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[bookmark: _Ref7476982]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 the past RAN1 meetings [2][3][4], the following agreements/conclusions regarding cross-carrier scheduling with different numerologies were made:
	Agreements:
· For Rel. 16 UEs and asynchronous NN-DC operation, where MCG has serving cells only in FR1 and the SCG has serving cells only in FR2, the uplink power control is performed independently across cell groups
· This is under the assumption that for NR Rel. 16, no joint power limit across FR1 and FR2 is defined by RAN4.
· RAN1 has not identified any use case to support the case where SCG is fully in FR1 and MCG is fully in FR2 for both synchronous & asynchronous NN-DC operation. At the same time, if supported, RAN1 has not identified other RAN1 specification impact other than the power control aspect listed below and UE capability 
· If supported, power control is performed independently across the two cell groups.

Agreements:
· Aim to reuse the existing CA power determination for uplink transmissions on CC(s) in a same CG. 

Agreements:
· Slide 3 of R1-1909864 is agreed

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, to down-select during this week:
· Alt 1: no PHR is reported in a CG for the other CG
· Alt 2: Virtual PHR for active CCs of another CG
(The above change is the update on Wed.)

Agreements:
For dynamic power sharing for NR-NR DC (if supported), to down-select during this week:
· Alt 1: When PHR for a CG is reported in another CG, reusing Rel-15 EN-DC framework to determine the PHR (actual/virtual) for active CCs of in the CG
· Alt 2: Virtual PHR for active CCs of another CG
· Alt 3: no PHR is reported in a CG for the other CG
· (The above change is the update on Wed.)

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 provide our view on the remaining issues of uplink power control of NR-NR DC.
[bookmark: _Hlk17221238][bookmark: p1]Semi-static power sharing 
Regarding semi-static power sharing, it was agreed in last meeting that RRC could configure a UE operating with Alt 1-2 or Alt 2. Alt 2 provides a quite basic power sharing scheme. That is, the power allocation of two CGs are independent, which is applicable in both synchronized DC and asynchronized DC. On the other hand, Alt 1-2 is for an enhanced behavior over Alt 2. If UE is sure that there is no UL transmission a CG by referring to the TDD UL-DL configuration, UE could use all its transmission power for UL transmissions in the other CG. For the operation of Alt 1-2, synchronization between two CGs are needed. 

Proposal 1: For semi-static power sharing, Alt 2 can be used in both synchronized DC or asynchronized DC. Alt 1-2 is only used in synchronized DC. 
Dynamic power sharing 
Dynamic power sharing targets to allow a UE to utilize any unused power remaining from the transmission to one gNB toward the transmissions to the other gNB. However, the achieved performance is largely impacted by whether look-ahead could be used in power allocation. In LTE DC, the minimum guaranteed power for each CG is semi-statically configured, which is to provide the lower bound of performance for UL transmissions in a CG. As to NN-DC, the minimum guaranteed power is only needed for SCG power allocation since it was agreed that MCG is always prioritized to SCG. Assuming maximum transmission power  and are configured in NR, there is no need for explicit configuration of minimum guaranteed power. That is, the minimum guaranteed power of SCG can be derived by .  is the maximum total transmission power of two CGs. 

Proposal 2: No explicit configuration of minimum guaranteed power of SCG. 

For a NR UE not capable of look-ahead, the minimum guarantee power of SCG enables that at least some UL transmissions, e.g. PUCCH can still be transmitted on SCG, if there are potential overlapped UL transmissions from two CGs. The only limitation for the power allocation of MCG is given by , since MCG is always prioritized. On the contrary, if the allocated transmission power is higher than minimum guaranteed power of SCG, UE may reduce the transmission power of SCG later if more transmission power is required by MCG. A procedure could be that, 
· Reserve the minimum guaranteed power of SCG;
· All remaining power after excluding the minimum guaranteed power of SCG is first allocated to MCG since MCG is always prioritized; 
· The remaining power after MCG power allocation plus the minimum guaranteed power of SCG is the transmission power that could be used by SCG.

Proposal 3: For a NR UE not capable of look-ahead, if there are potential overlapped UL transmissions from two CGs, The only limitation for the power allocation of MCG is given by , on the other hand, the transmission power of SCG may be reduced later if more transmission power is required by MCG. 


