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1 Introduction
In the last RAN4 #88bis meeting, a WF on Pcmax for inter-band EN-DC was approved [1]. Some discussion have been captured in the draft CR in R4-1813844 [2], and companies are suggested using it as a baseline for further proposals in RAN4.

 · [bookmark: OLE_LINK29][bookmark: OLE_LINK30]The progress made in meeting #88bis has been captured in the draft CR in R4-1813844 from Qualcomm built on R4-1811484 (as mandated by RAN plenary in RP-182034).
· The main achievements for inter-band EN-DC Pcmax that have to be preserved in further discussions are:
1. The total configured transmission power for both synchronous and non-synchronous operation is
· P_EN-DC_Total = MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}
· P_EN-DC_Total is the dB value of  , which is used in [38.213] and PEMAX, EN-DC is p-maxUE-FR1-r15 value signaled by RRC and defined in [36.331];
2. The use in the “IF Conditions” for Pcmax_EN_DC_L determination of the real Pcmax_LTE and Pcmax_NR
3. The X_scale value is the scaling against the real Pcmax_NR in the IF conditions.


· Use the draft CR in R4-1813844 from Qualcomm as a baseline for further proposals, preserving the achieved agreements in meeting #88bis.
· The companies are encouraged to bring test cases design for inter-band EN-DC that will show:
· How the current baseline can be tested(including GCF style of test – the flow and how parameters are used and results validated).
· Any problem with the current baseline CR in R4-1813844 
· For any CR improvement should be justified and it would be required to show the delta with the current baseline by numerical examples and also how this can be tested.


In this contribution, we provide our view on this issue.
2 Discussion
Based on draft CR [2] [3] in last RAN4 #88bis meeting and RAN plenary guidance [4] and, 38.101-3 shall be improved to cover for the NR scaling or dropping, in order to prevent unnecessary NR dropping for dynamic power sharing EN-DC UEs when there is ’real’ power left from E-UTRA.
The UE may drop NR uplink transmission if more than X_scale dB down scaling of NR power is required, otherwise the UE shall scale NR power down to keep the total UE configured maximum output power between the upper and lower limits of PCMAX of EN-DC respectively. 

However, there are mainly two understanding of X_scale when discussing PCMAX of inter-band EN-DC：
· Option 1：X_scale is the thethhold value in dB scaling against the real Pcmax_NR
· Option 2：X_scale is the linear value of X dB scaling against the real Pcmax_NR
So RAN4 has to do down selection in order to better continue the discussion of Pcmax in 38.101-3. From our side, option 1 as exact dB value can be easier to understand for us. 

Observation 1: RAN4 has agreed NR can be dropped if more than X_scale dB of scaling is required, which is configured by RRC and can only take values [0, 6] in Rel-15. 
[bookmark: _Hlk525378359]
Proposal 1: Use X_scale as the thethhold value in dB. This threshold X dB does not limit the UE performance but only defines the UE minimum performance.

It is agreed that P_EN-DC_Total is the dB value of  which is used in [38.213], PEMAX, EN-DC is IE P-Max value signaled by RRC and defined in [38.331]. In addition, in last meeting an LS [5] has been send to RAN2 with the following agreement achieved in RAN4, in order to inform of the understanding of P-max for per NR or E-UTRA and per UE in Release 15, when defining PCMAX for inter-band EN-DC within FR1.
RAN4 has discussed the above two questions and would like to give following feedback:
· About Power class definition in RAN4: 
· The power class definition is independent for FR1 and FR2;
· Following P-Max are introduced in RAN4: 
· P-Max for the maximum total power of LTE single cell and cell-group;
· P-Max for the maximum total power of NR FR1 single cell and cell-group;
·  P-Max for the maximum total power of LTE+NR FR1 cell-group in the following EN-DC scenarios
· LTE+NR FR1 EN-DC
· LTE+NR FR1+NR FR2 EN-DC
· Whether or not introducing P-Max for the maximum total power of NR FR2 single cell and cell-group is still under discussion in RAN4 and the configuration is independent from FR1 P-Max. RAN4 will further update the status in the following meetings.


