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1 Background
The WF [1] for on NC UL CA PC2 evaluation assumptions and scenarios contains the following assumptions on MPR/AMPR evaluation assumptions: 
· PA calibration for 20MHz QPSK DFT-s-OFDM 100RB0 waveform based on 4dB post PA losses and 1dB MPR.
· 26dBm/antenna: 29dBm at 31dB ACLR
· 23dBm/antenna: 26dBm at 30dB ACLR
· Back-off is relative to 26dBm at the antenna
· Equal PSD and Equal back-off power split
· Measurements is used where two PA are coupled on the output recreating the 10dB antenna isolation assumption
· Emission requirements (ACLR/SEM/spurious emissions) are checked by summing the power of the two transmit paths
· Since simulation are not available, at least worst case corners are evaluated for different modulation order
· Like for PC3 same MPR/A-MPR values for DFT-s and CP-OFDM are targeted
In this brief we consider other prerequisties that are also relevant for MPR/A-MPR and for the actual power back-off used for operations in the field. The problem of UL SCell power reductions (dropping) discussed for FR2 is also relevant for FR1 intra-band combinations and affect the actual transmitted power levels of UL serving cells. THe observations apply for both contiguous and non-contiguous intra-band CA.

2 Similarities with intra-band EN-DC
For intra-band UL CA, there similarities with power control for EN-DC for which the MCG is allocated power according to the LTE CG alone (the Pcmax,c for the MCG) alone and the remaining power below the configured total EN-DC power is assigned to the SCG. For e.g. intra-band EN-DC, a specific  power level is subject to a “total MPR” for the total power from which the MPR of the CG are derived (the same in some cases)

The power prioritization rules in 38.213 clause 7.5 apply when the total configured output power PCMAX is exceeded, not matter the power class. For UL PC2 the PCMAX would be upper bounded by 26 dBm. For concurrent transmissions on the CCs, the total SCell power would be capped at 23 dBm and the SCell(s) reduced or dropped for a PCell transmissions at 23 dBm that is of equal or higher priority. This means that the power control for UL CA is similar to that of EN-DC for which the MCG is prioritized subject to a total EN-DC power, the PCMAX for EN-DC. 

Observation 1: the power prioritization rules in 38.213 imply that the power control for UL CA is similar to that of EN-DC for which the MCG is prioritized subject to a total EN-DC power, the PCMAX for EN-DC. For UL CA, the total SCell power would be capped at 23 dBm and the SCell(s) reduced or dropped for a concurrent PCell transmissions at 23 dBm that is of equal or higher priority. This affects the actual power reductions (back-off) used on the UL serving cells and an MPR specification based on “equal PSD”.

and should perhaps be accounted for. The actual scaling of the Scell(s) applied for power prioritization is not specified, PCell prioritization by dropping SCells is not precluded.  
3 Achieving “equal PSD” and avoiding undue SCell power scaling (dropping)

Equal PSD and equal back-off power split is assumed, which has been the assumption for all UL intra-band CA since Rel-10. However, the power prioritization rules for LTE and NR are not identical, from the Rel-15 version of the 36.213 

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE would exceed 
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hence the same weight factor for the PUSCH transmissions on all cells; this justifies the “same PSD” for E-UTRA intra-band CA. 

One way of preventing SCell power reductions would be to limit the maximum power for the PCell to reserve power for SCell transmissions, at least for particular transmissions e.g. for PUSCH without UCI as discussed in [2]. Moreover, by limiting the SCell maximum power in addition, a behavior similar to that for LTE in which scaling applies uniformly for each serving cell as noted. 
Thus the problem of limiting PCell and SCell maximum power could be solved by specifying limits relative to the configured power. This would also account for the actual power back-off (up to MPR and same for all serving cells) that is applied by the UE, which is unknown to the network but included in Pcmax reported in the PHR. The network would then configure the UE with UE-specific relative limits e.g. ΔPCMAX,f,c relative to the actual PCMAX,f,c for a serving cell. Setting ΔPCMAX,f,c = 3 dB for two CC, for example, would achieve “equal PSD” with power left for Scells regardless of the actual power back-off applied by these. This could be used both in the field and in standard conformance tests for UL CA MOP. 

