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1 Background

In this brief we discuss some aspects of the power sharing for EN-DC within FR1 based on the proposal in [1] and LS from RAN1 in [2] with their recent agreements
Agreement:
· P_LTE and P_NR are configured separately via UE specific RRC (i.e., as dBm numbers with similar value range as p-Max in LTE)

· P_LTE and P_NR are UE-specific

· P_cmax for LTE and P_cmax for NR are derived based on P_LTE and/or P_NR (details to be decided by RAN4)

· RAN4 to define maximum total LTE and NR power in FR1 (X_total) that the UE should never exceed.

· When dynamic power sharing is used, 

· If total power for LTE and NR in FR1 exceeds X_total, UE reduces NR transmission power or drops NR transmission so that total power does not exceed X_total

· Note: As per previous agreement LTE power control procedure is not changed
One general remark is that the 38.101-1 specifiations should only contain limits for power sharing and the configured power, any power control behaviour should be specified in the 38.213 (e.g. the reduction of the SCG power in case of a power limitation).
2 Pcmax per CG and the Pcmax per UE
In [1] it is observed that Pcmax,c [for each CG] is a semi-static parameter depending on the power class. However, the Pcmax,c can be configured in a range and depends on the UL SC in each slot and any actual power back-off applied, but is upper bounded by a semi-static limit Pcmax_H. The Pcmax,c can therefore vary on a per-slot basis.

The Pcmax per UE can also be configured in a range that is upper bounded by a semi-static upper bound, for LTE DC

(2.1)
PCMAX_H (p,q) = MIN {10 log10 [pCMAX_H,c(1),1 (p) + pCMAX_H,c(2),2 (q)], PPowerClass}

Hence the of 
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in the 38.213 should also be configurable within a range:
7.6
Dual connectivity

If a UE is configured with a MCG using LTE radio access and with a SCG using NR radio access, the UE is configured by higher layer parameter p-MCG a fraction 
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 for transmissions on the MCG and is configured by higher layer parameter p-SCG a fraction 
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 for transmissions on the SCG, where 
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 is the linear value of 
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 as defined in [8, TS 38.101]. 

If a UE is provided a higher layer parameter suo-duo-mode that is set to case1 and if 
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, the UE does not transmit in a slot on the SCG for which a corresponding subframe on the MCG includes UL symbols. If a UE is configured a higher layer parameter suo-duo-mode that is set to dual, denoting by
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 the linear values of the total UE transmit power that the UE calculates according to [13, TS 36.213] for the MCG and according to Subclauses 7.1 through 7.5 for transmissions on the MCG and on the SCG, respectively, and if the UE is not configured for operation with shortened TTI and processing time on the MCG [13, TS 36.213], the UE sets 
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 and then sets 
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The upper limit of the Pcmax for LTE DC is limited by Ppowerclass for reasons of SAR compliance. For PC2 only certain U/D configurations are allowed for TDD in order to make sure that the duty cycle is low enough for SAR compliance. 
EN-DC operation also includes cases in which the power classes of the CGs can be different, e.g. a MCG with PC3 (FDD) capability and a SCG with PC2 (TDD) capability. It is proposed in [1] that a power class be defined for EN-DC as
PPowerclass, EN-DC = MAX { PPowerclass, E-UTRA, PPowerclass, NR}
However, the UE cannot transmit with a contiguous power exceeding 23 dBm (actually 25 dB including upper tolerance) on the said MSG even if the power is below PPowerclass, EN-DC = PC2 as set by the SCG.
The total power of the CGs, denoted X_total in [2], should also be configurable in a range on a slot timeframe basis while its long-term average should be such that the SAR requirement is met. 
A complication may the specification of the lower and upper limits of the 
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in 38.101-1 while allowing sufficient averaging of the power measured for SAR compliance. For PC2 operations. For example, the Pcmax.c can significantly exceed 23 dBm in certain sub-frames but the long-term average must still be below 23 dBm (nominal).
References 
1. R4-1800398, “Power sharing for EN-DC”, Qualcomm Incorporated

2. R4-1801413, “LS on power control for LTE-NR Dual Connectivity”, Ericsson
