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Introduction
In [1], six options were summarized on how to enable maximum uplink transmission power for FDD-TDD EN-DC while at the same time meeting constraints due to SAR.  These options are intended to be network-assisted solutions, while UE autonomous solutions using P-MPR are always allowed [2].  The network-assisted solutions rely upon the UE signaling a capability related to maximum uplink duty cycle or the network imposing a lowered maximum output power constraint on the FDD cell group to enable opportunity to transmit on the TDD cell group.
Discussion
As argued in [3] a UE autonomous solution using P-MPR is always available irrespective of any network-assisted solution that may also be facilitated by UE capability signaling.  Since this point seems agreeable without contention, this contribution focuses on the network-assisted solutions on top of UE autonomous.  The purpose of network-assisted solutions are to supplement UE autonomous P-MPR in a way that maximizes the transmit power from the UE.  In other words, with network assistance, the UE should be able to transmit at higher power levels with greater frequency without a forced fallback to PC3.
The following options are presented in [1]
· Option1 report EN-DC total Duty cycle(Duty threshold) based on DutyLTE*(PLTE/ P26) + DutyNR*(PNR/ P26) ≤ Duty threshold
· Option2 report DutyLTE based on NR TDD sub-frame configuration
· Option3 report DutyNR based on LTE fixed dutycycle with LTE maximum transmit power 23dBm
· Option4 report SARratio based on DutyLTE*(PLTE/ P26) + SARratio*DutyNR*(PNR/ P26) ≤ 50%
· Option5 report SARratio and EN-DC total Duty cycle(Duty threshold) based on DutyLTE*(PLTE/ P26) + SARratio*DutyNR*(PNR/ P26) ≤ Duty threshold
· Option6 configure Plte lower than 23dBm based on LTE 100% dutycycle
For each of options 1 – 5, the UE reports a capability to the network related to a maximum uplink duty cycle.  This duty cycle is based on a simplified model of SAR that is directly proportional to the conducted transmit power (in mW) and the fraction of time over which the UE transmits.  Additionally, Options 2 – 5 also model the gain of the NR antenna system relative to the LTE antenna system towards SAR.  Therefore, if it can be assumed that a UE can fulfil SAR requirements with continuous transmission at 23 dBm, then it is also expected to fulfil SAR at 26 dBm transmission when its uplink duty cycle is restricted to 50% of less, assuming both NR and LTE antennas exhibit unity gain.  If the NR antenna system contributes twice the amount of SAR compared to the LTE antenna system, then the duty cycle must be restricted accordingly.  The generalized relationship can be expressed as
DutyLTE*(PLTE/ P26) + SARratio*DutyNR*(PNR/ P26) ≤ Duty threshold
In this equation, the DutyLTE and DutyNR terms can be either the configured duty cycles (i.e., based on UL/DL configuration or TDM-pattern) or can be the measured transmit duty cycles over an unspecified amount of time.  The PLTE and PNR are the maximum output powers for each cell group, irrespective of the actual transmit power.  SARratio is the relative gain of the NR cell group antenna system in its contribution towards SAR compared to a normalized LTE gain of one.  A SARratio of two, for example, would indicate that the NR antenna system has twice the impact on SAR as the LTE antenna system.  Duty threshold can be regarded as approximately 50% assuming PC2 output power levels to meet an equivalent SAR output of PC3 output with continuous transmission. 
Modeling options
To simplify the performance evaluation, a mapping of parameters in the equation above to options considered is shown below
	Option
	DutyLTE
	PLTE
	SARratio
	DutyNR
	PNR
	Duty threshold

