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Introduction
[bookmark: _Hlk510705081]For several RAN1 WG meetings, companies shared their view on Rel-16 NR-DC power control, but the differences on companies’ preferemce for the implementation options were found. As a starting point of power control discussion, several companies proposed two separated power sharing mode, but another severe amount of companies preferred single mode operation where both semi-persistent or dynamic power sharing can be operated at UE side depending on the value of configured parameters. 
To make a progress, in RAN1 #96bis, feature leader provided a summary with the draft categorization of power sharing schemes [1], and further comparison and clarification on the benefits of each categoried schemes are tried in RAN1 #97. But it was found that the definition of semi-static power sharing based on Rel-15 is not clear enough, and no further agreements were achieved.
In out previous contribution [2], it was suggested that catergorization of Rel-16 power sharing scheme should be done based on the amount/complexity of info sharing between CGs, if needed. Based on that suggestion and feature leader’s summary, we suggests further details on how to prceed. 

Discussion
2.1 Categorization & comparison of power sharing schemes
In Rel-16, semi-static power shaing is defeind as a case when , and dynamic power sharing is defined as opposite cases. The definition was made with the assumption that there is no necessity of power control or scheduling info sharing among CGs unless Tx power higher than Pc,max is not configured. However, according to the original concept, dynamic power sharing should mean that there is flexibility at maximum allowed tx power per CG, and such dynamic power sharing can happen with/without the configuration of Pc,max,MCG or Pc,max,SCG. Therefore there should not be a restriction that dynamic power sharing is supported only when the maximum allowed power is configured per CG and the sums are higher than Pc,max.
[bookmark: _Hlk16826040]Observation 1: Dynamic power sharing does not necessitate to define maximum transmission power per CG, and the definition of dynamic/semi-static power sharing based on Rel-15 discussion do not work for Rel-15.
However, whether maximu allowed or minimum guaranteed power is configured per CG or not, it is obvious that the most concerns to design the power sharing schemes are the overhead/complexity of power control or scheduling information sharing between CGs at UE side. Thus, if categorizations are needed, it should be made based on the complexity of informaiton sharing. 
In a perspective of UE complexity, complexity for inter-CG operation and latency requirement for inter-CG information sharing may need to be considered. For example, inter-CG operation may need extra complexity whether it is severe or not. As another example, if inter-CG information sharing is neede for asynchronous DCI reception and UL transmission, than less latency of inter-CG information sharing will be required. In this contribution, for the progress, we define 3 different catergories of rel-16 DC power control schemes and compare the performances and UE complexity. According to inter-CG operational complexity and inter-CG info sharing latency, categorization is assumes as Power control without inter-CG operation, Inter-CG power scaling without prediction or Power control with prediction of asynchronous transmission 
Proposal 1: If catergorization is needed, Rel-16 should consider the operational details and the complexity of information sharing between the CGs at UE side. Category based discussion may start with following 3 categories
· Power control without inter-CG operation
· Inter-CG power sharing without prediction
· Power control with prediction of asynchronous transmission

2.2 Power control without inter-CG operation
Category definition
In the feature leader’s summary, the definition of semi-static power sharing scheme is given as 
	· The UE’s maximum allowed power P_tot is configured semi-statically between the two cell groups such that P_max_MCG + P_max_SCG <= P_tot. 


The definition above may be driven from the Rel-15 EN-DC discussion. But as discussed above, the simplest operation of power sharing should mean power control schemes where any kind of CG inter-actions are not required. In other words, transmission power of each CG should not be impacted by the scheduling information or other L1 signal of the other CG, neither impacted by the UL transmission in the other CG. Thus, with the schemes belongs to this categories, even power restriction or tx dropping should not be supported.
Observation 2: Rel-15 semi-static power sharing does not support any inter-CG operation including priority based transmission power scaling.

UE complexity
 It is obvious that power sharing schemes belong to catergory 1 (no inter-action between CGs) will require the same UE complexity with Rel-15 operation. 
Observation 3: Rel-16 DC power control without any inter-CG-action will require the same UE complexity with Rel-15 semi-static power sharing.
In Rel-15 DC discussion, since there was clear evidence that the implementational complexity can disturbe the early comes of NR into the market, semi-static power sharing mode with options is specified while dynamic power sharing remained as optional feature. But even with such severe implementation issues, operators and network vendors had shown huge concerns on the reduced coverage. Thus, it should be the general approach that separated power control mode for semi-static power sharing is not supported till the same severeness as early implementation of Rel-15 UE is observed 
Proposal 2: Specificaiton of separeted power control mode for Rel-15 DC like semi-static power control should not be supported till the necessity becomes clear.

