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[bookmark: _Ref7476982]Introduction 
The Rel-16 WI on MR-DC & eCA was completed at RAN1#99 meeting. However, there are still several remaining issues need further clarification. Therefore, we provide our views on the remaining issues on power sharing in this contribution.
[bookmark: _Hlk17221238][bookmark: p1]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. The achieved performance depends on whether look-ahead could be used in power allocation. From the earlier agreements, both schemes without look-ahead and with look-ahead are supported. 

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. 

Agreements:
· For NR-DC dynamic power sharing, to compute the transmit power for SCG UL transmission starting at time T0,
· UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping MCG UL transmission, and 
· If such PDCCH(s) are detected, UE sets it’s transmit power in SCG (pwr_SCG) such that pwr_SCG <= min{PSCG, Ptotal – MCG tx power} where ‘MCG tx power’ is the actual transmission power of MCG
· Otherwise, pwr_SCG <= Ptotal;  
· UE does not expect to be scheduled by PDCCH(s) received on MCG after T0-[T_offset] that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission.  
· (working assumption) No new RRC signaling is introduced for T_offset: 
· Alt.1: T_offset <= T_proc,2
· Alt.2: T_offset <= 2*T_proc,2
· Alt.3: T_offset reasonbly larger than Alt 1. & Alt 2 but <=4ms
· To be addressed in the CR stage

Without look-ahead

For a NR UE not capable of look-ahead, only the ongoing transmission in MCG is considered when determining the power at the beginning of a transmission in SCG. If there is no transmission MCG, the transmission in SCG can use a power not limited by . On the other hand, if there is ongoing transmission on MCG, if the total power of two CGs exceed , the power of a transmission in SCG is reduced so that total power is not beyond . 

One potential issue is what is the behaviour if a transmission on MCG starts later than the transmission on SCG. This is a frequent happen case in NR which allows symbol-level granularity of start symbol of UL transmission. The remaining power may be less than the necessary power of the transmission on MCG. Two potential options could be considered. 
· Option 1: UE always prioritize MCG. Consequently, UE has to reduce the power of an ongoing transmission on SCG, which may cause phase discontinuity for the transmission on SCG. 
· Option 2: UE prioritize the earlier transmission. In this case, there is no impact on the ongoing transmission on SCG, however, the power of MCG is reduced which conflicts the previous agreement that MCG is prioritized. The behaviour of prioritizing earlier transmission is same as LTE DC. However, since UE may start a transmission on SCG with full power if there is no MCG transmission at the beginning of the SCG transimsison, it is expected the option 2 is worse than PC scheme of LTE DC, due to the less protection of a transmission on MCG. 

Proposal 1: for dynamic power control in NR DC when look-ahead is not considered, 
· It is for clarified that only the ongoing transmission in MCG is considered when determining the transmission power at the beginning of a transmission in SCG.
· To clarify which options is the correct behavior handling power limitation caused by a later transmission on MCG. 


With look-ahead

In dynamic power sharing with look-ahead enabled, to allocate power for a transmission of SCG at time , all DCIs of MCG that are received before time  are considered. In this way, the necessary transmission power of MCG is always guaranteed. One remaining issue is whether a DCI of SCG which is received before time  and schedules a transmission after time  could be considered in look-ahead operation or not. There is no difficulty at gNB/UE to do such look-ahead within SCG. However, there is an earlier agreement of aiming to reuse the existing CA power determination for uplink transmissions on CC(s) in a same CG. 

One remaining issue is how to define . A lower  provides better power allocation since more transmission on MCG could be considered in the determination of transmission power of SCG. Further, since it is agreed that UE does not expect to be scheduled by PDCCH(s) received on MCG after  that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission, a lower  also reduces the impact on scheduling flexibility on MCG. Based on the analysis, Alt-1 is preferred. One follow-up issue is that  is actually not a fixed value which depends on multiple transmission parameters. .  depends on UE processing capability which is defined per numerology . Two kinds of UE processing capability are defined so that different aggregated carriers in CA may use different UE processing capability.  is reflecting DMRS transmission in the first symbol of PUSCH. d2,2 is for the impact of BWP switching. For the better performance,  could equal to the minimum of  considering all the above factors impacting . 

Proposal 2: To determine the transmission at the start of a transmission of SCG, the UE should consider all DCIs of MCG and SCG that are received before . 

Proposal 3:  could equal to the minimum of  considering all the factors impacting . 
Conclusion
In this contribution, we discussed the remaining details of power sharing mechanisms for NR-NR DC operation. We make following proposals:  

Proposal 1: for dynamic power control in NR DC when look-ahead is not considered
· It is for clarified that only the ongoing transmission in MCG is considered when determining the transmission power at the beginning of a transmission in SCG.
· To clarify which options is the correct behavior handling power limitation caused by a later transmission on MCG. 

Proposal 2: To determine the transmission at the start of a transmission of SCG, the UE should consider all DCIs of MCG and SCG that are received before . 

Proposal 3:  could equal to the minimum of  considering all the factors impacting . 
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ANNEX All agreements on power sharing [2][3][4][5]
	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. 

Agreements:
· Alt.2 of semi-static power sharing can be configured for both synchronous and asynchronous NR-DC scenarios. 
Conclusion:
· At least from UE power sharing perspective, the cases where one or both CGs have CC[s] over FR1 and FR2 are supported in Rel.16 NR-DC

Agreements:
· Support per FR configuration of parameter NR-DC-PC-mode for NR-DC 

Agreements:
· Alt.1-2 of semi-static power sharing can be configured for synchronous DC scenario only. 
· 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.

Agreements:
Offline consensus #2 in R1-1913407 is agreed. 

Agreements:
· Regarding whether semi-static power sharing or dynamic power sharing is explicitly configured by RRC signalling. 
· parameter NR-DC-PC-mode is extended to include dynamic power sharing configuration. 

Agreements:
For NR-NR DC, w.r.t. handling deprioritized uplink transmission
· left for UE implementation to determine scaling down or dropping

Agreements:
· For NR-DC dynamic power sharing, to compute the transmit power for SCG UL transmission starting at time T0,
· UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping MCG UL transmission, and 
· If such PDCCH(s) are detected, UE sets it’s transmit power in SCG (pwr_SCG) such that pwr_SCG <= min{PSCG, Ptotal – MCG tx power} where ‘MCG tx power’ is the actual transmission power of MCG
· Otherwise, pwr_SCG <= Ptotal;  
· UE does not expect to be scheduled by PDCCH(s) received on MCG after T0-[T_offset] that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission.  
· (working assumption) No new RRC signaling is introduced for T_offset: 
· Alt.1: T_offset <= T_proc,2
· Alt.2: T_offset <= 2*T_proc,2
· Alt.3: T_offset reasonbly larger than Alt 1. & Alt 2 but <=4ms
· To be addressed in the CR stage






