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1. Introduction
A way forward was agreed to continue studying a solution for intra-band EN-DC power control.  Two of the options are to either retain the existing RAN4 power control design, or to modify the RAN4 design to align with RAN1 design are discussed.  The second option is elaborated in detail.
2. Discussion

For a UE capable of dynamic power sharing, the current A-MPR for intra-band EN-DC defined by RAN4 in 38.101-3 consist of equations where the A-MPR is evaluated as a function of both the LTE and NR allocations.  The A-MPR equations were derived with assumptions of equal backoff on each cell group.  In other words, the current requirements defined by RAN4 require full knowledge of both LTE and NR allocations.  Moreover, the RAN4 requirements are designed to place equal priority between LTE and NR when power sharing is required.  On the other hand, RAN1 EN-DC power control requirements in 38.213 are defined around the basic principle that LTE processing times in EN-DC are the same as in LTE CA and LTE DC while NR processing times are faster.  Furthermore, RAN1 prioritizes LTE by referencing standalone requirements to determine LTE transmit power without any consideration of NR.  NR transmit power is subsequently scaled or its transmission possibly dropped if the remaining power after first computing LTE transmit power is insufficient.  Two options are discussed below both of which assume that intra-band transmit timing is fully synchronized between CG’s so that there will never be partial overlap in the transmissions from each CG.
2.1. Option 1: Existing A-MPR power backoff design

In the way forward [1] from RAN4 #88, both of the above approaches are listed as options.  In proposal 1 of [1], the first option is to maintain RAN4’s current specification for A-MPR.  In other words, A-MPR for both LTE and NR is based on equations in sub-clause 6.2B.3.1.1 for DC_(n)71B, sub-clause 6.2B.3.1.2 for DC_(n)41AA, or sub-clause 6.2B.3.2.1 for DC_41A-n41A in 38.101-3.  This first option acknowledges that the current specification requires knowledge of both LTE and NR allocations and therefore suggests that the requirement would only apply if NR timeline is delayed and/or the UE can support a faster timeline.  Option 1 does not allow any provision for the case where the NR allocation is not known at the time of LTE power calculation; i.e., in the case that NR timeline is not delayed and faster UE processing is not available.  In that case, it is not expected that LTE transmission would be forbidden nor would it make sense for LTE transmit power to be completely undefined without requirement.  Therefore, if option 1 is further pursued, at least this aspect must be resolved.
2.2. Option 2: Modified A-MPR power backoff design

The second option in the way forward is to change the A-MPR power backoff design in RAN4.  One possible solution also listed in [1] is to calculate LTE power backoff according to standalone requirements while NR power backoff is calculated according to the existing RAN4 EN-DC A-MPR equations.  Further scaling and/or dropping of NR is then applied as needed.  This second option is a simplified version of the proposal in [2] and is elaborated in the following.










Each step is described below.

Step 1: Calculate LTE transmit power

LTE MPR and A-MPR are calculated based on the standalone specification in 36.101 to determine PCMAX_LTE.  NR transmission – its allocation or whether it is even scheduled – is not taken into consideration in this first step.  This allows LTE transmission, to the extent possible, to fully comply with eNB power control commands.  This also ensures that in case there is no eventual overlapping NR transmission, no power for LTE will have been sacrificed in reserve for potential NR transmission.  Lastly, this does not require that NR information is available at the time that LTE calculates its transmit power.  Note that LTE transmit power is based on closed loop power control commands from the eNB upper bounded by PCMAX_LTE.  Therefore, particularly for UE’s not at the cell edge, the actual LTE transmit power PTX_LTE is lower than PCMAX_LTE.
Step 2: Calculate tentative NR transmit power
NR MPR and A-MPR are calculated in Step 2.  For example, NR MPR and A-MPR can be calculated based on standalone NR in the same way that LTE power was calculated based on standalone specifications in Step 1.  However, instead in this particular proposal, NR A-MPR is calculated based on the current EN-DC A-MPR equations in sub-clauses 6.2B.3.1.1, 6.2B.3.1.2, or 6.2B.3.2.1.  These equations require knowledge of both LTE and NR allocations which are known by this time.  The A-MPR and therefore the PCMAX_NR_ENDC can be calculated.  At the same time, a PCMAX_LTE_ENDC can also be calculated.
Step 3: Check for fit
In Step 3, the actual transmitted power for LTE calculated in Step 1 (PTX_LTE) is compared against the PCMAX_LTE_ENDC computed in Step 2.  These two quantities may differ for the following reasons.  The actual LTE transmitted power may be smaller than PCMAX for example if the UE is not located at the cell edge.  The LTE transmitted power calculated in the first step did not consider any NR transmissions so may be larger than the PCMAX_LTE_ENDC calculated in Step 2.  Therefore, the two quantities are compared in this step.  If the actual LTE transmitted power is smaller than PCMAX_LTE_ENDC, then it is recognized that there is sufficient power remaining to transmit NR at a power level up to PCMAX_NR_ENDC or possibly even higher.  If the actual LTE transmitted power is greater than PCMAX_LTE_ENDC, then there may not be sufficient remaining power to transmit NR with power as high as PCMAX_NR_ENDC.
If sufficient power to transmit NR remains, then another check on the PSD delta (or power delta for Band 41/n41) should be done.  Since the A-MPR values were derived assuming equal PSD (or equal power for Band 41/n41), then the validity of the assumption should be checked.  If the PSD difference between the transmitters on each cell group is within TBD, then NR can be transmitted.  Otherwise, NR should be dropped.
Step 4a:  Transmit NR
If sufficient power is remaining and the PSD difference is small, then NR can be transmitted at its calculated transmit power from Step 2, PTX_NR.