Coverage and spectral efficiency
Not only in DC A.I., the impact of UL tx power reduction has been widely discussed in various A.I., e.g., power control or MIMO full transmission power. Considering that NR-DC would aim to support hierarchical network, the reduction of peak power in each CG would result in different way of draw-back. Assuming MCG is connected to Macro cell, 3dB or more reduction of tx power at MCG will make UE to loss Macro cell connection, and it may remove the chance a UE to be connected via DC. At the same time, peak power reduction at SCG may reduce the spectral efficiency or throughput per slot via small cell, so more frequency transmission via small cell (SCG) may needed to support large throughput per UE. 
Observation 4: In a hierarchical netwoek, dual connectivity will show limited gain if peak power transmission is not supported in each CG
Thus, most of all, we need to remove the configured parameter, maximum allowed transmission power of CG, and let UE utilize high tx power for each CG. It may need to define a new power prioritization rules. 
Proposal 3: Full power transmission should be supported for any cell in any cell group.

2.3 Inter-CG power sharing without prediction
Category definition
In the feature leader’s summary, as an alternative to support full power transmission in each CG, TDD configuration based power sharing schemes are suggested. With that approach, UE can support full power transmission for each CG in preconfigured slots. Or as one step more complicated solution, UE is informed whether simultaneous multi-CG transmission is schedule, and full power transmission at each CG is allowed when transmission happens in only one CG. With more advanced schemes, to adjust its transmission power in each CG, UE utilize scheduling information and power control informations gathered from other CG.
Observation 5: Various schems suggesting inter-CG information sharing has been suggested whether that information belongs to RRC configuration or L1 signaling

UE complexity
according to the exitence of UL grant triggering simultaneous transmission, UE can be allowed to utilize full transmission power in each CG. In these schemes, UE first calculates transmission power of each CG separately, then finally decide the transmission power considering simultaneous transmissions. Priority based power adjusyment is one example. 
Observation 6: For any types of inter-CG power adjustment, UE first calculates transmission power of each CG separately, then performs power scaling for the adjustment

UL coverage and service type based prioritization
 It has been shown that with inter-CG information sharing, whether Rel-15 like semi-static power sharing is assumed or more flexible power sharing is assumed, full power UL transmission can be supported in each CG.
Observation 7: With inter-CG information sharing about UL transmission, full power UL transmission at each CG can be supported whether max power per CG is defined or not 
However, since RRC configuration based power sharing does not consider the actual exitence of simultaneous UL transmission, high or full power UL transmission can only be supported in a limited time slot. 
Observaiton 8: Whithout indicating the exitence of simultaneous UL transmission, full power UL transmission can only be supported in a limited time slots. 
 One severe example is a transmission in a slot allocated for configured grant transmission. For configured grant transmission, to allow full power UL transmission, gNb should not configure any UL slot in other CG. If one slot per 20 slots are configured with configured grant where configured grant type-2, to support possible urgent UL transmission with full power, totally two slots per 20 slots are not allowed for UL transmission. Such restriction can become severe when URLLC type transmission which needs configured grant should be supported.
Observation 9: When gNb should frequently configure slots with configured grant, to support URLLC, the overhead becomes severe, if the extence of simultaneous UL transmission cannot be shared between CGs. 
So here we suggest to support service type specific power prioritization, and also to support inter-CG power scaling 
Proposal 4: To support URLLC transmission with reasonable resource overhead, service type specific power prioritization should be supported with inter-CG power scaling 
It is obvios that to support service type power priotization, the exitence of UL transmission should be shared between CGs at each occation of UL transmission. 
Proposal 5: The exitence of UL transmission should be sahred between CGs at each occation of UL transmission.

2.4 Power control with predition of asynchnized transmission

Category definition
In asynchronous UL transmission, e.g., different numerology per CG, if the exitence of simultaneous UL transmission is not indicated to other CG, it has been shown by companies that tx power variantion would happen within the slot which cause phase discontinuouty issues. To avoid tx power variation, a prioritization for early transmission should be defined, or prediction of asynchronous UL transmission should be performed and the information should be shared between CGs at UE side. 
Observation 10: To avoid phase discontinuouty issues, prioritization of early transmission for partially overlapped UL transmission or prediction of asynchronous UL transmission should be supported.
While prioritization of early transmission can make a conflation with other power prioriztion rules such as service type specific prioritization, prediction based inter-CG power sharing can be well adapted with other power control concepts. Since asynchronous UL transmission can happen with asynchronous reception of UL grant, prediction based power sharing needs inter-CG info sharing or operation with less latency than other schemes.
Observation 11: Prioritization of ealy transmission between partial overlapped transmissions will not support other prioiritization rules such as service type based power prioritization
Observation 12: Prediction of asynchronous and simultaneous UL transmission needs inter-CG information sharing with less latency than the other power sharing schemes
impact on the power control each CG with these schemes, and it needs to consider theses schemes to be categorized separately. 