	1
	Measured
	Configured
	Assume 1
	Measured
	Configured
	Reported

	2
	Reported
	Configured
	Measured
	Configured
	Configured
	Assume 50%

	3
	Configured
	Configured
	Measured
	Reported
	Configured
	Assume 50%

	4
	Measured
	Configured
	Reported
	Measured
	Configured
	Assume 50%

	5
	Measured
	Configured
	Reported
	Measured
	Configured
	Reported

	6
	Assume 100%
	Configured at < 23 dBm
	Assume 1
	Configured
	Configured
	Assume 50%



In this table, parameters of the equation are categorized as “measured,” “configured,” “assumed,” or “reported.”  Parameters that are “measured” are considered to be known.  For example, the duty cycle can be measured over a period of time and therefore known.  The SAR ratio can be known as well based on design or measurement.  Of course, the measured parameters are also subject to error (sometimes large error rendering them no better than estimated parameters), but the error in measured parameters is ignored in the performance evaluation.  Parameters that are “configured” are for example set by the network and may represent a bound.  For example, a duty cycle that is configured might be based on the TDD UL/DL configuration set by the network.  It represents an upper bound on transmit duty cycle since those UL slots are the only ones available for scheduling.  Similarly, configured PLTE or PNR represents the maximum output power that the UE can transmit within the cell group.  The difference between “configured” and “measured” is that the configured value is established ahead of time before traffic and network conditions are known and therefore only represents the bound.  The “measured” value represents the actual performance, for example, actual Tx power may be lower than the configured PLTE or PNR.  Parameters that are “assumed” are inherent in the calculation.  Assumed values may be inaccurate not corresponding to the actual value of the parameter.  For example, the calculation for option 1 assumes a SARratio of 1 that may not reflect the actual antenna design but the value is assumed in the absence of any other information.
Example scenarios
Seven example scenarios are evaluated below to illustrate the behavior of each option when information is imperfect.  Errors in assumptions or estimates cause various options to either underestimate or overestimate the actual activity factor as described below.
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Options 1 to 6 are evaluated under a number of different scenarios shown above.  Scenarios 1 – 5 are not valid for Option 6 since Option 6 restricts the maximum FDD power level to less than 23 dBm but without restricting any uplink duty cycling on FDD.  The computed duty cycle is shown for each option, while the actual “activity” is shown highlighted in yellow.  Assuming a reported 50% duty cycle, if the activity exceeds 50%, then it can be interpreted that SAR may not be met under those conditions.  On the other hand, if the computed duty cycles exceed 50%, then it is interpreted that the UE must fall back to PC3.  The actual activity and computed duty cycle may not be the same since the computed duty cycle is based on assumed or configured parameters as described above. 
Scenario 1:  The SAR ratio of 1.5 is not accounted for by option 1 and therefore underestimates the activity and maintains PC2.  The actual activity, however, implies that SAR cannot be met so P-MPR will be taken.  Options 2 – 5 correctly estimate that the activity is too high and therefore fall back to PC3.
Scenario 2:  The SAR ratio is not accounted for by option 1, but since the ratio in this case is lower than 1, the option 1 overestimates the activity.  Nonetheless the duty cycle calculated is 50% so fall back does not occur.  The only detriment is that the calculation might lead the basestation to schedule less uplink than could actually have been accommodated.  Options 2 – 5 correctly estimate the activity since they do take into account SAR ratio.
Scenario 3:  For this scenario, the actual Tx output powers are lower than the power class implies.  Since all options assume maximum output power, they all overestimate the activity.  Options 2 – 5 unnecessarily trigger a fallback to PC3.  However, since the actual output powers are anyways 20 dBm, fallback to PC3 does not necessarily reduce uplink power in this scenario.  However, since it is unclear when and how a UE that has fallen back to PC3 will eventually promote back to PC2, unnecessary fallback is still preferred to be avoided if possible.
Scenario 4:  In this scenario where the scheduled duty cycle for FDD is lower than configured, Option 3 overestimates the activity and triggers fallback to PC3.  
Scenario 5:  In this scenario where the scheduled duty cycle for TDD is lower than configured, Option 3 overestimates the activity and triggers fallback to PC3.
Scenario 6: The FDD maximum transmit power is permanently reduced by 1 dB to 22 dBm allowing for TDD transmission with 40% duty cycle up to 20.1 dBm.  In this scenario, the activity is 50% suggesting that SAR can be met without fallback, but Option2 and Option6 which are based on the TDD configured duty cycle trigger fallback to PC3.
Scenario 7:  The scenario is similar to that of Scenario 6, but with a slightly different tradeoff between LTE FDD maximum power and NR TDD maximum power.
In each of these example scenarios, there are options that perform well and options that either underestimate or overestimate the activity and the need to reduce output power to meet SAR.  It is difficult to draw a generalized conclusion from the above since there are scenarios where each option may perform differently.  In general, however, it is suggested that a solution which incorporates both duty cycle reporting (and therefore network assisted scheduling may be available) and UE-autonomous P-MPR is optimal.  In this case, it is preferable to underestimate the activity so that the UE does not unnecessarily fallback to PC3.  For a UE that is not able to support a robust P-MPR mechanism to ensure SAR, then it may be preferable to overestimate the activity to ensure that PC3 fallback is available.
Observation:  For a UE that includes the capability for autonomous P-MPR, underestimating the transmit activity may be preferable to minimize unnecessary PC3 fallback.  For a less capable UE that is not able to include a robust P-MPR, overestimating the transmit activity may be preferable to utilize PC3 fallback in lieu of P-MPR.
