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1 Introduction

Power control for multi-cell transmissions has so far primarily focused on LTE-NR DC and there was little discussion on power control for CA or for NR-NR DC. Regarding LTE-NR DC, the following was agreed in RAN1#90.

Agreements:
· At least for LTE-NR NSA operation

· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately

· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 

· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax

· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.

· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.

· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 

· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation

· For LTE, no change in power control procedure

· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE

· The following is FFS

· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)
This contribution considers UL power control for CA and the FFS aspects for UL power control for LTE-NR DC. 
2 Power Sharing Considerations
In general, power sharing is possible for regardless of the waveform used in different cells and can be extended to power sharing for CA (e.g. PUCCH/PUSCH transmissions on some cells can use DFT-S-OFDM while PUSCH transmissions on other cells can use CP-OFDM) and power sharing for DC of NR gNBs. 
Unlike LTE carriers, NR carriers can use practically arbitrary scheduling durations and synchronous transmissions from a UE on different cells are less likely to materialize (it is noted that this is also the case when cells use same numerology – i.e. using different numerologies in different cells is not a necessary condition). For example, at one extreme, power control can be as in LTE CA in case of synchronous PUSCH/PUCCH transmissions with same durations on all cells while at the other extreme power control can be as in LTE DC PCM2 in case of PUSCH/PUCCH transmissions with different durations (even when there is symbol-based or slot-based alignment). In fact, power control in NR CA can potentially become more complex than LTE DC PCM2 when there are more than 2 cells with arbitrary PUSCH/PUCCH transmission durations as the overall operation then resembles multi-node connectivity. 

Given the limited time for NR Phase 1 completion, support for power control in CA needs to be limited to specific and simple scenarios that can leverage on LTE operation and result to fast specifications while more complex scenarios and respective power sharing optimizations can be addressed at a later time. One scenario can consider same operation as LTE CA. This implies synchronous transmissions with same durations on all cells. The power control mechanisms can be directly inherited from LTE, possibly with some NR-specific optimizations potentially being considered. Another scenario can consider power control as agreed for LTE-NR DC (or, possibly, as for LTE DC PCM2 but this may require more time for completion). This allows for transmissions with different durations in two groups of cells (regardless of the use of same or different numerology). In that case, UL cells are grouped into two cell groups (this is also already agreed for PUCCH transmissions) with one cell group serving as MCG and the other as SCG (and the first scenario applies for MCG cells or for SCG cells). 
Proposal 1: Power control for CA in NR Phase 1 supports two operating scenarios. The first is based on LTE CA. The second is based on LTE-NR DC. 

For NR-NR dual connectivity, it would be desirable if a power sharing mechanism allowed for at least as efficient power utilization as in LTE to ensure similar coverage and effectiveness of power utilization. This implies dynamic power sharing based on LTE PCM2 (with PCM1 as a special optimization case) [1]. However, considering again the available time for the completion of NR Phase 1, the NTE-NR power sharing method can be extended to NR-NR power sharing method and more optimized power sharing methods can be considered at a later time. 

Proposal 2: Power control for NR-NR DC in NR Phase 1 re-uses power control for LTE-NR DC. 

One FFS aspect regarding the LTE-NR power sharing mechanism is the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE. In that case, if P_LTE < P_cmax, it can be considered to allow P_LTE to be equal P_cmax assuming that reduced processing time also requires high reliability. This introduces an additional prioritization to LTE depending on the signaling type. 
Although prioritizations according to the signaling type can be meaningful, although they decrease the reliability of link adaptation for scheduling, this is not so under the current setup for LTE-NR power sharing where the LTE power control procedure remains unchanged regardless of the signaling types on NR cells. For example, LTE signaling from a UE can be associated with eMBB services and NR signaling from the UE can be associated with URLLC services or include PRACH transmission to maintain connection with the gNB. Such cases would mean P_cmax availability for transmissions to the gNB but this is not supported by the current agreement for LTE-NR power control. Therefore, it is preferable to consider additional prioritizations according to signaling types together with other power sharing enhancements at a later time.   
Proposal 3: The LTE-NR power sharing method applies regardless of whether DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE.

Another FFS aspect regarding the LTE-NR power sharing mechanism is whether a UE can use power up to P_cmax in NR SCG when the UE knows that there will be no UL transmission in LTE MCG by semi-static configuration (e.g., measurement gap, DL/UL configuration). This can also apply for the MCG and need not limited for the SCG. For this approach to be beneficial, such semi-static configurations need to be exchanged via the enhanced X2 interface (or via the Xn interface) so that the scheduler can be more aggressive in scheduling the UE during transmission periods where the UE can use P_cmax. This in turns requires for RAN1 to identify such configurations (relatively easy to do for LTE, may require some time for NR). Overall, this issue can be considered as part of the optimizations to be specified at a later time. Otherwise, if benefits are to be obtained in NR Phase 1, the identified configurations should be limited only to LTE ones.     
Proposal 4: Cases where a UE can use P_cmax for transmissions to LTE MCG or NR SCG can be considered at a later time or be limited only to the NR SCG in NR Phase 1. 

The agreement from RAN1#90 on power sharing between a LTE MCG and a NR SCG requires certain clarification. The power sharing requires that the LTE MCG power control procedure does not change. However, this is not possible for asynchronous DC operation when the configuration of P_LTE and of P_NR is such that P_LTE + P_NR > P_cmax. For example, a UE may not have any transmission on the LTE MCG at a time when the UE transmits on the NR SCG and if the UE uses P_NR as the total power for transmissions to the NR SCG, the UE cannot have a total power of P_LTE for transmission on the LTE MCG as then the total transmission power would exceed P_cmax (unless UL transmissions on NR can have variable power across their duration which is not desirable for several reasons). 

For synchronous DC operation, LTE MCG power control procedure can remain unchanged as the LTE subframe duration is equal to or longer than any NR scheduling duration (FFS for multi-slot NR scheduling in case of a same transport block).    

Proposal 5: For asynchronous LTE-NR DC, support only P_LTE + P_NR = P_cmax. 

3 Conclusions

This contribution considered aspects for DC operation in NR and proposes the following. 

Proposal 1: Power control for CA in NR Phase 1 supports two operating scenarios. The first is based on LTE CA. The second is based on LTE-NR DC. 

Proposal 2: Power control for NR-NR DC in NR Phase 1 re-uses power control for LTE-NR DC. 

Proposal 3: The LTE-NR power sharing method applies regardless of whether DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE.

Proposal 4: Cases where a UE can use P_cmax for transmissions to LTE MCG or NR SCG can be considered at a later time or be limited only to the NR SCG in NR Phase 1. 

Proposal 5: For asynchronous LTE-NR DC, support only P_LTE + P_NR = P_cmax. 
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