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1. Introduction
For power class 2, a well known challenge is compliance with SAR as well as thermal mitigation when high power and high duty cycle transmission is scheduled.  Consequently, it has been agreed that the UE can signal a parameter called MaxULDutyCycle to indicate to the basestation its capability and request scheduling of uplink slots below this threshold.  What remains to be determined is the mechanism for the UE to autonomously reduce transmit power in case the MaxULDutyCycle capability is not respected by the basestation scheduler.
2. Discussion

In [1], an approach using MPR to allow the UE to reduce transmission power when the uplink transmission exceeds MaxULDutyCycle was presented.  It was agreed to check the feasibility of this approach.  If MPR is not found to be feasible, then the alternative is to fallback to power class 3 requirements.

The configured transmitted power PCMAX is shown below

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


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

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

The advantage of applying MPR is that a reduction in power is allowed to the UE via the lower limit on PCMAX, but is not required since the upper limit on PCMAX is not adjusted.  This formulation allows for different UE’s having different industrial designs and antenna systems which can affect their ability to comply with SAR for a given transmission and to meet thermal constraints.  For the UE’s constrained by SAR, the power backoff is allowed.  For the UE’s with advanced SAR management, the UE is not compelled to reduce power if SAR can be met otherwise.
As an example, consider a UE that requires 3 dB power reduction (from 26 dBm PC2 to 23 dBm PC3) when the transmission duty cycle exceeds its signaled capability.  In that case, so long as the backoff allowed is at least 3 dB, then the UE’s maximum configured transmission power (PCMAX) can be reduced to 23 dBm or lower.  In the PCMAX_L,f,c equation above, this condition can be met as long as 

MAX(MPRc + A-MPRc+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) ≥ 3 dB

Therefore, a modification of MPRc to ensure that its value is always at least 3 dB could meet this criterion.  Of course, this modification should only be made when MaxULDutyCycle is exceeded and only made for power class 2.  Since PCMAX_H,f,c is unmodified, a different UE that does not require full 3 dB power reduction while still meeting SAR is free to transmit at a power level anywhere from 23 dBm up to 26 dBm.  In fact, the need for mandatory 3 dB backoff has already been identify as excessive in [2], although the solution proposed there was an unbounded P-MPR whereas the solution proposed here is similar but bounded by 3 dB.

“For band 41 HPUE which is introduced into Release 13, ΔPPowerClass of 3dB is used to control the UE power backoff … Though ΔPPowerClass is simpler to use and test, we think it is somehow overkill and the power backoff needed is usually not that much. By using P-MPR and leave it to implementation, better performance could be achieved.” (Extracted from [2])
One possible specification change is shown below in red font

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


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

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

where

MPRduty = (PPowerClass – 23) dB when MaxULDutyCycle is exceeded, or 0 otherwise.  (Exact wording to be improved)
By defining MPRduty relative to PPowerClass, it can be applied generally to PC2 and eventually to 29 dBm.  The MPRduty ensures a reduction of at least 3 dB in PCMAX_L when the uplink duty cycle exceeds MaxULDutyCycle for a power class 2 device.  The 3 dB backoff is ensured even for those deployments were NS is signalled, A-MPR is available, and A-MPR is defined in such a way that A-MPR supercedes MPR and MPRc is set to zero; i.e., even in the event that MPRc=0, the MAX(MPRc, MPRduty) ensures a backoff of at least 3 dB.  However, this implies that the allowed backoff may be overly specified when A-MPR is additive to MPR or when the other terms in the first argument of the outer MAX() function sum to greater than 3 dB without including MAX(MPRc, MPRduty).  This situation is no different than the current situation for LTE, however, when PPowerClass is used as the PC2 fallback mechanism and was purposefully defined in this way.
For EN-DC, the PCMAX equations have not been agreed yet.  However, based on proposals so far, the indication is that the PCMAX_L_ENDC will be either PCMAX_L_LTE + PCMAX_L_NR if both LTE and NR can be transmitted simultaneously with NR power possibly scaled, or PCMAX_L_LTE alone if NR is allowed to be dropped.  For a configuration where the power class of each CG is lower than the EN-DC power class and in the situation where power sharing is required (i.e., the composite transmit power is approaching PPowerClass_ENDC) and NR cannot be dropped, then a similar modification to PCMAX_L_ENDC may be needed.  For example, 

PCMAX_L_ENDC = MIN(PPowerClass_ENDC – MPRduty, PCMAX_L_LTE + PCMAX_L_NR)
3. Conclusion

In this contribution, an approach to modify the lower limit of PCMAX by introducing a new MPR parameter is presented.  The reduction in the lower limit of PCMAX is needed for a high power UE that is scheduled with an uplink duty cycle and transmission power that is beyond its signaled capability to meet SAR.  At the same time, the approach presented in this contribution allows for other UE’s that can still meet SAR to be able to transmit at higher power as scheduled by the network, rather than mandating that all UE’s take a full 3 dB backoff.
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