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Introduction
Various agreements have been made for NR-DC power-control [1]. In this contribution, we discuss remaining issues and present our proposals.
On support for FR1 + FR2 CA in one or both CGs
The WID scope is following.
	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. 



Since it does not have any restriction on CA configuration in a CG, we consider that the Rel.16 NR-DC supports the cases where one or both CGs have CCs across FR1 and FR2. An example configuration is illustrated below.
[image: ]
Fig.1	Example of NR-DC with FR1+FR2 CA per CG.
Proposal 1: RAN1 to clarify the cases where one or both CGs have CCs over FR1 and FR2 are supported in Rel.16 NR-DC.

UL power-control is independent between CCs in FR1 and CCs in FR2. Therefore, it is not necessary to configure the same PC mode for CCs in FR1 and for CCs in FR2. Rather, the PC mode should be separately configurable per FR. For example, specification should allow to configure the semi-static power-control Alt.2 for FR2, and the semi-static power-control Alt.1-2 for FR1. 
In the other example, a UE may be configured with a MCG with CCs in both FR1 and FR2 while a SCG with CCs in FR1 only, in which case the UE does not perform any power-sharing for CCs in FR2.
Proposal 2: Enable configuration of power-control mode per FR. 

Correspondingly, 38.213 should be updated such that the power-limited handling is carried out per FR. For example, for semi-static power-control Alt.1-2 for a FR, semi-statically configured transmission direction of overlapping symbols are checked within a FR; they are not checked for serving cells in another FR. 

Details of semi-static power-sharing
There are following FFSs in the agreement.
	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)



The UE behaviour in Alt.1-2 is similar to dynamic power-sharing, in a sense that the UE allocates full power to one CG if the UE knows there is no overlapping transmission in the other CG; the difference from dynamic power-sharing is that Alt.1-2 utilizes only semi-static configurations as the tool to identify whether there is potential overlapping transmission(s). 
However, overlapping or not should be based on actual timing, where transmission directions of overlapping symbols is depenent on TA difference(s) among TAG(s) over CGs and timing errors/drifts. For sync-DC, UL timing difference between two TAGs in different CGs may change within a certain range (take the existing inter-band synchronous EN-DC as an example, the range is [-35.21us, +35.21us] [2]). Once a TA command is received in slot n, the TA command is effective from the slot , and then overlapping symbols maybe changed. For async-DC, the UL timing difference between two TAGs in different CGs has no limitation and one-shot TA command for a TAG in a CG may change the UL timing with the range of [2ms/2, +2ms/2]. Furthermore, there could be timing drifts across CGs; the UE needs to check semi-static directions of serving cells in the other CG sometimes even without RRC reconfiguration and/or TA value change.
As such, for both sync-DC and async-DC, transmission direction of overlapping symbols cannot simply rely on semi-static configurations in some cases. For Alt.1-2, the UE should not be required to take into account all the dynamic factors to determine whether there is potential overlapping transmission(s).
Proposal 3: For Alt.1-2, the check of semi-static direction of overlapping symbol(s) should not require taking into account TAs and drift. For symbols where TAs and/or drift may impact the direction of overlapping symbol(s), it is up to UE whether to really check the directions, or to limit UL power of the symbols of the CG up to PCG.

Details of dynamic power-sharing
Following is the agreements for dynamic power-shaing.
	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. 



The above underlined parts should be common between dynamic power-sharing without look-ahead and with look-ahead. 
For dynamic power-sharing without look-ahead, whether there is overlapping transmission or not should be determined per MCG transmission occasion. The UE behaviour should be the following:
· Step 1: Per MCG transmission occasion, the sum power of MCG across all the serving cells is calculated and is passed to SCG. If needed, the sum power of MCG is scaled-down, taking into account the limitation configured by PMCG.
· Step 2: For a given SCG transmission occasion, if there is an overlapping transmission in MCG, the max power of the SCG is min{PSCG, Ptotal – MCG tx power}. Otherwise, it is PCMAX.
· Step 3: Per CG, CA power determination is performed similar to Rel.15 NR.

Proposal 4: For dynamic power-sharing without look-ahead, the procedure should be following:
· Step 1: Per MCG transmission occasion, the sum power of MCG across all the serving cells is calculated and is passed to SCG. If needed, the sum power of MCG is scaled-down, taking into account the limitation configured by PMCG.
· Step 2: For a given SCG transmission occasion, if there is an overlapping transmission in MCG, the max power of the SCG is min{PSCG, Ptotal – MCG tx power}. Otherwise, it is PCMAX.
· Step 3: Per CG, CA power determination is performed similar to Rel.15 NR.

[bookmark: _GoBack]For dynamic power-sharing with look-ahead, a SCG transmission occasion starting before a MCG transmission occasion takes into account the sum power of MCG in the MCG transmission occasion as long as a cetain set of conditions is satisifed. However, following should be taken into account for further detailed discussion. Simplification would be helpful. 
1. The calculated sum power of MCG in a MCG transmission occasion may not be the actual sum power of MCG in the occasion to be allocated: a UE may receive a DCI in MCG after passing the MCG sum power to SCG (i.e., T_offset before the SCG transmission occasion starts) and then the UE needs to compute MCG sum power again for the purpose of actual transmission and PHR computation. In the worse case, such doubled sum power computation is required for every transmission occasion.
2. The (dummy) sum power of MCG in each MCG transmission occasion would need to be calculated and passed to SCG everytime a SCG transmission is present.
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Fig.2	An example of MCG sum power computation where MCG has CC#1 and CC#2 while SCG has single CC.

Conclusion
[bookmark: _Ref450583331]This contribution paper discussed remaining issues on NR-DC power-control and proposed following:
Proposal 1: RAN1 to clarify the cases where one or both CGs have CCs over FR1 and FR2 are supported in Rel.16 NR-DC.
Proposal 2: Enable configuration of power-control mode per FR. 
Proposal 3: For Alt.1-2, the check of semi-static direction of overlapping symbol(s) should not require taking into account TAs and drift. For symbols where TAs and/or drift may impact the direction of overlapping symbol(s), it is up to UE whether to really check the directions, or to limit UL power of the symbols of the CG up to PCG.
Proposal 4: For dynamic power-sharing without look-ahead, the procedure should be following:
· Step 1: Per MCG transmission occasion, the sum power of MCG across all the serving cells is calculated and is passed to SCG. If needed, the sum power of MCG is scaled-down, taking into account the limitation configured by PMCG.
· Step 2: For a given SCG transmission occasion, if there is an overlapping transmission in MCG, the max power of the SCG is min{PSCG, Ptotal – MCG tx power}. Otherwise, it is PCMAX.
· Step 3: Per CG, CA power determination is performed similar to Rel.15 NR.
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