UE complexity
The most benefits of look-ahead would be that the UE can have a full understanding on the required transmission power before the transmission happens. Phase discontinuousty issue can be avoided, – whether it is severe or not-, UE does not need to performs sudden tx power adjustment during the UL transmission, and we can also simplify the power prioritization rule. But all theses benefits require quick inter-CG info sharing such as UL grant info. Figure 1 shows an example where prediction is performed within look-ahead window, and the size of the windows depends on the maximum allowed delay for inter-CG information sharing. It is obvious that larger look-ahead can support better power control, but less latency is required
Observaiton 13: Larger look-ahed window is preffered to support asynchronous UL transmission, but needs more tight latency requirement at UE operation.

[image: ]
<Figure 1. Example of asynchronous and simultanes UL transmission with look-ahead window>
Consideirng the potential gain of power sharing with look-ahead, the allowable size of look-ahead window should be evaluated. 
Proposal 6: Inter-CG power sharing with look-ahead window is supported
· FFS: the proper size of look-ahead window
If needed, we can have further discussion whether UE can support larger look-ahed window by properly defining the information to be observed and shared between cell groups.
Proposal 7: For further discusison whether larger look-ahead window can be supproted by simplifying the informaiton to be observed shared between cell groups.

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: Dynamic power sharing does not necessitate to define maximum transmission power per CG, and the definition of dynamic/semi-static power sharing based on Rel-15 discussion do not work for Rel-15.
Observation 2: Rel-15 semi-static power sharing does not support any inter-CG operation including priority based transmission power scaling.
Observation 3: Rel-16 DC power control without any inter-CG-action will require the same UE complexity with Rel-15 semi-static power sharing.
Observation 4: In a hierarchical netwoek, dual connectivity will show limited gain if peak power transmission is not supported in each CG
Observation 5: Various schems suggesting inter-CG information sharing has been suggested whether that information belongs to RRC configuration or L1 signaling
Observation 6: For any types of inter-CG power adjustment, UE first calculates transmission power of each CG separately, then performs power scaling for the adjustment
Observation 7: With inter-CG information sharing about UL transmission, full power UL transmission at each CG can be supported whether max power per CG is defined or not 
Observaiton 8: Whithout indicating the exitence of simultaneous UL transmission, full power UL transmission can only be supported in a limited time slots. 
Observation 9: When gNb should frequently configure slots with configured grant, to support URLLC, the overhead becomes severe, if the extence of simultaneous UL transmission cannot be shared between CGs. 
Observation 10: To avoid phase discontinuouty issues, prioritization of early transmission for partially overlapped UL transmission or prediction of asynchronous UL transmission should be supported.
Observation 11: Prioritization of ealy transmission between partial overlapped transmissions will not support other prioiritization rules such as service type based power prioritization
Observation 12: Prediction of asynchronous and simultaneous UL transmission needs inter-CG information sharing with less latency than the other power sharing schemes
Observaiton 13: Larger look-ahed window is preffered to support asynchronous UL transmission, but needs more tight latency requirement at UE operation.
[bookmark: _GoBack]
Based on these observations, we suggest following proposals.
Proposal 1: If catergorization is needed, Rel-16 should consider the operational details and the complexity of information sharing between the CGs at UE side. Category based discussion may start with following 3 categories
· Power control without inter-CG operation
· Inter-CG power sharing without prediction
· Power control with prediction of asynchronous transmission
Proposal 2: Specificaiton of separeted power control mode for Rel-15 DC like semi-static power control should not be supported till the necessity becomes clear.
Proposal 3: Full power transmission should be supported for any cell in any cell group.
Proposal 4: To support URLLC transmission with reasonable resource overhead, service type specific power prioritization should be supported with inter-CG power scaling 
Proposal 5: The exitence of UL transmission should be sahred between CGs at each occation of UL transmission.
Proposal 6: Inter-CG power sharing with look-ahead window is supported
· FFS: the proper size of look-ahead window
Proposal 7: For further discusison whether larger look-ahead window can be supproted by simplifying the informaiton to be observed shared between cell groups.
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