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1 Introduction
In RAN1 #98bis meeting, different UL power control aspects for support of NR-NR DC were further discussed and the following agreement was made [1]: 
	Agreements:
· Adopt Alt.1-2 and Alt.2 for semi-static power sharing for NR-NR DC.
· Alt.1-2 is only subject to configured maximum transmission power defined by RAN4 
· Configuration between Alt.1-2 and Alt.2 is supported.
· FFS: add more clarification
· FFS: applied for synchronous DC only or applied for both synchronous and asynchronous DC (which may be the same or different for Alt.1-2 and Alt. 2)    

Agreements:
For semi-static power sharing for NR-NR DC
· Virtual PHR for active CCs of another CG

Agreements:
For dynamic power sharing for NR-NR DC (if supported),
· Virtual PHR for active CCs of another CG

Agreements:
· 
Support dynamic power sharing 
· If there is no overlapping transmission, maximum power on CG i is determined by RAN4 spec without considering P_CG_i.
· If there is overlapping transmission, maximum power on CG i is limited to P_CG_i.
· Note: “look-ahead” operation is included as a UE capability below
· In case of power limitation, MCG is prioritized over SCG and reuse CA rule within each CG 
· Optional UE capability to indicate the support of dynamic power sharing operation 
· Separate optional UE capability to indicate the support of ’look-ahead’ operation on condition that UE indicates support of dynamic power sharing operation. 



In this contribution, we address remaining open issues related to uplink power control of NR-NR Dual Connectivity (DC) scenario to progress on this topic, focusing on physical layers aspects.   

2. Discussion
2.1 Semi-static power sharing scheme
One of remaining aspects for semi-static is whether to add the following clarification sentence [1]: 
	· It is up to UE to determine whether the overlapping with UL transmission on the SCG is possible, if/when factors other than the TDD UL-DL configurations of the serving cells in the SCG (e.g., timing difference, drift) need to be taken into account. 


In general, semi-static power sharing is designed to avoid any dynamic checking across CGs to potentially simplify UE implementation complexity for NR-NR DC. In light of this design philosophy behind, it is nature to limit the cross-CG checking for power boosting based on semi-static information i.e. semi-static UL/DL configuration from RRC signaling. In other words, other dynamic coordination for the overlapping determination (e.g. timing and drift of other CG) should be left for UE implementation if UE reports support of semi-static power sharing scheme Alt.1-2.    

Proposal 1: 
· Support to add the clarification sentence for Alt.1-2. 


2.2 Dynamic power sharing scheme
In the RAN1 #98bis meeting, it was agreed to support dynamic power sharing with prioritizing MCG over SCG in power limitation case. For dynamic power sharing, in some cases, UE needs to re-scale the SCG power in the middle of UL transmission due to the overlapping transmission of MCG with higher priority order, causing phase discontinuity problem. ‘look-ahead’ behavior is motivated to reduce the probability of this kind of power adjustment operation by requesting UE to jointly determine a transmission power at a given time instance by considering the overlapped PUSCH(s) of another CG that are scheduled later. Generally speaking, this results in more stringent processing timing requirement at UE side. It remains open regarding how to define ‘look-ahead’ behavior.
In Rel-15, some kind of ‘look-ahead’ behavior was introduced for UCI multiplexing operation. In our view, it can serve as a starting point to define ‘look-ahead’ requirement to enable dynamic power sharing for NR-NR DC. First, UE determines a group of overlapping UL transmissions. Secondly, UE determines the transmission power of overlapping UL transmissions depending on whether the overlapping UL transmissions satisfy the UCI multiplexing timeline conditions defined in Rel-15. Similar as Rel-15 UCI multiplexing operation, the reference point for timeline condition can be defined as the first symbol of the earliest overlapping uplink transmissions.  
FIG.1 provides one example for the timeline conditions. In this case, the first symbol of leading transmission PUSCH #1 is used as the reference point. The PDCCH with the DCI format scheduling the PUSCH #2 meets the timeline condition. Hence, the UE can jointly determine the transmission power of PUSCH #1 and PUSCH #2 to mitigate the phase discontinuity problem. 
Proposal 2: 
· Reuse Rel-15 timeline defined for UCI multiplexing on overlapped UL transmissions as staring point to define ‘look-ahead’ behavior for NR-NR DC power control in Rel-16. 
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Figure 1: Dynamic power sharing across CGs with ‘look-ahead’ operation

