To address above issue, the following approaches could be considered:
· Alt.1. UE implicitly reports PCMAX_L without any RAN2 spec change. 
· Alt.2. Not use dynamic Pcmax values for PCMAX_L evaluation 
· Alt.3. Change RAN2 specification to support dynamic Pcmax reporting
[bookmark: _Hlk528974145]Firstly, this meeting is last for Rel.15 except for the late drop, so the change of the RAN2 specification at this moment, i.e. Alt.3, should be avoided. RAN4 should consider either Alt.1 or Alt.2. For Alt.1, RAN4 could introduce Pcmax restriction for testing purpose. More specifically, UE needs to report at least one Pcmax value to BS via PHR reporting during the TREF, and BS assumes that PCMAX_L can be correctly evaluated only by the reported Pcmax value. For Alt.2, another scheme could be introduced for PCMAX_ EN-DC _L(p,q) evaluation. For example, the following could be considered. Note that the sentences in blue are just comments for understanding. In this example, all of the components except for Pcmax of LTE can be semi-statically obtained. 
	pNR_tmp = MAX (  – pCMAX_ E-UTRA,c (p) , 0) % residual power for NR (allowed NR power) in linear scale
If pNR_tmp >= pCMAX L,f,c,,NR c(q) % if allowed NR power is higher than minimum power of NR
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC} %NR cannot be reduced anymore
Elseif pCMAX L,f,c,,NR c(q) > pNR_tmp > pCMAX L,f,c,,NR c(q)/X_scale  % if allowed NR power is higher than scaled minimum power of NR
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pNR_tmp], PEMAX, EN-DC ,PPowerClass, EN-DC} % NR can be reduced but not dropped
Else % if allowed NR power is lower than scaled minimum power of NR
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC} % NR can be dropped



Proposal 1: To make the current baseline scheme in R4-1813844 feasible, RAN4 discuss the following alternatives during RAN4 #89.
· Alt.1. UE implicitly reports PCMAX_L without any RAN2 spec change. 
· Alt.2. Do not use dynamic Pcmax value of NR for PCMAX_ EN-DC _L(p,q) evaluation 
Proposal 2: For Alt.1, UE reports at least one Pcmax value to BS via PHR reporting during the TREF, and BS assumes that PCMAX_L can be correctly evaluated only by the reported Pcmax value.
Proposal 3: For Alt.2, the following can be applied for PCMAX_ EN-DC _L(p,q) evaluation.
	pNR_tmp = MAX (  – pCMAX_ E-UTRA,c (p) , 0)
If pNR_tmp >= pCMAX L,f,c,,NR c(q)
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
Elseif pCMAX L,f,c,,NR c(q) > pNR_tmp > pCMAX L,f,c,,NR c(q)/X_scale
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pNR_tmp], PEMAX, EN-DC ,PPowerClass, EN-DC}
Else
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}



3. Conclusion
In this contribution, we discuss the inter-band EN-DC configured power. Our observations and proposals are summarized below.
Observation 1. For proper testing of inter-band EN-DC configured power, PCMAX_L and PCMAX_H (and also corresponding tolerance) shall be correctly evaluated at BS, and the evaluated values shall be aligned with the values assumed at UE.
Observation 2. For proper PCMAX_L evaluation at BS side, dynamic Pcmax reporting needs to be supported. However, it is not supported in the current RAN2 specification.

Proposal 1: To make the current baseline scheme in R4-1813844 feasible, RAN4 discuss the following alternatives during RAN4 #89.
· Alt.1. UE implicitly reports PCMAX_L without any RAN2 spec change. 
· Alt.2. Do not use dynamic Pcmax value of NR for PCMAX_ EN-DC _L(p,q) evaluation 
[bookmark: _GoBack]Proposal 2: For Alt.1, UE reports at least one Pcmax value to BS via PHR reporting during the TREF, and BS assumes that PCMAX_L can be correctly evaluated only by the reported Pcmax value.
Proposal 3: For Alt.2, the following can be applied for PCMAX_ EN-DC _L(p,q) evaluation.
	pNR_tmp = MAX (  – pCMAX_ E-UTRA,c (p) , 0)
If pNR_tmp >= pCMAX L,f,c,,NR c(q)
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
Elseif pCMAX L,f,c,,NR c(q) > pNR_tmp > pCMAX L,f,c,,NR c(q)/X_scale
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pNR_tmp], PEMAX, EN-DC ,PPowerClass, EN-DC}
Else
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}
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