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Introduction
Six options for reporting of FDD-TDD have been discussed.  This contribution compares options 1, 3, 5, and 6 and suggests to select option 1 at the conclusion of the study item.
Discussion
In [1] six options for UE capability reporting with respect to transmit duty cycle were provided for down-selection.  During RAN4 #92bis as documented in [2], it was agreed that among options 1, 3, and 5, one of these should be further down-selected to include in the TR.  The selection criteria should include specification impact, BS and UE implementation, and flexibility.  Furthermore, whether option 6 in addition to one of the options 1, 3, or 5 could be included in the TR is subject to further discussion due to open issues.
Firstly, the options 1 – 5 all reflect a UE reporting mechanism based on the following equation
DutyLTE*(PLTE/ P26) + SARratio*DutyNR*(PNR/ P26) ≤ Duty threshold…
where PLTE, PNR, P26 represent the maximum linear power (mW) of LTE, NR, and EN-DC power class 2 respectively; DutyLTE, DutyNR represent the normalized uplink duty cycle of LTE and NR respectively, and SARratio represents the contribution of the TDD cell group towards composite SAR compared to the FDD cell group.
Option 1 reports Duty threshold as the UE capability, while Option 3 reports the DutyNR for one or more fixed values of DutyLTE, and Option 5 reports SARratio and Duty threshold independently. 
These three options are compared below.  
Option 1.  From the network perspective, SARratio is assumed to be 1.  DutyLTE and DutyNR are as configured or scheduled by the network under the constraint that activity is less than the reported duty threshold.  From the UE perspective, the reported duty threshold is increased or decreased from a nominal value to account for SARratio different from one.
Option 3:  From the network perspective, DutyLTE is known based on the LTE CG’s UL/DL configuration if a TDMpattern is configured or by scheduling if TDMpattern is not configured, while DutyNR is reported.  The scheduler should abide by the DutyNR constraint; in other words, if the UE reports a maximum DutyNR, the network should at minimum configure or schedule the UE UL symbols in the NR CG to be below the reported capability.  If the DutyLTE is configured for a different value, then either a different DutyNR is reported in case multiple values are reported or the network should apply the same reported DutyNR constraint in spite of DutyLTE being different from that assumed in the capability report.  From the UE perspective, the reported value(s) of DutyNR can be increased or decreased from nominal value to account for SARratio.
Option 3 is potentially the simplest in the event that only one or small number of fixed values for DutyLTE are allowed.  However, since LTE duty cycle can be based either on TDMpattern configuration or by scheduling, the possibility that DutyLTE is restricted to a small number of value is unlikely.  Therefore, performance is expected to suffer when DutyNR is reported against an assumed DutyLTE that is incorrect.  In the event that multiple DutyNR values are reported for a larger range of DutyLTE, then the complexity of this approach increases and its simplicity advantage is lost.
Option 5:  Option 5 includes direct reporting rather than incorporating SARratio into DutyNR so potentially provides a more accurate view since the two can be reported independently.  From the network perspective, in theory it is possible to take SARratio into consideration as it provides information on the relative contribution to SAR from each cell group.  This provides additional information to the network in scheduling of LTE duty cycle compared to NR duty cycle to meet the overall reported Duty threshold.
Option 5 has the potential to provide more information to the network about the UE capability since two parameters are independently signaled.  However, the additional information is only helpful if it is accurate.  Specifically, it has already been stated in [3] that estimation of SARratio is difficult to assess and subject to unreliability.  Given that the information is unreliable, reporting it does not provide any advantage and in fact, may be detrimental.  