Step 4b:  Scale and/or allow dropping of NR

In this state, there may not be sufficient power to transmit NR with power as high as PCMAX_NR_ENDC.  Two alternatives are to allow the UE to drop the NR transmission or to mandate the UE to transmit NR but with scaled/reduced transmission power.  A similar discussion is also taking place for inter-band EN-DC [3].  However, the case for intra-band EN-DC is different as there is a strong correlation between the two transmitters.  In fact, the relationship between the powers of the two transmitters is not straightforward as demonstrated in the next section and it is therefore infeasible to calculate the amount of power scaling needed for NR.  Consequently, it is proposed that in this state, the UE is allowed to drop NR.  Power scaling or filling, which may not be particularly beneficial, instead of dropping may be left as a UE implementation detail provided that emissions are guaranteed to be met.
2.2.1. Scaling NR power

In Step 4b of the algorithm, power scaling of NR is considered.  The need for power scaling arises when the power of the LTE transmission is higher than what is allowed by PCMAX_LTE_ENDC as calculated by the EN-DC A-MPR tables.  











In theory, it may be possible to scale/reduce the power of the NR transmission to accommodate the condition that the actual LTE power is higher than allowed for by EN-DC A-MPR.  The challenge, however, is to quantify the amount of power scaling needed.  For inter-band EN-DC, this calculation is straightforward since the only relationship between the power of the two cell groups is that their sum must not exceed the minimum between PPowerClass, ENDC and PEMAX, ENDC.  For intra-band EN-DC, however, there is a much stronger correlation between the allowable powers of the two transmitters.  Not only is their sum bounded in the same way as for inter-band EN-DC, but there is an additional dependency between the two Tx chains because of the generation of intermodulation products either by forward or reverse coupling between the PA’s.  In order to meet emission requirements, A-MPR and (PCMAX_LTE_ENDC, PCMAX_NR_ENDC) were defined but only for one condition; namely, equal PSD (or equal power in the case of EN-DC in Band 41/n41).  Therefore, while there may be other (PCMAX_LTE_ENDC, PCMAX_NR_ENDC) power limits that can apply, including one with higher LTE transmit power and reduced NR transmit power, those limits and values are not known.  Therefore, the amount of power scaling needed for the NR transmitter is unknown.  It was proposed in [2] to define three sets of (PCMAX_LTE_ENDC, PCMAX_NR_ENDC) power limits to give more flexibility in scaling rather than allowed dropping of NR, however, the additional complexity in the specification was deemed to be infeasible.
Another aspect related to scaling of NR is whether the resultant scaled transmission is still useful.  If large power scaling is needed for NR, the available transmission power for NR will not comply with gNB power control request and the NR transmission will be too weak to be correctly received at the basestation.  Therefore, if the UE were to transmit at reduced power, the packet would not be received but the UE would needlessly burn power and generate additional intra-cell interference for no benefit.

For these reasons, allowing the UE to drop the NR transmission in the power limited case is proposed.
3. Conclusion

An option for intra-band EN-DC power control to align with RAN1 design is presented.  This option uses existing A-MPR tables either for standalone LTE specifications or the ones already created for EN-DC.  Conditions are described where the values from these tables are applicable so that both LTE and NR can be transmitted at the requested power levels.  Where conditions cannot be met, then it is proposed that the NR transmission is allowed to be dropped since for intra-band EN-DC where there is strong correlation between the transmitters in each CG, the calculation of remaining power is in general too complex to be specified.
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