RAN4 has asked RAN2 to introduce 3 sets of P-Max above needed for RAN4 for configured maximum output power of E-UTRA, NR and EN-DC. By checking current RAN2 spec, we find that it can fulfill the requirement of different IE P-Max for E-UTRA, NR and EN-DC UE within FR1. 
Proposal 2: RAN4 shall differentiate the use case of the IE P-Max for the scenarios of inter-band EN-DC with FR1, as follows：
· PEMAX, E-UTRA, c is the value given by IE P-Max [p-MaxEUTRA] for E-UTRA cell group.
· PEMAX, NR, c is the value configured for NR cell group given by IE P-Max [p-NR-FR1] for NR cell group.
· PEMAX, EN-DC is the value given by IE P-Max [p-UE-FR1] or [ p-maxUE-FR1-r15] configured total for all serving cells operating within FR1.
However, we can also find that PLTE and PNR are the linear values for the PLTE and PNR respectively signaled by RRC.
RAN1 and RAN2 may have different understanding for configured transmission power of NR and E-UTRA as follows.
· PEMAX,E-UTRA, c  and PEMAX,NR, c are the values configured in SIB  
· PLTE and PNR are the linear values for PLTE and PNR respectively signaled by RRC
Regarding the two sets of values above may be used for different procedure or during different time, we can get the intention of the two sets of IE for configured transmission power. However, from RAN4’s side, we may need only one set of values like P_E-UTRA and P_NR, in order to clearly clarify the exact limits of PCMAX_L, E-UTRA and PCMAX_H, E-UTRA, PCMAX_L, NR and PCMAX_H, NR. If that is this case, RAN4 would like to consider the possibility of aligning with the values as one set of IE for E-UTRA or NR respectively. 
[bookmark: OLE_LINK10]Proposal 3: RAN4 can decide whether to define an unified IE for configured transmission power for E-UTRA and NR respectively.
For example, P_E-UTRA = MIN (PEMAX, E-UTRA, c , PLTE), P_NR = MIN(PEMAX,NR, c , PNR).
Based on the current assumption, there are two options for the definition of limits for PCMAX, E-UTRA , and PCMAX, NR respectively.
Option1: Assuming PEMAX,E-UTRA, c and PEMAX,NR, c can cover PLTE and PNR respectively, RAN4 just use PEMAX,E-UTRA, c and PEMAX,NR, c when defining the Pcmax for EN-DC.
Thus, the limit of configured maximum output power for serving cell of E-UTRA and NR, i.e., PCMAX_L, E-UTRA and PCMAX_H, E-UTRA , PCMAX_L, NR and PCMAX_H, NR , can be reused as specified in sub-clause 6.2.5 of 36.101 and sub-clause 6.24 of 38.101-1 respectively, without any modification.
Option2: RAN4 has to choose the minimum from PEMAX, E-UTRA, c and PLTE ,  PEMAX,NR,c and PNR respectively.
Thus, PCMAX_L, E-UTRA and PCMAX_H, E-UTRA, PCMAX_L, NR and PCMAX_H, NR, can be modified by PLTE and PNR based on the definition specified in sub-clause 6.2.5 of 36.101 and sub-clause 6.24 of 38.101-1 respectively, as follows:


Another remaining issue is how to conclude test cases for inter-band EN-DC. 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)
And for PCMAX_H (p,q),
PCMAX_H (p,q) = MIN {10 log10 [pCMAX_H, E-URTA (p) + pCMAX_H, NR (q)], PCMAX (p,q)}
According to the discussion in last meeting and draft CR by companies, we also give such an example of method below for calculating PCMAX_L (p,q) togerther with the transmitted NR power after potential scaling or NR dropping. It may be more acceptable solution for RAN4. For PCMAX _L(p,q), three cases for PCMAX _L are clarified in following proposal, which can be taken into accout in sub-clause 6.2B.4.1.3 of 38.101-3.
Case1: If the total configured transmit power of NR and E-UTRA is more than P_EN-DC_Total, and meanwhile the scaling requested for NR does not exceed X_scale, PCMAX _L(p,q) should follow
PCMAX _L(p,q) = MIN {10 log10 [pCMAX_L, E-UTRA (p) + pCMAX_L, NR (q) /10^(X_scale/10)], P_EN-DC_Total }
[bookmark: OLE_LINK7]Case2: If the total configured transmit power of NR and E-UTRA is more than P_EN-DC_Total, and meanwhile the scaling requested for NR exceeds X_scale, PCMAX _L(p,q) should follow the minimum of PCMAX and PCMAX_L, E-UTRA 
PCMAX _L(p,q) = MIN {10 log10 [pCMAX_L, E-UTRA(p) ], P_EN-DC_Total }
Note 1: In this case, the transmitted NR power may be set to zero, means NR completely dropped. Otherwise, the transmitted NR power after potential scaling are not required to be tested. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Note2: Regarding UE would not be able to make an arbitrary decision on when to completely drop NR, the lower limit of configured maximum output power PCMAX _L(p,q) should follow the minimum of PCMAX and PCMAX_L, E-UTRA
Case3: If the total configured transmit power of NR and E-UTRA is less than P_EN-DC_Total, PCMAX _L(p,q) should follow
[bookmark: OLE_LINK36]PCMAX _L(p,q) = MIN {10 log10 [pCMAX_L, E-UTRA,c (p) + pCMAX_L, NR c(q)], P_EN-DC_Total }
[bookmark: OLE_LINK43][bookmark: OLE_LINK39][bookmark: OLE_LINK40]IF 10log10 [pCMAX, E-UTRA (p)+ pCMAX, NR(q)] > P_EN-DC_Total
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]p'CMAX, NR (q) = 10^( P_EN-DC_Total /10) - pCMAX, E-UTRA (p)
IF 10log10 ( pCMAX, NR (q) / p'CMAX, NR (q) ) < X_scale
p''CMAX, NR (q) = p'CMAX, NR (q), means the transmitted NR power after scaling
PCMAX _L(p,q) = MIN {10 log10 [pCMAX_L, E-UTRA (p) + pCMAX_L, NR (q) /10^(X_scale/10)], P_EN-DC_Total }
ELSE
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]PCMAX _L(p,q) = MIN {10 log10 [pCMAX_L, E-UTRA(p) ], P_EN-DC_Total }
IF  p''CMAX, NR(q) == 0
p''CMAX, NR (q) may set to zero, means NR completely dropped. 
ESLE 
p''CMAX, NR (q) = [TBD], means the transmitted NR power after potential scaling
ELSE 
PCMAX _L(p,q) = MIN {10 log10 [pCMAX_L, E-UTRA,c (p) + pCMAX_L, NR c(q)], P_EN-DC_Total }
where 
· pCMAX, E-UTRA (p) is the linear value of PCMAX, E-UTRA (p), the real configured max power for LTE;
· pCMAX, NR (q) is the linear value of PCMAX,NR (q), the real configured max power of NR;
· p'CMAX, NR (q) is the NR power for calculation expressed in linear scale;
· p''CMAX, NR (q) is the transmitted NR power after potential scaling or NR dropping expressed in linear scale; the value may be set to zero, means NR completely dropped.
· X_scale is the linear value of X dB which is configured by RRC and can only take values [0 , 6].