For a UE capable of look-ahead, to allocate transmission power at time , all DCIs received before time  could be looked-ahead. If there are potential overlapped UL transmissions from two CGs, the only limitation for the power allocation of MCG is given by , since MCG is always prioritized. For the UL transmission of SCG, with help of look-ahead, UE could avoid too aggressive power allocation to SCG as much as possible. It reduces the possibility for a UE to reduce the power allocated to SCG which causes phase discontinuity of UL transmissions on SCG.  could be derived by UE PUSCH preparation precedure time .  is not a fixed value and is dependent on various factors, e.g. UE PUSCH timing capability,, , PUSCH multiplexing with DMRS, etc. For uplink carrier aggregation,  may be different on different carriers too. To avoid shortage of preparation time,  could equal to the maximum of  considering all the above factors impacting . 

Proposal 4: For a NR UE capable of look-ahead, if there are potential overlapped UL transmissions from two CGs, the only limitation for the power allocation of MCG is given by , meanwhile UE could avoid too aggressive power allocation to SCG by look-ahead. 

Proposal 5:  could equal to the maximum of  considering all the factors impacting . 

With the above definition of , it is possible that some UL transmissions of both CGs could be known to each other, on the other hand, some other UL transmission cannot be looked ahead. As shown in Figure 1, at the start of PUSCH A, i.e. time , PUSCH A in CG 1 and PUSCH 2 in CG 2 are known to each other. However, there still exists a PUSCH 1 in CG 2 which cannot be known to CG1. 



Figure 1: look-ahead base power allocation in NN-DC

The power allocation based on the known UL transmissions in both CGs should be respected as much as possible. A dynamic determined minimum guaranteed power for each CG could be derived based on the look-ahead based power allocation for known UL transmissions. The dynamic determined minimum guaranteed power is then used in the power allocation for remaining UL transmission(s) that cannot be looked ahead. Therefore, a two-step power allocation could be considered in NR-NR DC. Taking Figure 1 as example, for the power allocation at the start of PUSCH A of CG 0, i.e. time ,

Step 1): Since both PDCCH A and PDCCH 2 are transmitted before time , look-ahead can be applied in the power allocation of PUSCH A and PUSCH 2. The dynamic minimum guaranteed power   for CG 0 is derived by the allocated power for PUSCH A, e.g.  . Meanwhile, the dynamic minimum guaranteed power   for CG 1 is derived by the allocated power for PUSCH 2, e.g.  .

Step 2): the actual transmission power for PUSCH A is exactly since it is the only PUSCH in CG 0. On the other hand, since there are 2 PUSCHs in CG 1, additional means for power allocation within CG 1 is needed. The maximum power could be allocated in CG 1 is limited to . According to Rel-15 CA rule, the power is first allocated to PUSCH 1. If PUSCH 1 is prioritized over PUSCH 2 and if power limitation happens in CG 1, it is likely that the actual transmission power of PUSCH 2 is eventually less than . 

Proposal 6: A two-step power allocation could be used in NR-NR DC
· Step 1): Power allocation for all UL transmission which are known to both CGs. Then, a dynamic minimum guaranteed power is determined for each CG; 
· Step 2): Within each CG, power allocation follows NR Rel-15 CA rules. The dynamic minimum guaranteed power for both CGs are respected. 
Conclusion
In this contribution, we discussed the details of power sharing mechanisms for NR-NR DC operation. We make following proposals:  

Proposal 1: For semi-static power sharing, Alt 2 can be used in both synchronized DC or asynchronized DC. Alt 1-2 is only used in synchronized DC. 

Proposal 2: No explicit configuration of minimum guaranteed power of SCG. 

Proposal 3: For a NR UE not capable of look-ahead, if there are potential overlapped UL transmissions from two CGs, the transmission power of MCG is limited by , on the other hand, the transmission power of SCG may be reduced later if more transmission power is required by MCG. 

Proposal 4: For a NR UE capable of look-ahead, if there are potential overlapped UL transmissions from two CGs, the only limitation for the power allocation of MCG is given by , meanwhile UE could avoid too aggressive power allocation to SCG by look-ahead. 

Proposal 5:  could equal to the maximum of  considering all the factors impacting . 

Proposal 6: A two-step power allocation could be used in NR-NR DC
· Step 1): Power allocation for all UL transmission which are known to both CGs. Then, a dynamic minimum guaranteed power is determined for each CG; 
· Step 2): Within each CG, power allocation follows NR Rel-15 CA rules. The dynamic minimum guaranteed power for both CGs are respected. 
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