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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 to progress on this topic, focusing on physical layers aspects.   
2. Discussion
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. The risk of UE power limitation is significantly higher than CA case and UE may have to scale down or drop UL transmissions more often. 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 for both synchronous and asynchronous NR-NR DC cases. 

2.1  Semi-static power sharing scheme
In general, there is no dynamic power sharing among two CGs, the power control mechanism and determination of power is significantly simplified. The power limitation would be determined independently for each CG, by comparing the total transmit power to the correspondingly configured max power level. The scaling and prioritization rule of Rel-15 NR CA are directly applicable per CG. 
Three solutions were proposed in the past meeting as summarized in [3]. In the first alternative, the maximum allowed power P_tot is configured semi-statically between the two cell groups such that P_max_MCG + P_max_SCG <= P_tot. While, Alt.2 is an enhancement to Alt.1, which improves the power efficiency at the UE by utilizing the full power transmission on some symbols where will be no UL transmission in one CG.  
One common advantage of three semi-static power sharing schemes is that a power scaling or dropping UL transmission to one CG due to increased transmission power requirement of the other CG can be avoided and phase continuity is therefore ensured during UL transmission. Moreover, the network operation becomes predictable, which maximizes the link adaptation efficiency. A potential drawback of semi-static per CG power configuration is that it does not reflect instantaneous scheduling conditions for the UE on a given slot and may unnecessarily limit the transmission power in a slot in which only one gNB is active for data scheduling, while still having sufficient power. In addition, some concerns on Alt.1 is that it may shrink coverage. More specifically, for some deployment scenario, it may even reduce DL/UL throughput of some UEs (e.g. UEs with large path-loss to the MgNB but transmissions to gNB are rare e.g. MgNB mainly for coverage purpose). 
In Alt.3, the uplink slots are first divided into three sets that is controlled by network. Correspondingly, a UE performs UL transmissions with full power utilization on the 2nd and 3rd slot in a TDM manner. Simultaneous UL transmissions only happen on the 1st slot set. The advantage of this approach is that it can ensure maximum coverage by using UL slots split across MCG/SCG (i.e. 2nd and 3rd slot) but at the cost of further reduced UL throughput compared to Alt.2. In our view, Alt.2 effectively creates one TDM slot pattern by properly configuring coordinated DL slots on MCG and SCG to be overlapped with respective UL slots of the other CG e.g. by exchanging UL/DL configurations information. This information can allow each gNB to utilize the full UL powers in slots where the UE does not have a UL transmission to the other gNB and hence effectively maintain the same coverage. Therefore, the advantage of avoiding coverage reduction can be also achievable by Alt.2. Furthermore, Alt.2 does not incur any additional overhead since the UL TDM pattern is implicitly created based on the UL/DL configurations of two CGs.          
We therefore propose to adopt Alt.2 in [3] for semi-static power sharing if supported. 
Proposal 1: If supported, the semi-static power sharing for NR-NR DC is specified as follows 
· The maximum transmit power per group is restricted by the configured maximum power of the same group except for the case that the UE is certain that no uplink transmission is possible on the other cell group on the overlapping symbols by relying on the semi-statically indicated symbol directions. In such a case, the maximum transmit power of a cell group can be increased.

2.2. Dynamic power sharing mechanism 
Dynamic power sharing targets to allow UE to utilize any unused power remaining from the transmission to one gNB toward satisfying the power requirement of the transmissions to the other gNB. 
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 significant increase of  “look-ahead” requirement should be carefully evaluated on the associated impact on the UE processing time with proven benefits. On the other hand, unlike EN-DC case, faster communication between MCG and SCG at the UE side can be assumed as baseline at least for CA capable UE. 
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: 
· If supported, reuse the NR CA Case 2 power control mechanism for NR-NR Dual Connectivity to implement dynamic power sharing scheme.

2.3 Semi-static vs. Dynamic power sharing support 
The advantage of dynamic power sharing schemes is higher PA utilization. One disadvantage of dynamic power sharing is the unpredictability in the system operation due to lack of scheduling information by the other gNB. For example, frequent power scaling and/or dropping of Ul transmissions can be frequent, resulting in UL throughput loss for such UEs and negate any possibility for traffic offloading to the SCG. 
Table 1: Comparison of different power sharing schemes in [3] for NR-NR DC
	Schemes
	Phase continuity
	Link adaptation
	PA efficiency
	UE Complexity
	Comments

	Semi-static
	Yes
	Predictable
	Low
	Low
	No need of cross-CG CC-by-CC checking for UL channel prioritization.

	Dynamic
	Alt.1-1
	No
	Unpredictable
	Higher
	High 

(e.g. Tight interaction between 2 CGs to split power)
	Request cross-CG CC-by-CC checking for priority order determination at the UE.