In addition, the relative power limits ΔPCMAX,f,c configured by RRC could be activated or deactivated by a MAC-CE for fast adaptation to changing radio conditions in the field (would not be used for conformance tests of the MOP). The changes to the configured power in 38.101-1 could look like follows:
6.2.4
Configured transmitted power
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:

PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with


PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass – ΔPCMAX,f,c) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }

PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass – ΔPCMAX,f,c}

where


PEMAX,c is the value given by either the p-Max IE or the field additionalPmax of the NR-NS-PmaxList IE, whichever is applicable according to TS 38.331[7];


PPowerClass is the maximum UE power specified in Table 6.2.1-1 without taking into account the tolerance specified in the Table 6.2.1-1;


[…]

ΔPPowerClass = 3 dB for a power class 2 capable UE or 6 dB for a power class 1.5 UE when P-max of 23 dBm or lower is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); 3 dB for a power class 1.5 capable UE when P-max of between 23 dBm and 26 dB is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is between 25% and 50%; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is between maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC2-FR1/2 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); otherwise ΔPPowerClass = 0 dB;
ΔPCMAX,f,c is the power offset (attenuation) of the configured configured UE maximum output power PCMAX,f,c for carrier f of serving cell c indicated in the IE [deltaPcmaxfc] in the uplinkConfig for serving cell c and activated by the [Serving Cell Configured Power MAC CE], ΔPCMAX,f,c = 0 dB if ΔPCMAX,f,c is [deactivated] by the [Serving Cell Configured Power MAC CE] or if the IE [deltaPcmaxfc] is absent. 
[…]

The measured configured maximum output power PUMAX,f,c shall be within the following bounds:


PCMAX_L,f,c  –  MAX{TL,c, T(PCMAX_L,f,c)}  ≤  PUMAX,f,c  ≤  PCMAX_H,f,c  +  T(PCMAX_H,f,c).

where the tolerance T(PCMAX,f,c) for applicable values of PCMAX,f,c is specified in Table 6.2.4-1. The tolerance TL,c is the absolute value of the lower tolerance for the applicable operating band as specified in Table 6.2.1-1.
When DPCMAX,f,c > 0 dB and indicated as [attenuation] in the IE [deltaPcmaxfc] the UE shall apply the power offset DPCMAX,f,c to the PCMAX,f,c such that

PUMAX,f,c < P’UMAX,f,c – DPCMAX,f,c + [realtive power control tolerance]
where P’TMAX,f,c and P’UMAX,f,c are the respective measured total radiated power and output power with DPCMAX,f,c = 0 dB.. 
where the last requirements makes sure that the PCMAX,f,c is actually modified by the relative limit.

Observation 2: preventing SCell power reductions and “equal PSD” in conformance tests can be achieved by specifying limits relative to the configured power for the serving cells. This would account for the actual power back-off (up to MPR and same for all serving cells) that is applied by the UE. The UE-specific limits are configured by RRC and could be activated and deactivated by a MAC-CE.
4 Facilitating SAR compliance

Duty-cycle reporting has been discussed for intra-band UL CA. Typical common U-D patterns currently in use have an UL duty cycle of 30% or lower. For bands combinations not supporting simultaneous TxRx, the UE could operate at 26 dBm for both bands of a TDD-TDD combination without indication. The existing reporting for PC2 operation in a single CC could work.
5 Conclusions 
We make the following

Observation 1: the power prioritization rules in 38.213 imply that the power control for UL CA is similar to that of EN-DC for which the MCG is prioritized subject to a total EN-DC power, the PCMAX for EN-DC. For UL CA, the total SCell power would be capped at 23 dBm and the SCell(s) reduced or dropped for a concurrent PCell transmissions at 23 dBm that is of equal or higher priority. This affects the actual power reductions (back-off) used on the UL serving cells and an MPR specification based on “equal PSD”.

Observation 2: preventing SCell power reductions and “equal PSD” in conformance tests can be achieved by specifying limits relative to the configured power for the serving cells. This would account for the actual power back-off (up to MPR and same for all serving cells) that is applied by the UE. The UE-specific limits are configured by RRC and could be activated and deactivated by a MAC-CE.
References

1.   R4-2103371, “Way forward on NC UL CA PC2 evaluation assumptions and scenarios”, Skyworks Solutions Inc.
2.   R4-2101722, “LS to RAN5 on SCell dropping behavior and verification thereof”, Ericsson
