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1. Introduction

In last RAN4#86bis meeting, RAN4 has reached some agreements for inter-band EN-DC power control in FR1 based on RAN1 LS [1]. P_LTE and P_NR are the maximum allowed power value given by the serving cells separately for EN-DC UE and P-Max for EN-DC in FR1 is introduced for some power limited use cases. However, how to set the upper and lower limits for configured maximum output power is still FFS. In this paper, we present our proposals about inter-band EN-DC configured maximum output power upper and lower limits.
2. Discussion
RAN1 agreements in RAN1 #90 for inter-band EN-DC power sharing are shown below for reference.

Agreements:
· At least for LTE-NR NSA operation

· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately

· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 

· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax

· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.

· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.

· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 

· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation

· For LTE, no change in power control procedure

· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE

· The following is FFS

· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)

2.1 Maximum allowed power value given by serving cell
According to RAN1, for LTE-NR NSA operation, when UE is configured both for LTE and NR, it will receive two sets of IE P-max configuration from the serving cells. 
· Configuration 1 is for standalone NR and LTE operation including the PEMAX, c for SA NR defined in 38.101-1 and PEMAX, c for E-UTRAN defined in 36.101
· Configuration 2 is for EN-DC NSA operation including P_LTE and P_NR. 
It is confused to use the individual configuration 2 or both configurations to define UE configured maximum output power upper and lower limits for EN-DC, i.e. PCMAX_EN-DC_H and PCMAX_EN-DC_L. 
In last meeting, most companies focus on PCMAX upper and lower limits considering both configurations, i.e. min(PEMAX_E-UTRAN, c, P_LTE) and  min(PEMAX_NR, c, P_NR). However, in some cases, considering two configurations will be unreasonable. 

For example, when HPUE initially access networks, it receives the PEMAX, c for E-UTRAN B41 as 20dBm and PEMAX, c for NR n41 as 20dBm.  In this example, the UE operates in EN-DC mode and it may receive the configured 26 dBm P_LTE and 26dBm P_NR from the MN and SN separately. The details of the configured parameters are shown below:
Table1 configured power control paramters
	Configuration
	PEMAX_E-UTRAN, c
	Ppowerclass_E-UTRAN, c
	PEMAX_NR, c
	Ppowerclass_NR,c
	P_LTE
	P_NR
	Ppowerclass_EN-DC,c
	PEMAX_EN-DC, c

	Value(dBm)
	20
	26
	20
	26
	26
	26
	26
	26


If  both configurations are considered, i.e. min(PEMAX_E-UTRAN, c, P_LTE) and  min(PEMAX_NR, c, P_NR), the final PCMAX_EN-DC_H is 23dBm, i.e. 20dBm+20dBm=23dBm.
In this example, the P_LTE (26dBm) and P_NR (26dBm) are both larger than Pcmax considering the 23dBm upper limits PCMAX_ EN-DC _H.
However, according to RAN1 agreements in RAN1 #90, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. This means the P_LTE and P_NR are wrong in the last example.
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately

· i.e., when UE is configured for NR,  and  P_NR can be configured up to P_cmax. 

· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax
Therefore, when the LTE operate overlapping with NR, only the P_LTE and P_NR not the PEMAX_E-UTRAN, c and PEMAX_NR, c will dominate the configured maximum output power upper limits PCMAX_ EN-DC _H, while PEMAX_E-UTRAN, c and PEMAX_NR, c will dominate the configured maximum output power upper limits PCMAX_ E-UTRAN _H  and PCMAX_ NR _H when LTE and NR operate without overlapping. 

Proposal 1: For inter-band EN-DC 2TX operation, If the transmissions from NR and E-UTRA overlap in time domain, only P_LTE and P_NR will dominate the configured maximum output power upper limits PCMAX_ EN-DC _H . 

