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Introduction
In the report of email discussion [108#15][DCCA] Power control for ND DC (vivo) [1], there was no agreement on whether the NR-DC-PC-mode parameter shall be exchanged between MN and SN. It was agreed to discuss the topic further during RAN2#109. This contribution addresses this topic.
[bookmark: _Ref178064866]Discussion
In the email discussion, four companies were for exchanging the NR-DC-PC-mode parameter between MN and SN and three companies were against. There is thus a slight majority for introducing the signalling of NR-DC-PC-mode parameter. In order to better understand the situation, let us analyse the company input in the comments field.

Arguments raised against exchanging the NR-DC-PC-mode parameter between MN and SN:

1. The UE behaviour is explicit for handling situations of UL transmission collisions	
2. The power control mode is implicitly indicated by the power coordination parameters signalled to SN from MN, which is the same way as EN-DC.
3. Regardless of the power control mode, the SN will always have insufficient information whether UE is allowed to utilize the full power for UL transmission.

While we agree with the point 1, that the UE behaviour for handling situations of UL transmission collisions is defined and not dependent on the SN knowing the power control mode, we disagree with point 2 that the SN would be able to determine the power control mode from the power coordination parameters received from the MN. This was the case for EN-DC, where PMCG + PSCG <= Ptotal, indicated semi-persistent power sharing and PMCG + PSCG > Ptotal indicated dynamic power sharing. For NR-DC there are now three power control modes; semi-static mode1, semi-static mode2 and dynamic), so it is no longer possible for the SN to determine which of the modes is configured simply based on PMCG and PSCG. Furthermore, the way the power control modes are defined makes it impossible for the SN to determine whether MN selected semi-static or dynamic power control. 

In brief, the power control modes for NR-DC are (see Annex for more detailed RAN1 agreements):

Semi-static mode 1: UE checks semi-static configured direction of overlapping UL symbols of MCG and SCG
· If such overlapping is possible, UE limits its transmission power in MCG to max PMCG and in SCG to max PSCG; 
· Otherwise, the UE transmit power can be in MCG max P’MCG and in SCG max P’SCG. P’MCG and P’SCG  are defined by RAN4.

Semi-static mode 2: UE limits its transmission power in MCG to max PMCG and  in SCG to be max PSCG
Dynamic: 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 <= min{PSCG, Ptotal – MCG tx power} 
· Otherwise, UE sets it’s transmit power in SCG <= Ptotal; 
 
As can be seen, the definition of dynamic power sharing has changed for NR-DC, compared to EN-DC. PSCG is now used to limit the UE power in the event of UL transmission collision between MCG and SCG. Otherwise, if there is no UL collision, the UE may use up to Ptotal. Thus, for dynamic power sharing, the sum of PMCG and PSCG is not necessarily > Ptotal.

[bookmark: _Toc32417037]The SN is not able to determine the power control mode for NR-DC from currently agreed power control parameters, as was the case for EN-DC.

The question then is whether the SN needs to know the power control mode or not. With the new definition of dynamic power control for NR-DC and the introduction of semi-static mode 1, unless the SN knows the power control mode selected by the MN, the SN will not be able to determine whether the UE is allowed to exceed the limit put by PSCG for the case where there is no overlap between UL transmission on MCG and SCG. 

[bookmark: _Toc32417038]Without knowledge of the power control mode, the SN cannot determine whether the UE is allowed to exceed the PSCG for the case where there is no overlap between UL transmission on MCG and SCG.

In the email discussion [1] it was argued that the SN would need to know also the semi-static TDD pattern of the MCG in order to benefit from knowing the power control mode. The argument was that for semi-static mode 1, in which the UE limits the transmit power based on possible overlap between UL transmissions on MCG and SCG, the SN would need to know the TDD pattern in order to determine whether there is any overlap with MCG transmission. It was further raised in point 3, that it will not be possible for the SN to determine exactly when such overlap in the UE occurs, even if SN would be aware of the TDD pattern. It is true that according to RAN1 agreement, it is up to the UE to determine whether there is any UL overlap (e.g., timing difference, drift). However, semi-static mode 1 PC is only configured for synchronous NR-DC operation. There are also other configurations in which colliding UL transmission in MCG and SCG can be excluded, e.g. TDM operation. 

Even if the SN may not be able to determine with 100% accuracy whether the UE determines there is a UL collision or not, if it knows that MN has selected semi-static power control mode 1 or dynamic power control, it can use this information in scheduling and link adaptation to increase UL bit rate. With semi-static power control mode 2, the SN knows the UE will never exceed PSCG, and can schedule accordingly.

[bookmark: _Toc32417039]The SN can use the power control mode in scheduling and link adaptation decisions to optimize uplink performance.

In summary, in our opinion there are benefits for the SN to know the power control mode selected by the MN and therefore we propose to add the NR-DC-PC-mode parameter to CG-ConfigInfo.
 
1. [bookmark: _Toc29909832][bookmark: _Toc31900754][bookmark: _Toc31982863][bookmark: _Toc31984178][bookmark: _Toc32335428][bookmark: _Toc32392708]NR-DC-PC-mode parameter is included in CG-ConfigInfo.
Conclusion
In the previous sections we made the following observations: 

1. The SN is not able to determine the power control mode for NR-DC from currently agreed power control parameters, as was the case for EN-DC.

Without knowledge of the power control mode, the SN cannot determine whether the UE is allowed to exceed the PSCG for the case where there is no overlap between UL transmission on MCG and SCG.

The SN can use the power control mode in scheduling and link adaptation decisions to optimize uplink performance.

Based on the discussion in section 2 we propose the following:

1. NR-DC-PC-mode parameter is included in CG-ConfigInfo.
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Annex
RAN1 agreements:
Agreements: Slide 3 of R1-1909864 is agreed:

· [Offline consensus] 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. 
· [bookmark: _Hlk32332886]Alt.2: For the uplink transmission in MCG and in SCG, UE limits its actual transmission power  to be up toand   to be up to 

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:
· 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:
· Alt.2 of semi-static power sharing can be configured for both synchronous and asynchronous NR-DC scenarios. 
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

