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Introduction
[bookmark: _Hlk510705081]In RAN1 #98, we had separated discussion for semi-persistent power sharing and dynamic power sharing. Via the discussion, it was found while semi-static power sharing would be simlir with rel-15 conepts where either single constant value of peak power or time domain pattern based multiple values of peak power are configure per CG, dynamic power sharing may utilize look-ahead window which shows benefits on asynchronous DC. In this contribution, we discuss the complexity and performance gain can be achieved by dynamic look ahead. A small comparison with semi-static power sharing is also included.
Discussion
2.1 Performances
As the service type and type dependent requirements become complicated, or as network deployment becomes complicated, e.g., in a hierarchical network, determiniation of transmission power or peak transmission power per CG will need to support more flexible variation in time domain. For example, when MCG is connected to Macro cell and SCG is connected ti Micro/Pico cell, higher transmission power needs to be configured for PCG to guarantee the wider UL coverage. But when the large traffic came to UE, a higher power allocation should be changed to SCG to achieve high data rate. In other example, when URLLC traffic arrives at UE’s buffer, whether the transmission happens via PCG or SCG, a high transmission power should be allowed to suffort high reliability. 
Observation 1: To support more complicated network configuration or to support various traffic types, flexible variation of peak transmission power per CG should be supported
Proposal 1: Full power transmission should be supported for both MCG and SCG.
We may have two or three options how to support peak transmission power for each CG, when the sum of required transmission power exceeds Pc,max. In one option, gNb can configure time domain pattern which defines a slot where one of the CG can utilize Pc,max as peak transmsision power. In the other option, UE may select CG with peak transmission power according to the prioritization rule. As a new option, UE can performs full power transmission in a certain CG when it is the only CG configured with UL transmission, but such option works only for TDD cells, and would have quite limited oppotunity of peak power UL transmission. 
Observation 2: UL slot/symbol configuration based peak power transmisison does not works for FDD cells.
Observation 3: UL slot/symbol configuration based peak power transmsision may bring non-neglisible configuration restriction to gNb, to suport high power UL transmisison
Proposal 2: RAN1 focus on the schemes which works for general usecases.
Since the selection/configuration of CG for peak transmission power should be well aligned with the transmission of high priority traffics, e.g, URLLC, and the pattern should be able to support possible the variation of cell specific traffic loads, priority based solution should be more benefitial than the pattern based solution.
Proposal 3: Priority based power sharing between CGs should be supported.

When we utilize the priority based solution, it should be noted that maximum transmission per CG does not need to be configured.
Proposal 4: Configuration of peak transmisison power per CG is optional. 
For the prioritization, as recommended in WID, we can start with rel-15 prioritiztion rules defined for NR CA. But if needed, we can add further prioritization rule.
Proposal 5: Power prioritization between CGs follows rel-15 CA rules with possible addition of further prioritization rules.
With priority based operation, dropping or tx power reduction for a certain transmission may happen due to the low priority. UE may need to perform the transmission of the early one again via HARQ process, if the dropped/power-reduced transmission was PUSCH. If the dropped/power-reduced transmission was SRS, a latency may occur for beam management or CSI acquisition. If the dropped/power-reduced transmsison was PUCCH, more significant latency may occur depending on the contents of dropped PUCCH. But thoese operations have been well studied from LTE CA to NR CA, and should not cause any new issues, when the dropping/power-reduced transmission happends for NR-NR DC. In RAN1 #98bis, a short discussion was hold that with dynamic power sharing, gNb may not understand the actual available power per CG, and it may have bad impact on gNB’s UL scheduling. But such operation is also a well studied common operation happens at CA.
Observation 4. Priority based dynamic power sharing between CGs does not cause any uncertainty at gNb which has not been considered in CA
As a discussion how UE handle the transmission with low priority, when the some of required transmsison power exceeds Pc,max, we may follow NR CA desing that it is up to UE whether to reduce the transmission power or to drop the transmission having the lower priority.
Proposal 6. When UE applies power prioritization rules, it is up to UE whether to reduce transmission power or drop the hold transmission for the transmission with low priority
In case of partially overlapped UL transmisisons, when the later transmission has higher prioirity than the early one, UE may reduce the transmission power for remained part of early transmission, or drop the remained part of the early transmission. The resulted partial transmission would be unnecessary interference to other UEs, and may cuase misunderstanding to gNb about the channel state or beam charateristics, if the early transmission was SRS. The partial drop or partial transmission can be prevented by dynamic look-ahead. It may also prevent the phase discontinuouty.
Proposal 7. RAN1 defines look-ahead operation for dynamic power sharing, to prevent the partial drop of low priority transmission.