Proposal 4: Such method for calculating PCMAX_L can be agreed and captured in sub-clause 6.2B.4.1.3 of 38.101-3.


In addition, several observations are given for further discussing about test cases. Here are three scenarios for inter-band EN-DC,
· Scenario 1: the transmissions from NR and E-UTRA do not overlap
· Scenario 2: the EN-DC UE does not support dynamic power sharing with E-UTRA and NR uplink transmissions overlapping
· Scenario 3: the EN-DC UE supports dynamic power sharing with E-UTRA and NR uplink transmissions overlapping
For Scenario 1 and 2, 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, including measured configured maximum output power for E-UTRA and NR, shall apply with the modifications, and P_EN-DC_Total applies which shall not be exceeded at any time by UE.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]For Scenario 3, 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, and the limits for the total measured power of EN-DC UE should follow the specification of 38.101-3 which would consider the mechanism of NR scaling or dropping in order to prevent unnecessary NR dropping for dynamic power sharing EN-DC UEs.
For all Scenarios above, MPR and A-MPR for EN-DC would be testable. Regarding the definition of PCMAX for inter-band EN-DC, we can find that, MPR/A-MPR for inter-band EN-DC within FR1 can follow those for E-UTRA and NR respectively from their own specifications 36.101 and 38.101-1 respectively, as well.

Proposal 5: MPR/A-MPR for inter-band EN-DC within FR1 can follow those for E-UTRA and NR respectively from their own specifications 36.101 and 38.101-1 respectively.

Whether MPR/A-MPR could be exceeded only when necessary is FFS. Due to the status of configured output power for CA in 38.101-1/2, how to handle multiple E-UTRA or NR UL carriers needs TBD in the later phase or release, including possibility to leave this up to the UE implementation. 
3 Conclusion
In this contribution, we provided our view on PCMAX of inter-band EN-DC within FR1. Our observations and proposals in this contribution are for approval.

Observation 1: RAN4 has agreed NR can be dropped if more than X_scale dB of scaling is required, which is configured by RRC and can only take values [0, 6] in Rel-15. 

Proposal 1: Use X_scale as the thethhold value in dB. This threshold X dB does not limit the UE performance but only defines the UE minimum performance.
Proposal 2: RAN4 shall differentiate the use case of the IE P-Max for the scenarios of inter-band EN-DC with FR1, as follows：
· PEMAX, E-UTRA, c is the value given by IE P-Max [p-MaxEUTRA] for E-UTRA cell group.
· PEMAX, NR, c is the value configured for NR cell group given by IE P-Max [p-NR-FR1] for NR cell group.
· PEMAX, EN-DC is the value given by IE P-Max [p-UE-FR1] or [ p-maxUE-FR1-r15] configured total for all serving cells operating within FR1.
Proposal 3: RAN4 can decide whether to define an unified IE for configured transmission power for E-UTRA and NR respectively.
Proposal 4: Such method for calculating PCMAX_L can be agreed and captured in sub-clause 6.2B.4.1.3 of 38.101-3.

[bookmark: _GoBack]Proposal 5: MPR/A-MPR for inter-band EN-DC within FR1 can follow those for E-UTRA and NR respectively from their own specifications 36.101 and 38.101-1 respectively.
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