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1 Introduction
Pcmax requirement for inter-band EN-DC has been extensively discussed in past few RAN4 meetings. Though there was yet consensus reached on its definition, the way forward on “Pcmax Inter-Band EN-DC requirement” [1] approved in last RAN4 meeting had proposed to base on the framework introduced in the draft CR [2] for further discussions in this meeting. In this contribution, we would like to share our views and concerns on the Pcmax definition introduced in [2] and provide an alternative definition for consideration.                                                   
2 Discussion
The Pcmax definition for inter-band EN-DC introduced in [2] starts with the E-UTRA Pcmax requirement based on Pcmax_L and Pcmax_H defined in 36.101 sub-clause 6.2.5 and modified by PLTE as shown below.

PCMAX_L_ E-UTRA,c = MIN {PEMAX, EN-DC , 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, PEMAX, EN-DC , PLTE, PPowerClass – ΔPPowerClass}
Similarly, the NR Pcmax requirement is based on Pcmax_L and Pcmax_H defined in 38.101-1 sub-clause 6.2.4 and modified by PNR as shown below.

PCMAX_L,f,c,,NR = MIN {PEMAX, EN-DC , 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, PEMAX, EN-DC , PNR , PPowerClass – ΔPPowerClass}       
Our first concern is PLTE and PNR have not been clearly defined. Though it was mentioned in the paper that the two parameters are signalled by RRC as defined in TS 38.331 [3], they could not actually be found in [3].

Observation 1: PLTE and PNR are not clearly defined.      

If the intention is to bring in the real configured output power for power sharing consideration, then the above equations would no longer be the definition for Pcmax as they would not represent the maximum configured output power which UE should deliver with continuous TPC “UP” commands. 

Observation 2: Real configured output power shall not be included in the Pcmax equations.
If the transmissions from NR and E-UTRA do not overlap, we think the E-UTRA and NR Pcmax equations for their respective single RAT operation as defined in TS 36.101 sub-clause 6.2.5 and TS 38.101-2 sub-clause 6.2.4 shall be reused for their EN-DC counter parts. 

If NR and E-UTRA transmissions overlap and the UE does not support dynamic power sharing, the E-UTRA and NR Pcmax equations for their respective single RAT operation as defined in TS 36.101 sub-clause 6.2.5 and TS 38.101-2 sub-clause 6.2.4 shall be reused for their EN-DC counter parts except that the PPowerClass should be reduced by 3 dB.

For UE supporting dynamic power sharing configured for overlapping E-UTRA and NR UL transmissions, E-UTRA Pcmax equations shall be preserved from its single RAT operation as defined in TS 36.101 sub-clause 6.2.5. On the other hand, the NR Pcmax only needs to be confined to equal or below its respective upper bound Pcmax_H as defined in TS 38.101-2 sub-clause 6.2.4. The reason for NR Pcmax not having lower bound is that in any UL transmissions, the total power of E-UTRA and NR shall not exceed the upper limit of EN-DC total power which is defined as,

P_EN-DC_Total = MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}                       

Where P_EN-DC_Total is the dB value of [image: image2.png]pEN-DC



 as used in TS 38.213 [4].  
Assuming both Pcmax_H for E-UTRA and P_EN-DC_Total are 23 dBm, if a UE does not need any power back-off for E-UTRA, then there would not be any power left for NR. If a UE is configured with power back-off for E-UTRA, then NR Pcmax can be anywhere below Pcmax_H, as shown in Figure 2-1.         
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Figure 2-1 Pcmax_H, NR versus E-UTRA power back-off
So for UE with dynamic power sharing, the EN-DC Pcmax requirement can be defined by the following equations altogether.

PCMAX_L_ E-UTRA,c (p) ≤ PCMAX_ E-UTRA,c (p) ≤ PCMAX H _ E-UTRA,c (p)

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

10 log10 [pCMAX_ E-UTRA,c (p) + pCMAX,f,c,NR (q) ] ≤ P_EN-DC_Total
where pCMAX_ E-UTRA,c and pCMAX,f,c,NR are the linear power of PCMAX_ E-UTRA,c and PCMAX,f,c,NR, respectively. 

On the other hand, we think there is no need to specify the power scaling factor X for NR as it is inherently defined in the above three equations.

In summary, the Pcmax requirement for inter-band EN-DC can be defined based on the following proposals.

Proposal 1: If the transmissions from NR and E-UTRA do not overlap, the E-UTRA and NR Pcmax equations for their respective single RAT operation as defined in TS 36.101 sub-clause 6.2.5 and TS 38.101-2 sub-clause 6.2.4 shall be reused for their EN-DC counter parts.

Proposal 2: If NR and E-UTRA transmissions overlap and the UE does not support dynamic power sharing, the E-UTRA and NR Pcmax equations for their respective single RAT operation as defined in TS 36.101 sub-clause 6.2.5 and TS 38.101-2 sub-clause 6.2.4 shall be reused for their EN-DC counter parts except that the PPowerClass should be reduced by 3 dB.

Proposal 3: For UE with dynamic power sharing, the EN-DC Pcmax requirement is defined by the following equations altogether.

PCMAX_L_ E-UTRA,c (p) ≤ PCMAX_ E-UTRA,c (p) ≤ PCMAX H _ E-UTRA,c (p)

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

10 log10 [pCMAX_ E-UTRA,c (p) + pCMAX,f,c,NR (q) ] ≤ P_EN-DC_Total
Proposal 4: There is no need to specify the power scaling factor X for NR.

3 Conclusion
In this contribution, we share our views on the Pcmax definition for inter-band EN-DC and provide an alternative definition for consideration. 
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