Observation:  The duty threshold, if reported as capability, can be used to effectively bias the estimate either upwards or downwards.
Reporting of the SAR ratio has been suggested in Option 4 and 5, while the SAR ratio is inherently included in Option 2 and 3.  Unfortunately, it is difficult to accurate assess and report the SAR ratio between antennas.  
However, in fact it is very hard to determine the exact value for the weighting factor F since SAR test is very complicated and affected by various factors. Furthermore, since there may be not only one transmission antenna for one band, which may require switching between different antennas or simultaneous transmission in two antennas, how to consider the SAR effects for these cases become more complicated and need to be further studied. In addition, above conclusion is based on the the human head SAR test mode, if other SAR test mode such as body flat SAR test mode is considered, it could be very different. [4]
Due to the difficulty in assessing the SAR ratio, it is likely that any reported value will have limited value.  For example, it is likely that most UE’s will report a value of 1 indicating that both antenna systems for FDD and TDD contribute equally to SAR.  If there is mismatch, then due to inaccuracy of measurement, then it is also likely that the reported value will be near to 1.  If the reported value is near to 1, then the impact on overall activity factor will be small.  If the actual mismatch between antenna systems is large, then the device is effectively dominated by one of the antenna systems, FDD or TDD, for which a SAR solution must be found for standalone operation for any band that shares the antenna.  In other words, for large mismatch from one antenna system a SAR solution must be found irrespective of FDD-TDD EN-DC.
Observation:  Direct reporting of SAR ratio may be of limited practical value.
Option 6 proposes to permanently reduce the FDD maximum Tx power [5] thereby reserving EN-DC power for the TDD cell group to transmit.  Additionally, the transmit power of the TDD cell group can be increased above the power allowed by summing maximum output powers from FDD and TDD cell groups due to the uplink duty cycle in TDD being less than 100%.  
The first aspect of this option is to limit the power available in the FDD cell group by setting PLTE with a purpose of reserving power for transmission in the TDD cell group.  One disadvantage of reserving power is that the cell coverage in the PCC is reduced due to this reduction in maximum output power.  This reduction is always enforced regardless of any eventual transmission (or even lack thereof) in the NR cell group.  In other words, the uplink power is permanently reduced in the E-UTRA cell group when configured for EN-DC even in the event that there is no uplink transmission in the NR cell group.  Nonetheless, this aspect of limiting power in the E-UTRA cell group is already available in the specification by PLTE should the network decide to utilize such a strategy.  No change to the specification is required.
Observation:  Reducing FDD transmit power negatively impacts the PCell coverage.  If desired nonetheless, the reduction of FDD transmit power by configuring PLTE is already available; no specification changes are required.
The second aspect of option 6 is to redefine the output power of the UE to normalize it by its uplink duty cycle when averaged over a period spanning multiple ON/OFF cycles.  The effect is that the instantaneous transmission power (i.e., the transmitted power during any ON cycle) is increased and therefore cell coverage increased, but the average power when averaged over multiple ON/OFF cycles meets the conventional specified power level.  However, redefining output power also implicates such requirements as ACLR, SEM, spurious emissions, EVM, etc.  By similar reasoning, these definitions should also be normalized over multiple ON/OFF cycles since they relate to transmit power.  MPR and A-MPR may also be impacted since these have not been computed for the higher instantaneous transmission powers now available.  However, many of these transmitter requirements such as ACLR, SEM, EVM, and spurious emissions reflect coexistence conditions and regulatory requirements, as does instantaneous output power itself.  Modifying the definition to exploit time averaging may affect the coexistence conditions and may violate regulatory rules.
Observation:  Redefining output power to normalize by uplink duty cycle and exploit time averaging may have consequences to other transmitter requirements, coexistence assumptions, and regulatory compliance.
Based on the above observations, our preference is for a capability signaling solution that directly reports duty threshold, that does not report SAR ratio, and that does not redefine output power by time averaging over duty cycle.  Finally, a simpler solution yet with enough flexibility especially for initial FDD-TDD EN-DC specification is more likely to be successfully implemented in the field.  Therefore, our suggestion is to adopt Option 1.
Proposal:  Adopt Option 1 for capability signaling.
Conclusion
Six options were considered for UE capability signaling to assist in managing SAR for FDD-TDD PC2 EN-DC according to [1].  The capability signaling is intended to support a network-assisted approach to managing SAR as well as to provide a threshold for PC3 fallback, in conjunction with UE autonomous techniques such as P-MPR.  Each option was simplistically modeled and evaluated in a number of scenarios where the estimated, configured, or assumed parameters may differ from actual values for the scenario.  The activity factor from each option was then computed to indicate whether the option might overestimate or underestimate the activity.  It was observed that underestimation or overestimation might be preferable depending upon the ability of the UE to also utilize a robust autonomous P-MPR technique to address SAR, and that reporting the duty threshold directly provides the means to bias the estimation one way or the other.  A proposal to average output power to take advantage of duty cycling was also evaluated, but not recommended due to potential impact to other Tx requirements, coexistence, and regulatory compliance.  Finally, option 1 is identified as the preferred solution.
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Reported/assumedActual Reported/assumedActual Reported/assumedActual Reported/assumedActual Reported/assumedActual Reported/assumedActual Reported/assumedActual