2.3 Applicable Deployment Scenarios
In addition, it remains open regarding which deployment scenario (i.e. synchronous and/or asynchronous DC) the semi-static and dynamic power sharing schemes can be applied. 
The synchronous and asynchronous NR-NR DC were defined by RAN4, differ in terms of the supported range of Maximum Transmission Timing Differences (MTTD). The MTTD requirements for synchronous NR-NR DC was specified in [2] and updated in the RAN4 92bis meeting [3], as copied below: 
	[bookmark: _Toc5952612]7.5.6	Minimum Requirements for inter-band NR-NR DC
The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell as shown in Table 7.5.6-1 provided that the UE indicates that it is capable of synchronous NR-NR DC only [16].
Table 7.5.6-1: Maximum transmission timing difference requirement for inter-band NR-NR synchronous dual connectivity
	Frequency Range
	Maximum transmission timing difference (µs) 

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	34.6

	FR2
	FR2
	8.5

	FR1
	FR2
	34.1



The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell as shown in Table 7.5.6-2 provided that the UE indicates that it is capable of asynchronous NR-NR DC [16].
Table 7.5.6-2 Maximum uplink transmission timing difference requirement for inter-band NR-NR asynchronous dual connectivity 
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)}
	Maximum uplink transmission timing difference (µs)

	15
	500

	30
	250

	60
	125

	120
	62.5





It should be generally noted that the actual timing differences between two overlapping UL transmission can be up to half slot of smaller SCS even in synchronous DC scenario, simply due to either Type-B PUSCH resource allocation or different SCS across CGs. 

For Alt.2 of semi-static power sharing, the power between MgNB links and SgNB links are semi-statically split without additional checking operation across CGs for the purpose of transmission power determination. Hence, it seems reasonable to assume it can be applied for both synchronous and asynchronous DC scenarios. In Alt.1-2 of semi-static power sharing scheme, UE needs to check the semi-statically configured UL/DL transmission directions of the overlapped symbols of the other CG and then determines the respective maximum transmission power accordingly. Given the fact that DL/UL transmission direction of other CG checked by UE is semi-statically configured and are known as a sort of prior knowledge for UL power determination, it is not impacted by the timing differences between overlapping transmissions across CGs. Hence, Alt.1-2 of semi-static power sharing should also be applicable for both synchronous and asynchronous DC as well. 

Proposal 3: 
· Semi-static power sharing schemes, including both Alt.2 and Alt.1-2, are supported for both synchronous and asynchronous DC scenarios. 

Similarly, as illustrated in FIG.1 above, dynamic power sharing scheme allows the transmission power to be shared across CGs dynamically and potentially request to implement a fast interface across the blocks of two CGs. It may increase UE implementation complexity. However, assuming dynamic power sharing scheme in proposal 2 would be adopted, the timeline requirement (i.e.  relative to the leading UL transmission among the overlapping CCs) is common regardless of synchronous and asynchronous cases. Hence, as long as UE has the processing capability to jointly process the UL grants within the ‘look-ahead’ window, it can support dynamic power sharing for both synchronous and asynchronous DC scenarios. 
 
Proposal 4: 
· Dynamical power sharing is configurable for both synchronous and asynchronous DC scenarios subject to UE reports to support this capability. 

3. Conclusion 
In this contribution, we discussed the details of power sharing mechanisms for NR DC operation. We make following proposals:  
Proposal 1: 
· Support to add the clarification sentence for Alt.1-2. 

Proposal 2: 
· Reuse Rel-15 timeline defined for UCI multiplexing on overlapped UL transmissions as staring point to define ‘look-ahead’ behavior for NR-NR DC power control in Rel-16. 
Proposal 3: 
· Semi-static power sharing schemes, including both Alt.2 and Alt.1-2, are supported for both synchronous and asynchronous DC scenarios. 

Proposal 4: 
· Dynamical power sharing is configurable for both synchronous and asynchronous DC scenarios subject to UE reports to support this capability. 
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