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1. Introduction
In RAN4#88 meeting, a way forward [1] was approved, and two draft CRs [2,3] were endorsed. In last RAN meeting, the following decisions are made about EN-DC power control:
· As triggered by company CR RP-181892 and RP-181918, inter-band EN-DC power control was discussed in RAN #81 

· WF is endorsed in RP-182034 [4]. RAN4 will further decide the value of threshold X dB assuming [0, 2,4 or 6] dB as a starting point in RAN4 #88bis for inter-band EN-DC. 

· All CRs in CR pack RP-181896 are approved except big CR for 38.101-3 (R4-1811911) which was replaced by company CR RP-182129 by removing  endorsed draft CR in R4-1811484 

· Required RAN4 action item for intra-band EN-DC and inter-band EN-DC was captured in the LS to RAN4 in RP-182167 [5].
This document will discuss the open issues and give our proposal for Pcmax requirement for inter-band EN-DC power control based on the guidance from RAN#81.
2. Discussion 
The guidance for RAN4 to develop Inter-band EN-DC Configured Output Power Requirements in Section 6.2B.4.1.3 of 38.101-3 from RAN is as following [4]:

· Use the RAN4 endorsed CR in R4-1811484 on Inter-band EN-DC configured Output power as a starting point and continue improving requirement in TS38.101-3 in the RAN4 meetings
· to prevent unnecessary NR dropping for dynamic power sharing EN-DC UEs when there is ’real’ power left from LTE UL
· The following conditions should be used when improving the RAN4 Inter-band EN-DC Configured Output Power requirements:
· UE is allowed to drop NR only if the power scaling applied to NR means that the difference between scaled and unscaled NR UL power is more than XdB. In other cases the UE does power scaling of NR UL.
· X dB is RRC configured parameter with 4 fixed values and X is [0, 2, 4 or 6] dB. The UE has to be able to support all these 4 configurable X values.
· This threshold X dB does not limit the UE performance but only defines the UE minimum performance (i.e. UE can perform better than the minimum performance)
· Handling of partial overlap needs to be addressed (including possibility to leave this up to the UE implementation)
· Handling of multiple NR UL carriers needs to be addressed (including possibility to leave this up to the UE implementation)
Based on RAN1 decision for EN-DC power control, RAN guidance and RAN4 assumption, we think UE will calculates E-UTRA configured output power PCMAX_LTE and NR configured output power independently for inter-band EN-DC according to the definition in TS 36.101 and TS38.101-1 plus band combination loss ΔTIB,c for EN-DC. The UE will set configured output power PCMAX_LTE for LTE PCell and keep unchanged. Then UE decided configured output power PCMAX_NR for NR PSCell.

Since PCMAX depends on UE configuration, and only PCMAX_H and PCMAX_L are known from specification point of view, so condition for PCMAX should be based on PCMAX_H and PCMAX_L as following:

If pCMAX_LTE_H + pCMAX_NR_H ≤ pCMAX_EN-DC_H 
Set configured output power for NR PSCell as PCMAX_NR.
pCMAX_EN-DC_L should be equal to pCMAX_LTE_L + pCMAX_NR_L
In this case, the PCMAX_NR need no additional reduction.
Else if (pCMAX_LTE_H + pCMAX_NR_L) ≤ pCMAX_EN-DC_H 
In this case, whether additional reduction is needed for PCMAX_NR depends on PCMAX_LTE. If (pCMAX_LTE + pCMAX_NR) ≤ pCMAX_EN-DC_H, additional power reduction is not needed for PCMAX_NR. Otherwise, additional power reduction is needed. But UE can set reduced configured out power of NR PSCell down to PCMAX_NR_L to assure total configured output power does not exceed PCMAX_EN-DC_H. pCMAX_EN-DC_L can still be defined as pCMAX_LTE_L + pCMAX_NR_L.
Else (i.e. pCMAX_LTE_H + pCMAX_NR_L > pCMAX_EN-DC_H)
The configured out power of NR PSCell may not need additional reduction, or need additional reduction up to XdB, or drop NR transmission. For example,
If PCMAX_LTE = PCMAX_LTE_H, additional power reduction for NR PSCell is always need. If PCMAX_NR = PCMAX_NR_H and PCMAX_NR_H – PCMAX_NR_L > XdB NR PSCell transmission will be dropped. 
So the low limit of total configured output power should be PCMAX_LTE_L.
Proposal: The upper limit of EN-DC total configured output power is PCMAX_EN-DC_H. If (pCMAX_LTE_H + pCMAX_NR_L) ≤ pCMAX_EN-DC_H, the low limit of total configured output power will be defined as pCMAX_LTE_L + pCMAX_NR_L. Otherwise, it is defined as PCMAX_LTE_L.
The proposed FR1 inter-band EN-DC configured output power definition is attached in annex.

3. Conclusion
This contribution discussed FR1 inter-band EN-DC configured output power definition, and gave our proposal:
Proposal: The upper limit of EN-DC total configured output power is PCMAX_EN-DC_H. If (pCMAX_LTE_H + pCMAX_NR_L) ≤ pCMAX_EN-DC_H, the low limit of total configured output power will be defined as pCMAX_LTE_L + pCMAX_NR_L. Otherwise, it is defined as PCMAX_LTE_L.
A text proposal on FR1 inter-band EN-DC configured output power definition is also attached in the annex.

