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In RAN#80 meeting, the WID on multi-RAT dual connectivity and carrier aggregation enhancements is approved which includes the target of supporting asynchronous and synchronous NR-DC [1]. The aspects corresponding to NR-DC are copied below.
	1. Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
· UE power control [RAN1]
· RRC signalling 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. 


From RAN1 perspective, the main objective is UE power control. In RAN1 Ad-Hoc meeting 1901, the following agreements have been achieved where independent power control per cell group is adopted for asynchronous NR-DC with FR1+FR2 band combination(s) [2]. 
	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.
Send an LS to RAN4 (cc RAN2) capturing the above – Kianoush (QC), R1-1901402, which is approved.


In RAN1#96 meeting, there was discussion on whether to support semi-static power sharing or dynamic power sharing or both, but no consensus was reached [3]. And in RAN1#96bis meeting, still no further agreement or conclusion was made on UE power control for NR-NR DC. In RAN1#98 meeting, following agreement on semi-static power sharing had been made [4].
	Agreements:
Considering the following two alternatives for semi-static power sharing with 
· Alt.1: For the uplink transmission in MCG, the UE checks the semi-statically configured direction of the overlapping symbols of all serving cells of SCG, and vice versa.
· If such overlapping with UL transmission on the SCG is possible (i.e. collides with semi-static ‘UL’ and ‘flexible’ symbols on some CCs of SCG), UE limits its actual transmission power  in MCG such that ;
· Otherwise (i.e. collides with only semi-static ‘DL’ symbols on all CCs of SCG),  can be up to  and  can be up to .
· Alt.1-1:  and  are configured by RRC signaling;
· Alt.1-2: and  are determined by RAN4 requirement.
· Alt.2: For the uplink transmission in MCG and in SCG, UE limits its actual transmission power  to be up to  and  to be up to .


And for the power determination for uplink transmissions on CC(s) in a same CG, the following agreement was determined [5].
	Agreements:
· Aim to reuse the existing CA power determination for uplink transmissions on CC(s) in a same CG.


In RAN1#98bis meeting, more agreements for semi-static power sharing and dynamic power sharing have been made [6].
	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 a synchronous DC (which may be the same or different for Alt. 1-2 and Alt. 2)
· For semi-static power sharing for NR-NR DC and dynamic power sharing for NR-NR DC (if supported)
· Virtual PHR for active CCs of another CG
· 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


This contribution mainly discusses the remaining problems of dynamic power and provides our preference. 
[bookmark: _Ref129681832]Discussion 
On the definition of look-ahead operation
According to the agreements, dynamic power sharing is supported for the good performance on uplink coverage and downlink throughput for both synchronous and asynchronous NR-DC. Look-ahead operation is also supported. However, the definition of look-ahead needs clarification.
[image: ]
Figure 1. Illustration of look-ahead operation
[bookmark: _GoBack]The difference between look-ahead and non-look-ahead is that whether a cut-off timing for a specific UL transmission power calculation starts right after the reception of the UL grant of the concerned PUSCH. For instance, as depicted in Figure 1, when UE determines the transmission power of PUSCH #1, UE will keep detecting if there is any DCI scheduling overlapping UL transmission until cut-off time . In conclusion, for the power calculation of UL transmission scheduled by a DCI, if a UE will not detect any other DCI after the reception of the DCI, then UE is working in non-look-ahead mode, otherwise UE is working in look-ahead mode.  
On the value of 
As we already discussed in the last meeting [7], According to the TS 38.214, during Tproc,2, UE will first decode the DCI then calculate the actual transmission power of this occasion and prepare for the signal. If the gap between the stopping time and the start time of the scheduling signal is smaller than Tproc,2, UE will not have enough time to take this kind of DCI into consideration for power calculation: the DCI, which schedules an uplink traffic overlapping with the concerned transmission, arrives within Tproc,2 and earlier than the stopping time. If the time gap is not smaller than Tproc,2, all the DCIs that detected before stopping time by UE can be counted. Thus, the  could be equal to Tproc,2.
Proposal 1: Look-ahead operation should be defined as: 
· To compute the transmission power for the DCI-scheduling uplink transmission starting at time  on a CG, a UE takes into account all DCIs received for the other CG until the time . 
·  should be specified as the value Tproc,2.    
For the PUSCH transmission configured by ConfiguredGrantConfig or semiPersistentOnPUSCH and SP/P-SRS transmission, a cut-off time for transmission power calculation has already been defined in subclause 7.7 of TS 38.213. This cut-off time can be reused for power calculation of these UL transmissions. 
Proposal 2: For transmission power calculation of configured grant and periodic/semi-persistent sounding reference signal transmissions, the cut-off time defined in TS 38.213 can be reused.
Besides, because the cut-off time for power calculation is always the same as Tproc,2, the power calculation of these kinds of UL transmission is the same irrespective of look-ahead mode.  
Observation: For configured grant and periodic/semi-persistent sounding reference signal transmissions, the power calculation remains the same regardless of look-ahead mode.
Conclusions
In this contribution, issues on uplink power control for NR-DC are discussed. The following proposals are provided:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation: For configured grant and periodic/semi-persistent sounding reference signal transmissions, the power calculation remains the same regardless of look-ahead mode.
Proposal 1: Look-ahead operation should be defined as: 
· To compute the transmission power for the DCI-scheduling uplink transmission starting at time  on a CG, a UE takes into account all DCIs received for the other CG until the time .
·  should be specified as the value Tproc,2.
Proposal 2: For transmission power calculation of configured grant and periodic/semi-persistent sounding reference signal transmissions, the cut-off time defined in TS 38.213 can be reused.
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