Option 6:  For option 6, it is proposed that the FDD cell group duty cycle is maintained at 100% so no TDMpattern configuration, but that instead its maximum power is permanently reduced from its power class by signaling of PLTE.  However, option 6 does not include any UE capability reporting.  Therefore, there is no information that is possible to be conveyed from the UE to the network on the UE’s capability to meet SAR.  Instead, the network must make an assumption that applies to all UE’s in the cell in its scheduling, perhaps a lowest common denominator type assumption.  For example, it is described in [4] that the EN-DC maximum transmit power can be scaled to a generic value of the EN-DC power class without taking into consideration the UE SAR design, following a similar approach that a generic 50% duty cycle can apply to PC2 regardless of the actual UE design.  Since it is only the UE that has knowledge of its SAR design, the UE must report this capability to the network to be able to achieve better system performance than least common denominator driven performance. Following this generic approach does not allow for improved performance (PLTE will be limited in the LTE CG and UL duty cycle configured in the NR CG) since the only possible measure of improvement is power transmitted on the NR TDD CG when time averaged over the duty cycle.  However, since the NR CG is the SCG, sacrificing power in a permanent manner on the PCG to enable potentially higher transmit power in the SCG will not improve overall EN-DC performance especially for the majority of UE’s away from the cell center.  On the other hand, options 1 – 5 with capability signaling enable scheduling in both CG’s without restricting power and range while staying within the UE’s SAR design envelope.
Another aspect of option 6 is to redefine the TDD maximum output power by averaging over multiple duty cycles to enable a higher instantaneous transmission power.  As indicated in [5], this represents a reinterpretation of maximum output power for a non-contiguous transmission with potentially implications beyond FDD-TDD EN-DC.  Maximum output power has never been conceived of as an average over a period with transmission duty cycle.  If this definition were to be adopted here, it could be reasoned to follow a similar approach to all maximum output power measurements including SA FDD and TDD.  But this is not the approach that has been followed by the specifications so far.
However, it is still possible to remove the time averaged power definition and insert the aspect of UE capability reporting into Option 6 to make it more directly comparable to Options 1 – 5.  With the general equation
DutyLTE*(PLTE/ P26) + SARratio*DutyNR*(PNR/ P26) ≤ Duty threshold
Option 6 can be represented by DutyLTE = 100% and PLTE according to the permanently reduced value signaled by the network.  Both of these are known to both the UE and the network.  The UE can then signal either DutyNR (similar to option 3) or Duty threshold (similar to option 1).  The disadvantage of this approach, relative to options 1 and 3, are that the FDD power is permanently reduced, leaving more power as intended for NR TDD, but at the cost of degrading the PCG uplink link budget which is an undesirable tradeoff for EN-DC.
[bookmark: _GoBack]Comparing all options 1, 3, 5, and 6, it is suggested to adopt Option 1 at the conclusion of the study item.  Option 3 can also be further considered, but options 5 and 6 should be disregarded.
Conclusion
Options 1 – 5 are based on the same general equation that relates uplink activity to an overall duty cycle threshold.  Between options 1, 3, and 5, the difference is what is reported to the network as the UE capability in meeting SAR.  The most general form is option 1 where the duty threshold is reported and may be increased or decreased to account for a SARratio between CG’s if such information is available.  Option 3 is simplest since it relies on a fixed LTE Tx duty cycle and reports a corresponding NR duty capability.  However, the simplicity in option 3 is lost when multiple LTE Tx duty cycles need to be accounted for.  Option 5 reports both SARratio and Duty threshold and therefore has potential to provide the most information to the network about the UE capability.  However, given that SARratio is difficult to accurately estimate, there may actually be more harm in reporting it incorrectly than not reporting it at all.  Finally, Option 6 permanently reduces uplink power the PCG to reserve uplink power for the SCG.  Unfortunately, by doing this, the uplink coverage on the PCG is sacrificed even if there is no transmission on the SCG.  The reserved power is simply lost.  Moreover, there is no UE capability signaling for Option 6 so the network cannot take into consideration the UE’s design and SAR capability.  Since it is only the UE that can be aware of its SAR capability, not allowing for feedback from the UE necessarily leads to an inferior solution.  In the end after evaluating all options, it is proposed that Option 1 is selected at the conclusion of the SI.
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