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Introduction
[bookmark: _Hlk510705081]RAN1 NR ad-hoc, in January, made agreements on the scope of discussion as below. 
Agreements:
· For Rel. 16 UEs and asynchronous NN-DC operation, where MCG has serving cells only in FR1 and the SCG has serving cells only in FR2, the uplink power control is performed independently across cell groups
· This is under the assumption that for NR Rel. 16, no joint power limit across FR1 and FR2 is defined by RAN4.
· RAN1 has not identified any use case to support the case where SCG is fully in FR1 and MCG is fully in FR2 for both synchronous & asynchronous NN-DC operation. At the same time, if supported, RAN1 has not identified other RAN1 specification impact other than the power control aspect listed below and UE capability 
· If supported, power control is performed independently across the two cell groups.

In this contribution, we discuss power control for synchtonous/asynchronous NN-DC where MCG and SCG are in the same FR. 

Discussion
In CA/DC operation, Rel-15 defined both dynamic and semi-persistent power sharing between LTE connection and NR connection. In a late drop of Rel-15 and early of Rel-16, RAN1 agreed on no specification impact to support NN DC where MCG lays on FR1 and SCG lays on FR2. As captured in WID, for NN-DC in the same FR, RAN1 agreed to mostly reuse LTE CA power control algorithm and the prioritization rule agreed in NR Rel-15. 
In all the discussion above, power control of DC was composed by two separated part, inter-CG power sharing and power control within each CG. In rel-16, the same concept may valid to simplify the discussion, and the details on power sharing should be discussed in this A.I. The details on power control within each CG should be discussed in the other A.I., if discussion needed. 
Proposal 1: Power control for NN-DC is composed by two separated parts, inter-CG power sharing and separated power control within each CG. 
While Rel-15 DC power sharing/control aimed to keep the cell coverage, Rel-16 NN-DC needs to consider more various espects. In NN-DC, specification needs to properly provide benefits of utilizing wideband, and the achievement of that goal would highly depend on efficient utilization of UE Tx power, which enables to achieve better overall spectral efficiency or higher UE throughput within limited transmission power.  
Proposal 2: Performance comparison between different power sharing schemes should be done based on various espects including features related with the efficiency of power utilization such as supported UE throughput.  


Power sharing options 
In the history of the discussion, several companies showed their concerns on the implementational complexity due to inter-connection/CG power sharing. Since RAN1 agreed to focus on the scenario where MCG and SCG are in the same band, the complexity issue should be carefully checked again. Based on the complexity of UE side implementation, power sharing schemes can be categorized as below.

Semi-persistnet power sharing where the maximum transmission power is configured per CG
If maximum transmission power is fixed by RRC configuration per CG, and the sum of maximum transmission power does not exceed UE’s capable Tx power, it can be called semi-persistent power sharing scheme. To make semi-persistent power sharing scheme valid in NN-DC, gNb would need to carefully manage maximum transmission power of each CG based on channel condition, traffic load, etc. 
When a fixed value of maximum transmission power is configured per CG, for example, gNb would configure larger value of maximum transmission power for CG reporting relatively high L3-RSRP with the intention of achieving good UE throughput, or as an opposite example, gNb would configure lager value of maximum transmission power for CG reporting more pathloss, to guarantee the minimum required performance, possibly given as throughput or coverage. But in any case of above examples, the benefits of NN-DC would be limited, since at any CGm UE would be suffered by lack of transmission power, unless UE is located near the gNb. 
With a TDM pattern based configuration where different value of maximum transmission power is configured per CG in a different slot, if TDM pattern is well aligned with gNb scheduling, better performances are expected than the case of fixed maximum transmission power in slots. However, due to the HARQ timing, difference of numerology, UL asynchronization etc, such alignment would be possible in a limited cases. 
Observation 1: With semi-persistent power sharing, benefits of NN-DC, e.g., utilization of wide bandwidth would be limited in many cases..
Proposal 3: Semi-persistent power sharing where the sum of configured maximum transmission power of CG does not exceed the maximum UE transmission power should not be a single solution for NN-DC power sharing, if supported.

Grant based power sharing
 Based on UL grant, UE can first understand nuber of simultaneous uplink, and also can understand the total transmission power require at each transmission occation, if more details on scheduling information can be shared among CGs. As the simpliest way of grant based power sharing, gNb can configure table of maximum transmission power where different values are configured for a given number of simultaneous transmission. When # of CCs are small and simultaneous transmission does not happen frequently, this simple approach can support signicant performance enhancement compared with semi-persistent power sharing even with the setting of .
Observation 2: By sharing UL grant info between CG, UE can increase the efficiency of UE power utilization
Proposal 4: NR Rel-16 supports Power sharing between CGs in the same FR based on UL scheduling information
With grant based power sharing, by applying power prioritization rule, further flexibility on dynamic power sharing can be achieved. As a starting point, we may reuse NR CA power prioritization rule where MCG has higher priority than SCG when the transmission of channel/RS with the same priority happens at both CGs. However, to support better utilization of UE power, additional rules for power prioritization could be defined. 
Proposal 5: Define NN-DC power prioritization rule by reusing NR CA power prioritization rule with possible additions.

Power sharing with look-ahead
 Due to the difference of numerology, latency between grant and corresponding transmission, or the asynronized DL/UL, UE obtains limited information about simultaneous ULs when grant is received. During Rel-15, the problem with such limited information and the benefits of look-ahead for UL grant has been introduced and well discussed. In Rel-16, the proper duration of look-ahead needs to be studied
Proposal 6: Rel-16 aims to find the propoer duration where UE looks ahead for UL grant deliverying simultaneous ULs.

Conclusion
Based on the discussion history and the observations below, proposals are suggest for the design of NN-DC power control. 
Observation 1: With semi-persistent power sharing, benefits of NN-DC, e.g., utilization of wide bandwidth would be limited in many cases.
Observation 2: By sharing UL grant info between CG, UE can increase the efficiency of UE power utilization
Proposal 1: Power control for NN-DC is composed by two separated parts, inter-CG power sharing and separated power control within each CG. 
Proposal 2: Performance comparison between different power sharing schemes should be done based on various espects including features related with the efficiency of power utilization such as supported UE throughput.  
Proposal 3: Semi-persistent power sharing where the sum of configured maximum transmission power of CG does not exceed the maximum UE transmission power should not be a single solution for NN-DC power sharing, if supported.
Proposal 4: NR Rel-16 supports Power sharing between CGs in the same FR based on UL scheduling information
Proposal 5: Define NN-DC power prioritization rule by reusing NR CA power prioritization rule with possible additions.
Proposal 6: Rel-16 aims to find the propoer duration where UE looks ahead for UL grant deliverying simultaneous ULs.
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