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1. Introduction
In last RAN plenary #81, a WF [1] has been approved. This WF is about using the RAN4 endorsed CR in [2]  on inter-band EN-DC Pcmax as a starting point and continue improving requirement in TS38.101-3. 
This document provides some views on improving Pcmax requirement for inter-band EN-DC within FR1.
2. Discussion
All of the following discussions are based on the endorsed CR in [1] for inter-band EN-DC Pcmax.
2.1. Alignment of the symbols

There are many symbols used in Pcmax equations for inter-band EN-DC within FR1. There are some misalignments between symbols and some subscripts are missing in symbols. The following observations are summarized:
Observation 1: There are two different symbols used to representing the same meaning, like ‘PCMAX_NR,c (q)’ and ‘PCMAX,f,c,NR (q)’, which would cause ambiguity. They should be aligned.
Observation 2: Subscript ‘c’ is missing in symbols like ‘PCMAX (p,q)’, ‘PCMAX_ EN-DC _L (p,q)’, ’ PCMAX_ EN-DC _H (p,q)’.
Proposal 1: Two different symbols used to representing the same meaning, like ‘PCMAX_NR,c (q)’ and ‘PCMAX,f,c,NR (q)’ should be aligned and subscript ‘c’ should be added to symbols like ‘PCMAX (p,q)’, ‘PCMAX_ EN-DC _L (p,q)’, ’ PCMAX_ EN-DC _H (p,q)’.
Also considering the alignment between E-UTRA and NR, it is recommended to use ‘PCMAX_NR,c (q)’ instead of ‘PCMAX,f,c,NR (q)’. Although ‘PCMAX,f,c,NR (q)’ is somehow more aligned with SA mode. This revision could be reference in the Annex.
2.2. Addition of NR power scaling scheme
It has been discussed in RAN#81 that NR power scaling has more benefits over NR dropping. It has been agreed in [2] only when the difference between unscaled NR UL power and scaled NR UL power exceeds the threshold X dB which is signalled by RRC, complete NR dropping applies; otherwise, the scaled NR power can be used for NR UL transmission. 
However, this is only a framework, and RAN4 still need to discuss the detailed number and the requirement itself. The following proposals were provided.
Proposal 2: A new symbol ∆PNR_threshold is proposed to be the threshold of the difference between the NR UL power needed for successful transmission and the available transmission NR UL power which [TBD] value is signaled by RRC and defined in [7] with 4 fixed values [0, 2, 4 or 6] dB.
Proposal 3: The following way is proposed to improve the Pcmax requirement considering NR power scaling:
If 10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)] - MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}>∆PNR_threshold
Then 

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}

                        Else

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}

A pseudo CR based on [2] is provided in the Annex to reflect the proposed changes.
3. Conclusion
This contribution discusses the improvement for Pcmax for inter-band EN-DC within FR1. The following observations and proposals are made:
Observation 1: There are two different symbols used to representing the same meaning, like ‘PCMAX_NR,c (q)’ and ‘PCMAX,f,c,NR (q)’, which would cause ambiguity. They should be aligned.

Observation 2: Subscript ‘c’ is missing in symbols like ‘PCMAX (p,q)’, ‘PCMAX_ EN-DC _L (p,q)’, ’ PCMAX_ EN-DC _H (p,q)’.
Proposal 1: Two different symbols used to representing the same meaning, like ‘PCMAX_NR,c (q)’ and ‘PCMAX,f,c,NR (q)’ should be aligned and subscript ‘c’ should be added to symbols like ‘PCMAX (p,q)’, ‘PCMAX_ EN-DC _L (p,q)’, ’ PCMAX_ EN-DC _H (p,q)’.
Proposal 2: A new symbol ∆PNR_threshold is proposed to be the threshold of the difference between the NR UL power needed for successful transmission and the available transmission NR UL power which [TBD] value is signaled by RRC and defined in [7] with 4 fixed values [0, 2, 4 or 6] dB.
Proposal 3: The following way is proposed to improve the Pcmax requirement considering NR power scaling:

If 10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)] - MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}>∆PNR_threshold
Then 

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}

                        Else

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}
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Annex: Proposed changes based on endorsed CR
<Start of change >

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_ NR,c(q) ≤  PCMAX_ NR,c (q) ≤  PCMAX_H_ NR,c(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_ NR,c = MIN {MIN(PEMAX,c , PNR ) - TC_NR, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + TC_NR, c + ∆TRxSRS,  P-MPRc) }

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

· PLTE and PNR are the linear values for the PLTE and PNR respectively 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.

If the EN-DC UE is not supporting dynamic power sharing, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications 36.101 and 38.101-1 respectively 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 a UE supporting dynamic sharing is configured for overlapping E-UTRA uplink and NR uplink transmissions, the UE can set its configured maximum output power PCMAX_ E-UTRA,c and PCMAX_ NR,c for the configured E-UTRA and NR uplink carriers, respectively, as specified above and its total configured maximum output power PCMAX.

When an UL subframe transmission p from E-UTRA overlap with a slot q from the NR, then for PCMAX ,c (p,q) evaluation, the E-UTRA subframe p is taken as reference period TREF and always considered as the reference measurement duration and the following rules are applicable.
The total UE configured maximum output power PCMAX ,c (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 for each Teval over the TREF and respect the following upper and lower limits for synchronous and asynchronous operation unless stated otherwise:

PCMAX_ EN-DC _L,c (p,q)  ≤  PCMAX ,c (p,q)  ≤  PCMAX_ EN-DC _H ,c (p,q)

With

PCMAX_ EN-DC _H,c (p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}

And:

If 10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)] - MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}>∆PNR_threshold
Then 

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}

                        Else

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}

· where 
· ∆PNR_threshold is the threshold of the difference between the NR UL power needed for successful transmission and the available transmission NR UL power which [TBD] value is signaled by RRC and defined in [7] with 4 fixed values [0, 2, 4 or 6] dB.
· 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];
TREF and Teval are specified in Table 6.2B.4.1.3-1 when same or different subframes and slots durations are used in aggregated carriers. 

PPowerClass ,EN-DC shall not be exceeded by the UE during any evaluation period of time. 
Table 6.2B.4.1.3-1: PCMAX evaluation window 

	transmission duration
	TREF
	Teval

	Different transmission duration in different RAT carriers
	LTE Subframe 
	Min(Tno_hopping, Physical Channel Length)


For each TREF, the PCMAX_H is evaluated each Teval and given by the maximum value over the transmission(s) within the Teval as follows:

PCMAX_H  = MAX { PCMAX_ EN-DC _H ,c (p,q) , PCMAX_ EN-DC _H,c (p,q+1), … , PCMAX_ EN-DC _H ,c (p,q+n) }

where PCMAX_ EN-DC _H are the applicable upper limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL slot overlapping with LTE subframe p.

While PCMAX_L is computed as follows:

           PCMAX_L = MIN { PCMAX_ EN-DC _L,c (p,q) , PCMAX_ EN-DC _L,c (p,q+1), … , PCMAX_ EN-DC _L ,c (p,q+n)}
where PCMAX_ EN-DC _L are the applicable lower limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL slot overlapping with LTE subframe p,
Or

PCMAX_L = PCMAX_ EN-DC _L,c (p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}

for any overlapping slots q, based on the PCMAX_ EN-DC _L selection procedure described above.

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.

Table 6.2B.4.1.3-2: PCMAX tolerance for Dual Connectivity LTE-NR

	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]


<End of change >
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