PCMAX_EN-DC_H (p,q) = MIN {10 log10 [pCMAX_EN-DC_E-UTRA_H, c + pCMAX_EN-DC_NR_H, c], PPowerClass_ EN-DC – ΔPPowerClass_ EN-DC, PEMAX, EN-DC}
where
· pCMAX_EN-DC_E-UTRA_H, c= MIN(p_LTE (p), pPowerClass_E-UTRAN – ΔpPowerClass_E-UTRAN )
· pCMAX_EN-DC_NR_H, c= MIN( p_NR (q), pPowerClass_NR – ΔPPowerClass_NR )
· ΔPPowerClass_ EN-DC =PPowerClass, EN-DC – PPowerClass_Default, EN-DC dB = 3 dB for a power class 2 capable UE, when P-Max, EN-DC of 23 dBm or lower is indicated in the cell; otherwise, ΔPPowerClass = 0 dB
If the transmissions from NR and E-UTRA do not overlap,  their own specifications 38.101-1 and 36.101 apply without any modifications.
2.2 Configured Maximum output power lower limit
In the last meeting, the main divergence existed in whether the lower limit for PCMAX_EN-DC is necessary or not. In this paper, we propose to config the lower limits PCMAX_EN-DC_L (p,q) as both the LTE and NR have the lower limits and then the lower limit for EN-DC is necessary for RAN5 test. PCMAX_ EN-DC _L(p,q) in a subfram p of LTE and a scheduling unit (slot) q of NR  that overlap in time shall be defined as follows:
PCMAX_EN-DC_L (p,q) = MIN {10 log10 [pCMAX_EN-DC_E-UTRA_L, c + pCMAX_EN-DC_NR_L, c], PPowerClass_EN-DC – ΔPPowerClass_EN-DC, PEMAX_EN-DC}
PCMAX_EN-DC_E-UTRA_L, c = MIN {P_LTE - TC_E-UTRAN,c,  (PPowerClass_E-UTRAN – ΔPPowerClass_E-UTRAN) – MAX(MPR_ E-UTRAN, c + A-MPR_E-UTRAN, c + ΔTIB_ E-UTRAN, c + ∆TC_E-UTRAN, c  + TProSe,  P-MPR_E-UTRAN, c) }

PCMAX_EN-DC_NR_L, c = MIN {P_NR - TC_NR,c,  (PPowerClass_ NR – ΔPPowerClass_ NR) – MAX(MPR_ NR, c + A-MPR_ NR, c + ΔTIB_ NR, c + ∆TC_ NR, c  + ∆TRxSRS,  P-MPR_ NR, c) }
Where
· pCMAX_EN-DC_E-UTRA_L, c is the line value of UE configured maximum output power lower limits for LTE when LTE and NR overlap in the time;
· pCMAX_EN-DC_NR_L, c is the line value of UE configured maximum output power lower limits for NR when LTE and NR overlap in the time;
· ΔPPowerClass_ EN-DC =PPowerClass, EN-DC – PPowerClass_Default, EN-DC dB = 3 dB for a power class 2 capable UE, when P-Max, EN-DC of 23 dBm or lower is indicated in the cell; otherwise, ΔPPowerClass = 0 dB
· P_LTE  and P_NR are the value given by IEs P-Max for serving cell c in EN-DC NSA operation as defined in 38.331;
· TC_ E-UTRA,c is 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 is 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_ E-UTRAN, c is the additional tolerance for serving cell c as specified in Table 6.2.5-2 in 36.101; ΔTIB_ E-UTRAN, c = 0 dB otherwise;
· ΔTIB_ NR, c is the additional tolerance for serving cell c as specified in Table 6.2.5-2 in 38.101-1; ΔTIB_ NR, c = 0 dB otherwise;
· TProSe = 0.1 dB when the UE supports ProSe Direct Discovery and/or ProSe Direct Communication on the corresponding E-UTRA ProSe band; TProSe = 0 dB otherwise;
· ∆TRxSRS  is 3 dB and is applied when UE transmits SRS to the antenna port that is designated as Rx port. For other SRS transmissions ∆TRxSRS is zero as specified in section 6.2.4 in 38.101-1.
Proposal 2: The configured maximum output power lower bounds is necessary as both the LTE and NR have the lower limits. PCMAX_EN-DC_E-UTRA_L, c is set as follows:

PCMAX_EN-DC_L (p,q) = MIN {10 log10 [pCMAX_EN-DC_E-UTRA_L, c + pCMAX_EN-DC_NR_L, c], PPowerClass_EN-DC – ΔPPowerClass_EN-DC, PEMAX_EN-DC}
Where
· PCMAX_EN-DC_E-UTRA_L, c = MIN {P_LTE - TC_E-UTRAN,c,  (PPowerClass_E-UTRAN – ΔPPowerClass_E-UTRAN) – MAX(MPR_ E-UTRAN, c + A-MPR_E-UTRAN, c + ΔTIB_ E-UTRAN, c + ∆TC_E-UTRAN, c  + TProSe,  P-MPR_E-UTRAN, c) }

· PCMAX_EN-DC_NR_L, c = MIN {P_NR - TC_NR,c,  (PPowerClass_ NR – ΔPPowerClass_ NR) – MAX(MPR_ NR, c + A-MPR_ NR, c + ΔTIB_ NR, c + ∆TC_ NR, c  + ∆TRxSRS,  P-MPR_ NR, c) }
· ΔPPowerClass_ EN-DC =PPowerClass, EN-DC – PPowerClass_Default, EN-DC dB = 3 dB for a power class 2 capable UE, when P-Max, EN-DC of 23 dBm or lower is indicated in the cell; otherwise, ΔPPowerClass = 0 dB
3. Conclusion
Based on the above, we propose the followings.
Proposal 1: For inter-band EN-DC 2TX operation, If the transmissions from NR and E-UTRA overlap in time domain, only P_LTE and P_NR will dominate the configured maximum output power upper limits PCMAX_ EN-DC _H . 

PCMAX_EN-DC_H (p,q) = MIN {10 log10 [pCMAX_EN-DC_E-UTRA_H, c + pCMAX_EN-DC_NR_H, c], PPowerClass_ EN-DC – ΔPPowerClass_ EN-DC, PEMAX, EN-DC}
where
· pCMAX_EN-DC_E-UTRA_H, c= MIN(p_LTE (p), pPowerClass_E-UTRAN – ΔpPowerClass_E-UTRAN )
· pCMAX_EN-DC_NR_H, c= MIN( p_NR (q), pPowerClass_NR – ΔPPowerClass_NR )
· ΔPPowerClass_ EN-DC =PPowerClass, EN-DC – PPowerClass_Default, EN-DC dB = 3 dB for a power class 2 capable UE, when P-Max, EN-DC of 23 dBm or lower is indicated in the cell; otherwise, ΔPPowerClass = 0 dB
If the transmissions from NR and E-UTRA do not overlap,  their own specifications 38.101-1 and 36.101 apply without any modifications.
Proposal 2: The configured maximum output power lower bounds is necessary as both the LTE and NR have the lower limits. PCMAX_EN-DC_E-UTRA_L, c is set as follows:

PCMAX_EN-DC_L (p,q) = MIN {10 log10 [pCMAX_EN-DC_E-UTRA_L, c + pCMAX_EN-DC_NR_L, c], PPowerClass_EN-DC – ΔPPowerClass_EN-DC, PEMAX_EN-DC}
Where
· PCMAX_EN-DC_E-UTRA_L, c = MIN {P_LTE - TC_E-UTRAN,c,  (PPowerClass_E-UTRAN – ΔPPowerClass_E-UTRAN) – MAX(MPR_ E-UTRAN, c + A-MPR_E-UTRAN, c + ΔTIB_ E-UTRAN, c + ∆TC_E-UTRAN, c  + TProSe,  P-MPR_E-UTRAN, c) }

· PCMAX_EN-DC_NR_L, c = MIN {P_NR - TC_NR,c,  (PPowerClass_ NR – ΔPPowerClass_ NR) – MAX(MPR_ NR, c + A-MPR_ NR, c + ΔTIB_ NR, c + ∆TC_ NR, c  + ∆TRxSRS,  P-MPR_ NR, c) }
· ΔPPowerClass_ EN-DC =PPowerClass, EN-DC – PPowerClass_Default, EN-DC dB = 3 dB for a power class 2 capable UE, when P-Max, EN-DC of 23 dBm or lower is indicated in the cell; otherwise, ΔPPowerClass = 0 dB
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