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Introduction
[bookmark: _Ref178064866]In this document we discuss remaining details of NR-DC power control framework. 
Discussion
In RAN1#98bis, the following was agreed for semi-static power sharing

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)    
One aspect that needs to be clarified for semi-static power sharing is applicability of the agreed alternatives to sync and async DC scenarios. For Alt 1-2, the UE limits its power on MCG by checking the semi-statically configured direction of the overlapping symbols of all serving cells of SCG, and vice versa. Async DC is targeted for non co-located deployments of MCG and SCG and for this case, the ‘overlapping symbols’ between MCG and SCG cells can change considerably based on TA updates made by the UE. Given this, Alt 1-2 is more suitable for sync DC scenarios than async DC. Alt 2 can be used for both sync and async DC. 
Proposal 1
· Semi-static power sharing Alt 1-2 is supported for sync DC case.
· Semi-static power sharing Alt 2 is supported for both sync and async DC cases

In RAN1#98bis, the following was agreed for dynamic power sharing

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. 
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Figure 1 – Power sharing framework for NR-DC

For dynamic power sharing, we prefer the framework shown in Figure 1 above and described below (also discussed in [1])

· 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
· 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

It should be noted that if Case B above occurs frequently, the UE frequently applies a limit on CG1 transmissions even when there is no transmission on CG2. This can be avoided by the gNB(s) by configuring their scheduling parameters (i.e., k1,k2) appropriately. If the gNBs configure minimum k1,k2  such that that the delay between a DL grant/assignment(s) and the corresponding UL transmission(s) is generally ensured to be greater T_offset + maximum possible time difference between CG1 and CG2 (Td), the occurrences of Case B can be reduced. 
Considering the agreements from RAN1#98bis, one issue that needs to be clarified is how the UE determines whether there is overlapping transmission or not in other CG for the dynamic power sharing case. As discussed above, we propose the following for determining the overlap

Proposal 2
· For NR-DC dynamic power sharing case, to compute the transmit power for CG1 UL transmission starting at time T0, 
a) 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; 
b) 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;
c) Otherwise (i.e., if a, b above are not applicable), P_limit_CG1 is not applied for CG1 UL transmission.
Regarding T_offset, this can be similar to the T_proc specified in Rel15 for UCI multiplexing related UE procedures. If this is made a UE capability to account for different UE implementations, it is preferable from NW perspective to provide the option of configuring one offset to all the UEs in a cell via RRC.

[bookmark: _GoBack]In post RAN1#98bis email discussions, it was also discussed whether dynamic power sharing is limited to only cases when ‘P_MCG+P_SCG >= P^NR-DC_total’. Considering an example, if P_MCG=P_SCG=20dBm is configured for a UE with 23dBm power limit and dynamic power sharing capability, UE tx power on MCG or SCG can go up to 23dBm whenever there is no overlapping transmission on other CG. This is not possible with semi-static power sharing Alt 2, Alt 1-2. Precluding this setting forces the NW to configure P_MCG+P_SCG >= 23dBm to achieve the above behavior. Having the limitation saves at most one RRC configuration bit but in our view it introduces an unnecessary limitation on NW flexibility. Therefore, we prefer to have an RRC indication that independently separates configuration of dynamic power sharing from semi-static power sharing Alt2/Alt1-2.
Conclusions
In this document, we discuss the framework for NR-NR DC power control and propose the following.
Proposal 1
· Semi-static power sharing Alt 1-2 is supported for sync DC case.
· Semi-static power sharing Alt 2 is supported for both sync and async DC cases


Proposal 2
· For NR-DC dynamic power sharing, to compute the transmit power for CG1 UL transmission starting at time T0, 
d) 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; 
e) 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;
f) Otherwise (i.e., if a, b above are not applicable), P_limit_CG1 is not applied for CG1 UL transmission.
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