P_ENDC (dBm) 26 26 26 26 26 26 26 26 26 26 26 26 26 26

FDD Tx duty cycle 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.25 0.5 0.5 1 1 1 1

FDD Tx power (dBm) 23 23 23 23 23 20 23 23 23 23 22 22 21 21

TDD Tx duty cycle 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.25 0.5 0.4 0.5 0.4

TDD Tx power (dBm) 23 23 23 23 23 20 23 23 23 23 22.1 22.1 22.6 22.6

SAR Ratio 1 1.5 1 0.75 1 1.5 1 1.5 1 1.5 1 1.5 1 1.5

LTE activity 0.250594 0.250594 0.125594 0.125297 0.250594 0.398107 0.316228

NR weighted activity 0.37589 0.187945 0.188391 0.37589 0.187945 0.244428 0.274253

Total weighted activity 0.626484 0.438539 0.313986 0.501187 0.438539 0.642535 0.590481

Option 1 0.501187 0.501187 0.501187 0.37589 0.37589 0.561059 0.499063

Option 2 0.626484 0.438539 0.626484 0.501187 0.626484 0.703642 0.659044

Option 3 0.626484 0.438539 0.626484 0.626484 0.438539 0.642535 0.590481

Option 4 0.626484 0.438539 0.626484 0.501187 0.438539 0.642535 0.590481

Option 5 0.626484 0.438539 0.626484 0.501187 0.438539 0.642535 0.590481

Option 6 0.751781 0.751781 0.751781 0.751781 0.751781 0.601797 0.544772

Scenario 1 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 2