	
	Alt.1-3
	Yes (MCG) No (SCG)
	
	
	
	No need of cross-CG CC-by-CC checking for UL channel prioritization. 

	
	Alt.2
	Yes (MCG)
No (SCG)
	
	
	
	

	
	Alt.3-1
	No
	
	
	
	Request cross-CG CC-by-CC checking for priority order determination at the UE.

	
	Alt.3-2
	Yes
	
	
	
	

	
	Alt.4
	Yes (MCG) No (SCG)
	
	
	
	No need of cross-CG CC-by-CC checking for UL channel prioritization.

	
	Alt.5
	Yes (MCG) No (SCG)
	
	
	
	



Based on the discussions above, it seems clear that different power sharing schemes exhibit different pros and cons in terms of e.g. phase continuity, the predication of link adaptation operation and the processing time budget requirement. We see the need to support both for Rel-16 NR-NR DC. More especially, UE capability can be defined for support of dynamic power sharing scheme due to potential tighter requirement with aggressive “look-ahead” operation compared to Rel-15.  
Proposal 4: 
· Support both semi-static and dynamic power sharing for Rel-16 NR-NR DC
· Introducing a UE capability to indicate the support of dynamic power sharing operation. 
 
A single signalling mechanism can be adopted and semi-static and dynamc power sharing could be enabled by proper choice of  and  values in configuration. For example,  would enable semi-static power sharing to preserve the UE processing budget and remove the need of tight coordination for handling the overlapping transmissions across CGs. While, for other use cases,  may be configured to operate dynamic power sharing   
Proposal 5: 
· A unified signalling framework is adopted to operate semi-static and dynamic power sharing by properly setting the corresponding  and  values. 

3. Conclusion 
In this contribution, we discussed the details of power sharing mechanisms for NR DC operation. We make following proposals:  
Proposal 1: If supported, the semi-static power sharing for NR-NR DC is specified as follows 
· The maximum transmit power per group is restricted by the configured maximum power of the same group except for the case that the UE is certain that no uplink transmission is possible on the other cell group on the overlapping symbols by relying on the semi-statically indicated symbol directions. In such a case, the maximum transmit power of a cell group can be increased.
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: 
· If supported, reuse the NR CA Case 2 power control mechanism for NR-NR Dual Connectivity to implement dynamic power sharing scheme.
Proposal 4: 
· Support both semi-static and dynamic power sharing for Rel-16 NR-NR DC
· Introducing a UE capability to indicate the support of dynamic power sharing operation. 
Proposal 5: 
· A unified signalling framework is adopted to operate semi-static and dynamic power sharing by properly setting the corresponding  and  values. 
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Appendix
Semi-static power sharing scheme 
The following candidates were proposed by companies for semi-static power sharing schemes. The following way forward was suggested by feature leader (FL) for semi-static power sharing scheme. 
	If supported, the possible candidates are considered for semi-static power sharing scheme:
· 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 UE determines the maximum transmission power in a PUSCH transmission occasion as follows:   
· Alt.1
· The maximum transmit power per group is restricted by the configured maximum power of the each group.
· Alt. 2 [12]
· The maximum transmit power per group is restricted by the configured maximum power of the same group except for the case that the UE is certain that no uplink transmission is possible on the other cell group on the overlapping symbols by relying on the semi-statically indicated symbol directions. In such a case, the maximum transmit power of a cell group can be increased.
· Alt.3 
· A UE is semi-statically configured with a TDM pattern configuration providing three sets of slots:
· On the first set of slots, the maximum configured power for the MCG and SCG are given such that P_max_MCG + P_max_SCG <= Ptot.
· On the second set of slots, all available power is allocated to the MCG, i.e., P_max_MCG = P_tot.
· On the third set of slots, all available power is allocated to the SCG, i.e., P_max_SCG = P_tot.

· If a total UE transmit power for UL transmissions within a CG exceeds the maximum transmission power for the CG as determined above, UE allocates power to UL transmissions according to the following priority order 
· Alt.1: Following the uplink power control scheme of Rel. 15 NR CA
· Alt.2: Introducing new priority scheme(s) 
· Candidate-1: To maintain a constant transmission power of a channel/signal in a CG.
· Candidate-2:  To account for the URLLC (or such high reliability) or random-access procedure, different PUCCH formats or PUSCH types
· FFS: Support semi-static power sharing in both synchronous and asynchronous NR-DC cases or asynchronous NR-DC only or synchronous NR-DC only. 


Dynamic power sharing (DPS)
The following candidates were proposed by companies for dynamic power sharing (DPS) schemes. The following way forward was suggested by feature leader for dynamic power sharing schemes for NR-DC. 
	