2.2 UE complexity
In Rel-15, the semi-static power sharing was agreed not to cause additional UE complexity at LTE-NR DC. There were severe reports from several companies that informaiton sharing between NR CG and LTE CG may bring a huge impact on UE implementation. However, in case of NR-NR DC, since inter-band CA or CA among multiple CCs are not a new feature, it is questionable whether the dynamic power sharing between NR CGs would need additional operation at UE side.
Observation 5. Rel-16 NR-NR DC dynamic power sharing may not require additional UE operation compared with NR CA.
Therefore, considering the possible gains of dynamic power sharing. Dynamic power sharing should be mendate at least for a UE supporting NR CA
Proposal 8. At least for a UE supporting NR CA, dynamic power sharing is a mendatory feature for NR-NR CA.
While semi-static power sharing and dynamic power sharing may need similar complexity for a UE supporting NR-NR CA, semi-static power sharing causes limitations at gNb’s scheduling, and it will bring performance degradation to the hole networks, not only for single UE. Therefore, if semi-static power sharing is supported, it should be configured by gNb whether semi-static can be allowed or not. 
Proposal 9. Considering the impact of semi-static power sharing on gNb’s scheduling, semi-static power sharing should be configure by gNb to be turned on/off, if semi-static power sharing is supported.
 For dynamic power sharing with/without look-ahead, it is obvious that as more information about UL transmission or scheduling is shared between CGs, more optimized/adaquate power adaptaion can be supported. But as a balancing between performance and complexity, we suggest that power sharing between CGs follows power prioritization rule only, without further optimization.
Proposal 10. Dyanmic power sharing between NR CGs follows power prioirtizaiton rules, while UE calculates transmission power of each CG separately first.
As discussed in secsion 2.1, look-ahead let the UE have a full understanding on the required transmission power before the transmission happens. So the phase discontinuousty can be avoided and UE does not need to perform sudden tx power reduction during the UL transmission. Such benefits may come with slightly increased, but reasonable UE complexity. Figure 1 shows an example where prediction is performed within look-ahead window. In figure 1, the size of the window depends on the maximum allowed delay for inter-CG information sharing, and the look-ahead window can be defined if the grant-to-tx offset is larger than the delay required to sharing tx power info between the CGs. When the window size is smaller than ‘grant_to_tx_offset UE may not need additional complexity to support look-ahead.
Observaiton 6.: The size of look-ahead window depends on the latency UE needs to share transmission power information between CGs. 
Observation 7. A prioier design of look-ahead window will not increase UE’s complexity for dynamic power sharing.
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[bookmark: _GoBack]<Figure 1. Example of asynchronous and simultanes UL transmission with look-ahead window>
Conclusion
 In thie contribution we discuss a bit detilas of the power sharing schemes with different UE complexity and performance. We have the observations as below.
Observation 1: To support more complicated network configuration or to support various traffic types, flexible variation of peak transmission power per CG should be supported
Observation 2: UL slot/symbol configuration based peak power transmisison does not works for FDD cells.
Observation 3: UL slot/symbol configuration based peak power transmsision may bring non-neglisible configuration restriction to gNb, to suport high power UL transmisison
Observation 4. Priority based dynamic power sharing between CGs does not cause any uncertainty at gNb which has not been considered in CA
Observation 5. Rel-16 NR-NR DC dynamic power sharing may not require additional UE operation compared with NR CA.
Observaiton 6.: The size of look-ahead window depends on the latency UE needs to share transmission power information between CGs. 
Observation 7. A prioier design of look-ahead window will not increase UE’s complexity for dynamic power sharing.

Based on these observations, we suggest following proposals.
Proposal 1: Full power transmission should be supported for both MCG and SCG.
Proposal 2: RAN1 focus on the schemes which works for general usecases.
Proposal 3: Priority based power sharing between CGs should be supported.
Proposal 4: Configuration of peak transmisison power per CG is optional.
Proposal 5: Power prioritization between CGs follows rel-15 CA rules with possible addition of further prioritization rules.
Proposal 6. When UE applies power prioritization rules, it is up to UE whether to reduce transmission power or drop the hold transmission for the transmission with low priority
Proposal 7. RAN1 defines look-ahead operation for dynamic power sharing, to prevent the partial drop of low priority transmission.
Proposal 8. At least for a UE supporting NR CA, dynamic power sharing is a mendatory feature for NR-NR CA.
Proposal 9. Considering the impact of semi-static power sharing on gNb’s scheduling, semi-static power sharing should be configure by gNb to be turned on/off, if semi-static power sharing is supported.
Proposal 10. Dyanmic power sharing between NR CGs follows power prioirtizaiton rules, while UE calculates transmission power of each CG separately first.
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