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1 Introduction

The following were agreed in RAN1 NR Ad-Hoc#2 for power sharing for LTE-NR dual connectivity.
Agreements:

· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR

· FFS details

· Discuss further whether or not to support dynamic power sharing between LTE and NR

· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc. 

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. This contribution considers aspects related to UL power control for CA and DC in NR. 
2 Power Sharing
Unlike LTE carriers, NR carriers can use practically arbitrary scheduling durations and synchronous operation among eNBs for LTE DC is less likely to materialize. LTE-NR DC can be treated under a general DC framework in NR where the master and secondary nodes can use different scheduling durations. For example, the master node can be an LTE one (prioritized for specification) where the scheduling duration is 1 msec and the secondary node can be an NR one where the scheduling duration can be a variable number of OFDM symbols.  

For power sharing mechanisms, semi-static power sharing or dynamic power sharing based on LTE PCM2 (with PCM1 as a special optimization case) can be considered as it was done in LTE [1]. For the same reasons, semi-static power sharing will lead to suboptimal operation considering the independence of schedulers in DC. Moreover, semi-static power sharing can be supported by PCM2 as a special case when the sum of the allocated percentages of PCMAX to the master node and the secondary node is 100% (no residual power left for sharing). 
Observation 1: LTE PCM2 supports semi-static power sharing. 

The notion of guaranteed power is still meaningful as a same scheduler can roughly know the ongoing transmission power on its cells and can still opportunistically schedule PUSCH with a larger power than the minimum guaranteed one at the risk of operating with a somewhat larger BLER when additional power is not available to the UE. PCM2 prioritizes power allocation to the earlier transmission. In NR, due to the various transmission durations and the dynamic timing of transmissions relative to the timing of their configuration by DCI, the notion of ‘earlier transmission’ needs further consideration relative to LTE.   

In NR, even within the same gNB, transmission durations on different cells can be different and the difference may not be deterministic for each cell as the transmission duration can vary from one symbol (e.g. PUSCH, short PUCCH) to tens of symbols (e.g. multi-slot scheduling or long PUCCH repetitions) and can vary per scheduling instance. For example, a first PUSCH can be scheduled over X1 symbols after Y1 msec from the time of a first UL grant detection and a second PUSCH can be scheduled over X2 symbols after Y2 msec from the time of a second UL grant detection. Consequently, the PDCCH-to-PUSCH timing (and the PDCCH-to-PDSCH-to-PUCCH timing) can be variable and may not determine the available power at the time of the PUSCH transmission. Also, the PDCCHs configuring the UL transmissions can also have an arbitrary periodicity ranging from one symbol to tens of symbols.   

Therefore, the numerology used in each cell or in each gNB is not relevant as different transmission durations and different intervals between consecutive PDCCH transmissions can apply regardless of the numerology. Additionally, the time between DCI format detection and the determination by the UE of a PUSCH or PUCCH transmission power is also independent of the numerology that is not visible after the FFT. 
Observation 2: The numerology used in each cell has little/no relevance to transmission timings and durations of UL signals in NR and to power sharing. 
For CA operation, to determine a power for an UL transmission at time T, the UE needs to first determine how much power it has available for the transmission at time T. For this, the UE can subtract from the 
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 at time T the power for a total of 
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 ongoing transmissions at time T and the power the UE already determined for upcoming transmissions at time T, i.e. 
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. In case of multiple transmissions beginning at time T, the UE can distribute 
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 among the multiple transmissions as in LTE. 
For DC operation (with two CGs), the available power at time T on a first CG can be determined as for CA after subtracting the maximum between the guaranteed power for the second CG and the power to be used at time T-1 on the second CG. It is also possible to pre-allocate power to pre-configured transmissions or drop/puncture some transmissions in order to allocate power to other transmissions with higher priority (e.g. low latency services, PRACH, possibly UCI) but this is a separate consideration. 
Proposal 1: For operation with CA, a UE determines an available power at a given time after subtracting from a maximum power the power the UE determines as used at the given time. 

Proposal 2: For operation with DC, a UE is configured guaranteed powers for use in CG1 and CG2. 

NR should also be at least as efficient as LTE in terms of UL power control for operation with CA and DC in order to ensure that coverage, power utilization, and allocation prioritization to information types according to their prioritization is not worse than in LTE. Then, for operation as in LTE where the scheduling durations are same for all cells, NR power sharing should be same as LTE power sharing. 

Proposal 3: For same operating conditions as for LTE CA or LTE DC, power sharing/utilization for NR CA or NR DC shall not lead to worse UE power utilization than in LTE CA or LTE DC, respectively. 
Finally, unlike DC in LTE, for DC in NR the separation of carrier frequencies associated with the MgNB and the SgNB can be too large for a single transmitter antenna to cover. In such case, use of different sets of antennas associated with different power amplifier classes and different 
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 requirements needs to be considered for a UE to transmit to an MgNB and a SgNB. 

Proposal 4: UL power control for DC supports use of different sets of antennas with different maximum transmission power requirements for UE transmissions to an MgNB and to a SgNB. 
3 Conclusions

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

Proposal 1: For operation with CA, a UE determines an available power at a given time after subtracting from a maximum power the power the UE determines as used at the given time. 

Proposal 2: For operation with DC, a UE is configured guaranteed powers for use in CG1 and CG2. 

Proposal 3: For same operating conditions as for LTE CA or LTE DC, power sharing/utilization for NR CA or NR DC shall not lead to worse UE power utilization than in LTE CA or LTE DC, respectively. 
Proposal 4: UL power control for DC supports use of different sets of antennas with different maximum transmission power requirements for UE transmissions to an MgNB and to a SgNB. 
Additionally, the following are observed. 
Observation 1: LTE PCM2 supports semi-static power sharing. 

Observation 2: The numerology used in each cell has little/no relevance to transmission timings and durations of UL signals in NR and to power sharing. 
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