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1. Introduction
RAN4 requirements for intra-band EN-DC maximum configured output power have not yet been agreed.  This contribution provides a comparison between two company CR’s that have been presented to finalize these requirements for Rel-15.
2. Discussion

Despite lengthy discussion on the topic of configured maximum output power for intra-band EN-DC, as well as email approval with the deadline extended multiple times, RAN4 has not been able to converge to an agreement.  At present, two sets of CR’s are available for discussion [1], [2] and [3], [4].  Both of these CR packages are borne out of a compromise way forward that was agreed only in the final hours of RAN4 #89 [5].
The key differences between the two CR packages are as follows

1. NR scaling is specified in 38.213 in power control vs. in 38.101-3 in A-MPR

2. Requirements on NR scaling are defined only at PCMAX vs. at actual LTE Tx power 

3. Dropping of NR is only allowed at power scaling vs. allowed at power scaling and A-MPR if scaling exceeds X_scale 

4. PSD difference of 6 dB is tentative (square bracket in clause as well as the value) vs. is allowed but the value itself is tentative

5. Dropping due to PSD difference of 6 dB is only allowed on PUMAX,c NR, but not to PCMAX_ENDC
6. Type 2 UE is subject to [image: image2.png]


 but not possible since a type 2 cannot know total power across radios
7. Evaluation period for NR is over an NR slot vs. over the duration of the physical channel

8. An additional requirement for PUMAX of NR for non-overlapping slots vs. additional requirement only in overlapping slots