If supported, the following is considered for dynamic power sharing schemes for NR DC: 
· Alt.1: [3][4][6][8]
· If a total UE transmit power for UL transmissions exceeds the maximum transmission power determined above, UE allocates power to UL transmissions according to the following priority order 
· Alt.1-1: Reuse the channel priority order defined for Rel-15 CA case 2.  
· Alt.1-2: Introducing new priority scheme(s) 
· Candidate-1: To maintain a constant transmission power of a channel/signal in a CG.
· Candidate-2: To additionally consider the URLLC (or such high reliability) or random-access procedure, different PUCCH formats or PUSCH types
· Alt.1-3: The sum transmit power per cell group is calculated independently. In case the UE is power limited, the sum power of SCG is scaled down. The sum power of MCG and SCG is then distributed across their channels by following the Rel. 15 NR CA within each CG independently.
· FFS: UE is configured with maximum available power for each cell group, e.g., P_max_MCG, P_max_SCG and P_max_MCG + P_max_SCG > P_tal_max. 
· FFS how to handle the case where the UE is not power-limited for transmitting PUCCH, but it is limited for transmitting PUSCH with UCI.
· Alt.2: [11]
· UE is configured with transmit power limits P_limit_CG1 applicable to CG1 and P_limit_CG2 applicable to CG2.
· To compute the transmit power for CG1 UL transmission starting at time T0, 
· UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping CG2 UL transmission, and if such PDCCH(s) are detected, UE limits it’s transmit power in CG1 (pwr_CG1) such that pwr_CG1 <= P_limit_CG1; 
· UE also checks (based on RRC parameters) if any possible overlapping CG2 UL transmissions can be triggered by PDCCH(s) after T0-T_offset, and if such overlapping CG2 UL transmissions are possible, UE limits it’s transmit power in CG1 (pwr_CG1) such that pwr_CG1 <= P_limit_CG1;
· Otherwise, P_limit_CG1 is not applied and UE transmit power for the CG1 UL transmission can be up to ‘full power’ allowed by RAN4 requirements
· T_offset can be similar to the T_proc specified in Rel15 for UCI multiplexing related UE procedures.
· If NW configures P_limit_CG1 and P_limit_CG2 such that P_limit_CG1+P_limit_CG2 > P_limit_total, and if pwr_CG1+ pwr_CG2> P_limit_total, UE scales down transmission power of SCG transmission(s) such that UE transmission power across MCG and SCG does not exceed P_limit_total.
· Note: if NW configures P_limit_CG1 and P_limit_CG2 such that P_limit_CG1+P_limit_CG2<= P_limit_total, the above SCG scaling behavior is not required.
· P_limit_total is the power limit for all transmissions in both CG1 and CG2 and will be defined in RAN4

· Alt.3: [2][7][9][10]
· UE is configured with a minimum guaranteed power for MCG and SCG separately. 
· To compute the transmit power for CG1 UL transmission starting at time T0, a UE considers a power for later scheduled overlapping transmissions T0-T_offset, 
· FFS on T_offset (e.g. subject to the same timelines as for determining a channel among overlapping channels for UCI multiplexing in Rel-15)
· Alt.3-1: [2][7][9]
· A power limited UE applies Rel-15 CA power allocation prioritization rules for transmissions in different CGs. In case of a same prioritization, power allocation is prioritized for transmissions on the MCG. 
· FFS for URLLC, different PUCCH formats or PUSCH types
· Alt.3-2: [10]
· For power determination of any given UL transmission on a CG in NN-DC, the UE does not adjust power to “past” UL transmission, and allocates remaining power for the higher-priority “concurrent” UL transmissions, while respecting the minimum guaranteed power (MGP) limits. Once the transmit power for a transmission is decided, the UE will not re-calculate/re-adjust the transmit power based on upcoming transmission (regardless of priority levels).
· Alt.4: [5]
· Two types of power ratios can be configured for each CG
· Low power ratio L is used for guaranteeing the minimum residual power for each CG. 
· High power ratio H is used for restricting the maximum power portion when both CGs are requiring more power than its own high ratio
· Defining a “cut-off” time of look-ahead operation as an offset before the first symbol T0 of one uplink transmission
· Determine the CG prioritization by RRC time pattern or by the dynamic UL grant information. 
· If MCG is prioritized, the high power ratio for MCG is max{H_SCG , 1-H_SCG } and the high power ratio for SCG is min{H_SCG , 1-H_SCG };
· If SCG is prioritized, the high power ratio for MCG is min{H_MCG , 1-H_MCG } and the high power ratio for SCG is max{H_MCG , 1-H_MCG };
· Alt.5: 
· Reuse the principle of the uplink power sharing scheme of EN-DC:
· MCG has a higher priority than SCG

· FFS: Support DPS in both synchronous and asynchronous NR-DC cases or synchronous NR-DC only. 
· FFS: Maintain a constant transmission power of a channel/signal in a CG in power limited case.
· FFS: Account for the URLLC (or such high reliability) or random-access procedure, different PUCCH formats or PUSCH types for defining priority order for power limited case. 
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