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1. Introduction

A discrepancy between RAN1 and RAN4 exists with regard to power sharing.  In RAN1, the agreement is that when power sharing is required in an EN-DC configuration, the transmit power for LTE is prioritized such that NR carrier must adjust (reduce) its transmit power to fit within maximum power constraints.  On the other hand, in RAN4, the agreement is that power would be reduced equally between LTE and NR.  A way forward in compliance with RAN1 power control specifications is described in this contribution.
2. Discussion

According to uplink power control specifications in sub-clause 7.6.1 of TS 38.213, the UE configured and scheduled for simultaneous transmission in EN-DC shall prioritize power in the LTE transmission.  In fact, the transmission power for LTE is determined according to TS 36.101 using PLTE as it maximum output power.  In other words, the transmission power for LTE is determined without any regard to NR as if LTE were standalone, subject to the constraint that its maximum output power is limited to PLTE.  Separately, NR power can be adjusted in the event that there is an overlap in transmission between LTE and NR and that the power would exceed PTotalEN-DC.

On the other hand, it was recently agreed in RAN4 [1],[2] that for the purpose of MPR and A-MPR, the power should be jointly and equally adjusted on each carrier.  The motivation for this agreement is that reducing power only on the NR carrier may lead to a larger power reduction requirement for some carrier configurations than reducing power equally on both carriers.  Despite such motivation, the RAN4 agreed approach is in violation of the RAN1 specifications captured in 38.213 and cannot be adhered to.
Note that the above power sharing rules do not apply to UE’s operating in TDM (SUO) mode, when there is no actual overlap in transmission, or in the case where the linear sum of PLTE and PNR is less than or equal to PEN-DC.  In all of those cases, power sharing is not necessary and the MPR and A-MPR for each carrier are individually determined based on their single carrier values.  

However, for other EN-DC cases where power is shared, the MPR and A-MPR definitions must take into account the RAN1 agreements.  Hence, reducing power equally on each carrier is not a valid approach.  Instead, the following approach for MPR and A-MPR should be applied
1. LTE power backoff.  The MPR/A-MPR for the LTE carrier is determined based on single carrier definitions in 36.101, subject to a maximum output power limitation of PLTE.  For the purpose of later determining NR MPR/A-MPR, it is proposed that PLTE = 20 dBm is assumed for EN-DC power class 3, and PLTE = 23 dBm is assumed for EN-DC power class 2.  The downside of this assumption is that derived results are only valid for this case.  If the network configures different values for PLTE and PNR (for example, 22 dBm + 16 dBm = 23 dBm), then the derived requirements do not apply.

2. NR power backoff

a. For a UE that indicates dynamic power sharing capability between LTE and NR, the determination of NR MPR/A-MPR then follows by optimizing the power backoff as a function of the LTE RB allocation, the LTE Tx power, and the NR RB allocation.  For the purpose of specification, it is not feasible to define NR backoff as a variable function of LTE Tx power; hence, for this purpose, the LTE Tx power is assumed to be PLTE as described above in step 1.
b. For a UE that does NOT indicate dynamic power sharing capability, the determination of NR MPR/A-MPR is based on a worst case assumption in the LTE allocation.  In other words, the NR MPR/A-MPR is maximum power backoff conditioned on the given NR allocation across all LTE allocations.  For the purpose of specifying the maximum power backoff for NR, the LTE Tx power is assumed to be PLTE.  
c. In all cases where there is conflict between LTE and NR transmissions where NR power reduction is required, the UE is free to drop the NR carrier entirely.

2.1. Way forward
The above recipe for MPR/A-MPR determination implies the following way forward
· Equal power backoff and equal PSD assumptions in [1] and [2] are invalid.

· Power backoff for the LTE carrier in an EN-DC combination simply references the LTE definition in 36.101.  No additional work is needed.

· Power backoff for the NR carrier needs to be evaluated.  

· For inter-band EN-DC (LTE and NR in different bands), the power backoff for the NR carrier is expected to be the same as that for single carrier (or possibly NR CA) defined in 38.101-1 or 38.101-2.  Exceptions to this may occur for EN-DC combinations where there is interaction between the carriers in separate bands; for example, if isolation is found to be poor such that the transmitter in one band negatively impacts the receiver in the other band, or if it is found that IM products generated between the two carriers in separate bands fall into Rx bands, etc.  However, in these cases, the solution can be MSD rather than a Tx power reduction or the prohibition of simultaneous Tx-Rx.
· For intra-band EN-DC, there is an interaction between the LTE and NR carriers so the power backoff for the NR carrier will need to be studied as described in the above procedure.  Results in accordance with equal power backoff agreements in [1] and [2] are not valid, but instead should be regenerated.
· In all cases where there is conflict between LTE and NR transmissions where NR power reduction is required, the UE is free to drop the NR carrier entirely.  This behavior can be captured in PCMAX definitions for EN-DC.

Because this discrepancy in RAN4 agreement was discovered at such a late stage in the Rel-15 specification process, it will be nearly impossible to complete MPR and A-MPR for intra-band EN-DC.  Therefore, it is possible that intra-band EN-DC as a feature will not be available until Rel-16.  Given the industry interest in this feature and that a last minute error was discovered, it is proposed that an exception is granted to allow one quarter delay in completing specifications for intra-band EN-DC.
3. Conclusion

A discrepancy between RAN1 specifications and a prior agreement in RAN4 is highlighted.  The RAN1 specifications are described along with an evaluation of their impact to MPR and A-MPR definition for EN-DC in RAN4.  A way forward is presented to describe a method for determining MPR and A-MPR for EN-DC in a manner compliant with RAN1 specifications.  It is also proposed to allow an exception to extend the Rel-15 completion deadline of intra-band EN-DC by one quarter.
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