4. Annex
6.2B.4.1.3
Inter-band EN-DC within FR1
For inter-band dual connectivity with one uplink serving cell per CG on E-UTRA and NR respectively, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of CG i, i = 1,2, and its total configured maximum output power PCMAX.
The configured maximum output power PCMAX_E-UTRA,c (p) in sub-frame p for the configured E-UTRA uplink carrier shall be set within the bounds:

PCMAX_L_E-UTRA,c (p) ≤  PCMAX_E-UTRA,c (p) ≤  PCMAX H_E-UTRA,c (p)

where PCMAX_L_ E-UTRA,c and PCMAX H _ E-UTRA,c are the limits for a serving cell c as specified in 36.101 sub-clause 6.2.5 modified by PLTE as follows:

PCMAX_L_E-UTRA,c = MIN {MIN(PEMAX,c , PLTE) – tC_ E-UTRA, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c  + TC_ E-UTRA, c + TProSe, P-MPRc)}


PCMAX H _ E-UTRA,c = MIN {PEMAX,c,  PLTE, PPowerClass – ΔPPowerClass}

The configured maximum output power PCMAX_ NR,c (q) in slot q for the configured NR carrier shall be set within the bounds:

PCMAX_L,f,c,,NR (q) ≤  PCMAX,f,c,NR (q) ≤  PCMAX_H,f,c,NR (q)

where PCMAX_L_ NR,c and PCMAX H _ NR,c are the limits for a serving cell c as specified in sub-clause 6.2.4 of 38.101-1 modified by PNR as follows:

PCMAX_L,f,c,,NR = MIN {MIN(PEMAX,c , PNR ) - TC_NR, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + TC_NR, c + ∆TRxSRS,  P-MPRc) }

PCMAX_H,f,c,NR = MIN {PEMAX,c, PNR , PPowerClass – ΔPPowerClass }

· PLTE and PNR are signaled by RRC defined in [7]

· ΔTc_E-UTRA, c = 1.5dB when NOTE 2 in Table 6.2.2-1 in 36.101 applies for a serving cell c, otherwise TC_ E-UTRA,c = 0dB;

· TC_NR,c = 1.5dB when NOTE 3 in Table 6.2.1-1 in 38.101-1 applies for a serving cell c, otherwise TC_NR,c = 0dB;
· ΔTIB,c specified in sub-clause 6.2.7 for EN-DC, the individual Power Class defined in table 6.2B.1-3 and any other additional power reductions parameters specified in sub-clauses 6.2.3 and 6.2.4 for EN-DC are applicable to PCMAX_ E-UTRA,c and PCMAX_ NR,c evaluations.

If the transmissions from NR and E-UTRA do not overlap, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications apply with the modifications specified above. The lower value between PPowerClass, EN-DC or PEMAX, EN-DC shall not be exceeded at any time by UE.

When an UL subframe transmission p from E-UTRA overlap with a slot q from the NR, the PCMAX_E-UTRA,c (p) is defined as above and will not be changed. The PCMAX,f,c,NR (q) will be scaled for total configured output power PCMAX (p,q)  ≤  PCMAX_EN-DC_H (p,q). if PCMAX,f,c,NR (q) reduction is lager than ScalingLimit (XdB) signaled by RRC defined in [7], the NR output powr will be droped. The PCMAX (p,q) is evaluated on overlap period in sub-frame p and the following rules are applicable.
The total UE configured maximum output power PCMAX (p,q) in a subframe p of CG 1 and a scheduling unit (slot) q of CG 2 that overlap in time shall be evaluated meet following range:
PCMAX_EN-DC_L (p,q)  ≤  PCMAX (p,q)  ≤  PCMAX_EN-DC_H (p,q)

With

PCMAX_EN-DC_H(p,q) = MIN {10 log10 [pCMAX H_E-UTRA,c (p) + pCMAX_H,f,c,NR(q)], PEMAX, EN-DC, PPowerClass, EN-DC}

And:
if 10 log10 [pCMAX H_E-UTRA,c (p) + pCMAX_L,f,c,NR(q)] ≤ PCMAX_ EN-DC _H (p,q) then
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

PCMAX_EN-DC_L(p,q) = MIN {PCMAX L _ E-UTRA,c (p), PEMAX, EN-DC, PPowerClass, EN-DC}

where 

· pCMAX H_E-UTRA,c (p) is the E-UTRA higher limit of the maximum configured power expressed in linear scale; 

· pCMAX H_NR,c (q) is the NR higher limit of the maximum configured power expressed in linear scale; 

· pCMAX L_E-UTRA,c (p) is the E-UTRA lower limit of the maximum configured power expressed in linear scale; 

· pCMAX L _ NR,c(q) is the NR lower limit of the maximum configured power expressed in linear scale;

· PPowerClass, EN-DC is defined in sub-clause 6.2B.1.3-1 for inter-band EN-DC;

· PEMAX, EN-DC is PMAX, EN-DC value signaled by RRC and defined in [7];
The measured total maximum output power PUMAX over both CGs/RATs, measured over the transmission 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.4.1.3-1.

Table 6.2B.4.1.3-1: PCMAX tolerance for EN-DC
	PCMAX(dBm)
	Tolerance
TLOW (PCMAX_L) (dB)
	Tolerance
THIGH (PCMAX_H) (dB)

	23 ≤ PCMAX ≤ 33
	[3.0]
	[2.0]

	22 ≤ PCMAX < 23
	[5.0]
	[2.0]

	21 ≤ PCMAX< 22
	[5.0]
	[3.0]

	20 ≤ PCMAX < 21
	[6.0]
	[4.0]

	16 ≤ PCMAX < 20
	[5.0]

	11 ≤ PCMAX < 16
	[6.0]

	-40 ≤ PCMAX < 11
	[7.0]
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