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1 Introduction
In RAN #81 meeting, a Work Item on DC and CA enhancements [1] was approved, which includes the UL power control aspects for support of asynchronous and synchronous NR-NR DC: 
	1. Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
· UE power control [RAN1]
· RRC signaling to support of enhanced NR-NR DC [RAN2]
· Core requirements to support enhanced NR-NR DC [RAN4]
Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 


In this contribution, we address some of the questions related to uplink power control of NR-NR Dual Connectivity (DC) scenario, focusing on physical layers aspects.   
2. Discussion
2.1 Phase continuity problem for a common PA structure  
Like intra-band EN-DC, a UE architecture with a single PA is likely implemented for intra-band contiguous NR DC, where one PA is shared NR uplink CCs. One issue for the common power amplifier (PA) structure that has been extensively discussed before is the potential phase discontinuity. When the PA is shared, transmission power change of one CC may lead to the analog gain change of the shared PA and causes phase discontinuity of the transmitted signal. Such phase discontinuity introduced in the middle of the transmission may distort the channel estimation and significantly degrades the uplink performance. 
To address this problem, a UE capability has been introduced to indicate per band per band combination whether it can handle (motivated by impacts of PA phase discontinuity) cases with overlapping transmissions with non-aligned starting or ending times or hop boundaries across carriers. It is applicable to all use cases with common PA structure at that time, including intra-band EN-DC, intra-band CA, FDM-based ULSUP (UL Sharing from UE Perspective). 
This problem can also happen for intra-band NR DC with a shared PA structure. It is therefore nature to extend this UE capability to be applicable to intra-band NR-NR DC to solve this problem. 
Proposal 1:
· Extend the existing UE capability to intra-band NR-NR DC case. 
· Indicating per band per band combination whether the UE can handle (motivated by impacts of PA phase discontinuity) cases with overlapping transmissions with non-aligned starting or ending times or hop boundaries across carriers
2.2 Power sharing mechanism for NR-NR DC
In NR-NR DC, the MgNB and SgNB are connected via non-ideal backhaul and operate independently. Hence, the PUSCH scheduling decisions cannot be aligned at the slot level. In addition, NR supports a variety of sub-carrier spacing (SCS) and flexible time-domain resource allocations (e.g. type A PUSCH and type B PUSCH). Consequently, the timing difference between overlapped PUSCH transmissions across CGs can be up to a half slot of the larger SCS. 
Like in LTE DC, it is desirable to configure a minimum guaranteed power allocation for the two CGs or equivalently to define maximum transmission power for MCG and SCG to maintain the dual connections with MgNB and SgNB as the high priority PUSCH (e.g., for small SRB messages) and PUCCH (at least for small UCI payloads) can be guaranteed to the MgNB and SgNB.    
Proposal 2:
· Minimum guaranteed powers or maximum transmission powers for MCG and SCG (e.g. ) can be separately configured on a UE-specific manner. 

Power sharing ideally should take the transmission power of both current and next transmissions that overlap into account. As UE can know the required transmission power for each overlapped transmission once receiving the parsed DCI from MAC, the support of dynamic power sharing operation with large timing difference may result in a stringent processing timing requirement at the UE and hence this kind of “look-ahead” operation should be avoided as followed for CA power control design. 
In NR, two power sharing modes of operations were defined: Case 1 and Case 2, based on the numerologies and the starting time/duration of overlapped PUSCH transmissions. To minimize the RAN1 impact and avoid HW impact, we therefore propose to reuse the power control mechanisms defined for CA for NR-NR DC operations to dynamic share the leftover power.    
Proposal 3: 
· Reuse the Case 2 power control mechanism defined for NR CA for NR-NR Dual Connectivity.

Additionally, when it is known in advance (e.g., by semi-static configuration) that there will be no UL transmission to the gNBs, the UL transmissions to the other gNB could utilize all the available power. For instance, UE can know when all of the CCs in one CG would have DL transmissions and then fully utilize all the available power for UL transmission to the other gNB. Another scenario where this principle could provide benefit is when UE is in DRX inactive mode with respect to one gNB or one gNB is in off state. 
Proposal 4:      
· When it is known in advance (e.g., by semi-static configuration) that there will be no UL transmission in one CG, the UL transmissions to the other gNB could utilize all the available power. 

3. Conclusion 
In this contribution, we discussed the details of power sharing mechanisms for NR DC operation. We make following proposals:  
Proposal 1:
· Extend the existing UE capability to intra-band NR-NR DC case. 
· Indicating per band per band combination whether the UE can handle (motivated by impacts of PA phase discontinuity) cases with overlapping transmissions with non-aligned starting or ending times or hop boundaries across carriers
Proposal 2:
· Minimum guaranteed powers or maximum transmission powers for MCG and SCG (e.g. ) can be separately configured on a UE-specific manner. 
Proposal 3: 
· Reuse the Case 2 power control mechanism defined for NR CA for NR-NR Dual Connectivity.
Proposal 4:      
· When it is known in advance (e.g., by semi-static configuration) that there will be no UL transmission in one CG, the UL transmissions to the other gNB could utilize all the available power. 
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