Each difference is discussed below in detail.
1. It is understood that in the case of overlapping transmission and power deficiency, the NR transmission power is to be scaled.  According to an approach that was agreed in the compromise, a total EN-DC transmission power is computed based on the sum of the lower bound of configured maximum output power of each cell group after taking into account the A-MPR required on each cell group to meet emissions.  To meet emissions, it was agreed in compromise that the total EN-DC transmission power should be preserved irrespective of the allocation of this total power to each cell group.  This idea is encapsulated differently between the two CR’s.  In [3], the preservation of total power is implemented by setting a lower bound on PEN-DC,tot to include A-MPRtot and applying this lower bound as the limit in the RAN1 power sharing equation.  Since PEN-DC,tot is within a range in [3], the value itself to be used in RAN1 power sharing could be known internally to the UE but would not be externally observable.  On the other hand, the approach used in [1] is to enforce the preservation of total power by using it as the criterion to compute the allowed A-MPR backoff for the SCG recalling that in both approaches, only SCG power can be adjusted in power sharing.  By adjusting the A-MPR in the SCG, the lower bound of the configured maximum output power for the power scaling of SCG necessary to meet emissions is fully captured in RAN4 specifications since this aspect was not necessarily conceived of to be part of the power sharing in RAN1 and emissions conformance is within responsibility of RAN4.  In addition for power sharing purposes, the value PEN-DC,tot is unique and maps directly to the RAN1 specification.  Finally, by adjusting the A-MPR directly rather than implementing scaling in the power sharing, the PHR for the SCG more accurately reflects the headroom condition for the SCG.
2. In [3] the RAN4 requirements on power sharing are implemented in configured maximum output power limits.  The configured maximum output power limits are only applicable at maximum output power.  On the other hand, in [1] the power sharing is implemented as a function of the configured transmit power for the MCG from which A-MPR RAN4 requirements are defined.  The maximum output power of the SCG is a function of the configured transmit power of the MCG, not only at maximum power but for all power controlled MCG transmission powers.  The approach in [3] does not define RAN4 performance requirements but instead defers to RAN1 requirement on power sharing that only provides an upper bound, but no lower bound, on the total power.
3. Power scaling is implemented as a single consolidated power sharing function in [3] whereas in [1] it is distributed between scaling for emissions in A-MPR and scaling to meet total EN-DC power in power sharing.  The notion of RRC signaling of an X_scale parameter from the network was agreed in [6] but only applicable to inter-band EN-DC.  The idea behind X_scale is that if the UE is required to scale NR beyond a given threshold, that the UE would be allowed to drop NR.  The threshold for which the UE would be allowed to drop NR rather than scale is configured by the network.  One allowed value for X_scale as agreed in [6] is 0 dB which if chosen to be signaled indicates that the UE is not compelled to scale but may drop in the case of power deficiency.  Naturally, the dropping is not mandatory behavior – it is an allowance and the extent of scaling vs. dropping beyond the signaled threshold is left to UE implementation.  Given this understanding of the usage of X_scale, and since [1] includes scaling by adjusting SCG A-MPR, then the application of X_scale should be included there.  The application of X_scale is included in the subsequent scaling in power sharing, as also found in [3] since SCG power scaling may also occur there.  The allowance to drop where potential scaling is large has always been a part of any agreement, whether that allowance is in order to meet emissions or to conform to maximum total power bounds.
4. One of the fundamental elements of the compromise in [5] is that a large difference in power spectral density between the simultaneous transmission on MCG and SCG is grounds for allowing the SCG transmission to be dropped.  It was demonstrated in [7] that the presumption of maintaining total power as being sufficient to meet emissions is not valid when the PSD difference between the two transmissions is large, in spite of additional margins (stated to be 3 or 4 dB after the addition of 1 dB in offline discussion but not documented in any RAN4 contribution) inherent in the A-MPR specifications for the currently specified EN-DC combinations.  Therefore, the compromise way forward included the following provision
· Check the configured power PSD difference between the two carriers.  If the difference is larger than [6] dB, SCG A-MPR is infinite
This provision was not added tentatively or conditionally.  In recognition that only limited study had been done, particularly for the case of dual PA, the value of 6 dB was agreed as tentative.  However, the provision that a PSD difference is a condition for setting A-MPR to infinity is not tentative in this agreement, nor should it be in the CR.
5. In [3], the SCG transmission is allowed to be dropped if the PSD difference between the MCG and SCG is larger than [6] dB (this whole condition being in square bracket).  However, the allowance for dropping the SCG under this condition is only reflected in the supplementary measured configured maximum output power for the SCG where the lower bound is unspecified (presumed to be negative infinity).  However, the lower bound of EN-DC configured maximum output power does not reflect this allowance.  In [1], the allowance for dropping is directly reflected in EN-DC configured maximum output power lower bound but not in the supplementary measured configured maximum output power for the SCG.  Therefore, it appears that both CR’s [1] and [3] may be omitting the dropping allowance each in different places.
6. For a UE that does not support dynamic power sharing, it is understood that little to no timely communication is possible between the modems servicing the MCG and the SCG.  The two modems are largely independent from one another.  As such, the MCG should not be assumed to have any knowledge of the presence or the real-time characteristics of transmission on the SCG and vice versa.  Yet, it is specified in [3] that the UE not supporting dynamic power sharing can configure its configured maximum output power.  To configure its total configured maximum output power requires that the modem have real-time knowledge of the transmission power on both the SCG and the MCG.  In fact, it is already specified by RAN1 that a UE not supporting dynamic power sharing yet configured such that 
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can assume that it will be configured with reference TDD configuration so that by network configuration, its total power will never exceed either 
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or the larger of 
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(assuming that these per-cell group maximum power limits themselves are not configured to be larger than the limit on total EN-DC power!).  The point is that it is entirely by network configuration that the UE not supporting dynamic power sharing limits power below 
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.  There is nothing that the UE can do to configure itself to meet this limit unless it autonomously disregards network configuration and internally sets limits individually per cell group when configured for EN-DC.  Since it is not the intention that the UE disregard network configuration, then having a condition or requirement on EN-DC total power for the UE that does not support dynamic power sharing is not possible.  The CR in [1] removes this errant condition.  
7. The fundamental time unit in [3] is indicated as a slot, whereas in [1] it is indicated as the length of the physical channel as already agreed for inter-band EN-DC.  Since the transmission power on the MCG or SCG is constant within the length of the physical channel, the duration of the physical channel is the correct notation rather than slot.
8. In [3] a supplementary requirement on the measured configured maximum output power for the SCG is added, analogous to the same requirement agreed for inter-band EN-DC.  The motivation for this additional requirement was a concern that the presence or absence of an SCG transmission could not be unambiguously determined by observing only the total transmission power due to large tolerances dependent on the transmission power.  Therefore, it was agreed to add a supplemental requirement to observe only the SCG transmission and to require that its measured configured maximum output power is within upper and lower bounds specified for the SCG.  However, this supplemental requirement is also added for the case where there is no overlapping transmissions; i.e., in the case where only the SCG is configured for transmission in the observation period.  If it is only the SCG that is transmitting, then there is no ambiguity in trying to resolve whether the SCG is dropped or transmitted by observing the total power, since the total power is the SCG power.  Thus, the supplementary requirement is unnecessary, and the total power measurement suffices.  In [1], the requirement on SCG measured configured maximum output power therefore only applies when there is overlapping transmission; it is not applied when there is only single transmission configured.
3. Conclusion

This contribution provides a comparison between two CR’s that implement the agreements in a compromise way forward to finalize intra-band EN-DC Pcmax requirements.  It is recommended that the CR’s in [1] and [2] are agreed.
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