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During RAN1#98bis meeting, power control for NR-DC made a good progress on both semi-static power sharing and dynamic power sharing. In this contribution, we present our analysis on the remaining issues for NR-DC power control. 
Semi-static power sharing
For dynamic power sharing, the following agreements have been made in Rel-16. With these agreements, most of the semi-static power sharing issues have been settled down. Below, we discuss some remaining issues on semi-static power sharing.
	RAN1-98 (August 2019)
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. 
· 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 

RAN1-98bis (October 2019)
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.)



The first issue is whether Alt1-2 and Alt 2 are applicable to asynchronous or not. First of all, Alt 2 is applicable to both synchronous NR-DC and asynchronous NR-DC. Alt 1-2 requires UE to check the semi-static uplink/downlink direction in the other CG. If UE is capable of determining the timing offset (e.g., time shift) between MCG and SCG, UE is capable of determining the semi-static uplink/downlink direction of the other CG in asynchronous NR-DC. However, it seems there is no explicit UE capability report to indicate whether UE supports of determining the timing offset between MCG and SCG or not. One UE capability sftd-MeasPSCell related to SFTD measurement may be reused for this case. If sftd-MeasPSCell is included in UE-NR-Capability, it indicates that the UE supports SFTD measurement between PCell and PSCell in NR-DC. Thus, sftd-MeasPSCell can be an implicit indication to indicate whether UE supports determining the timing offset between MCG and SCG or not.
Observation 1: Alt 1-2 is applicable to asynchronous NR-DC network if the UE supports determining the timing offset between MCG and SCG. UE capability sftd-MeasPSCell can be used as an implicit indication to indicate whether UE supports determining the timing offset between MCG and SCG or not.
The second issue is how to switch between Alt 1-2 and Alt 2. The most straightforward way is to introduce a one-bit RRC IE to differentiate configuration of Alt 1-2 and Alt 2, which can offer the most flexibility for network scheduling.
Proposal 1: Introduce a one-bit RRC IE to differentiate configuration of Alt 1-2 and Alt 2. 

It is worth noting that for NE-DC in Rel-15, the overlapping determination is based on the unit of one slot/subframe. Even there is only one uplink/flexible symbol of one NR slot overlapping with one LTE subframe, the UE applies  as the maximum transmission power for all this LTE subframe. For Alt 1-2 of semi-static power sharing, whether to adopt slot-level, transmission-level or symbol-level overlapping determination should be further discussed.
For NR, we think the overlapping determination may be better to base on a per uplink transmission level. If we go with slot-level overlapping determination, it may be too rough. While if we go with symbol-level overlapping determination, it may cause phase discontinuity.
Proposal 2: For Alt 1-2, the overlapping determination is based on a per-transmission level. 
Even if we agree that overlapping determination is based on a per uplink transmission level. One thing is still not clear. As shown below in Figure 1, assuming there are two uplink transmissions in MCG, UL transmission 1 is overlapping with D and X symbol, UL transmission 2 is overlapping with D symbol only, then the maximum transmission power limits for transmission 1 and transmission 2 are different. The maximum transmission power for transmission 1 is PMCG since it overlaps with X symbol while the maximum transmission power for transmission 2 is PTotal since it only overlaps with D symbol.
[image: ]
Figure1. Overlapping determination for NR-DC.
Observation 2: If the determination is based on a per-transmission level, two overlapping uplink transmissions may be associated with different maximum transmission power even in the same symbol.
Dynamic power sharing
For dynamic power sharing, the following agreements have been made. The detailed operation of look-ahead has not been finalized.
	RAN1-98bis (October 2019)
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. 



Basically, there are two ways to define the look-ahead window for uplink transmission. One is to define an offset before the first symbol of the uplink transmission and the other way is to define the offset from the last symbol of the scheduling/triggering command of the uplink transmission. The main constraint of the size of look-ahead window is the uplink processing time. In other words, sufficient time shall be guaranteed for UE to prepare the uplink transmission. From this perspective, defining an offset before the first symbol of the uplink transmission is a desirable solution, which is compatible with the Rel-15 processing time definition.
For dynamic scheduled PUSCH, Tpro,2 can be used as the look-ahead offset. For configured grant PUSCH, since there is no scheduling PDCCH in this case, Tpro,2 can be used as the look-ahead offset without factoring in the numerology of PDCCH uDL. While for the other uplink transmissions, e.g., PUCCH, PRACH and SRS, how to determine the look-ahead offset for these uplink transmissions is still not clear. Further discussion is needed.
Proposal 3: The cut-off time of look-ahead operation is determined as an offset before the first symbol of one uplink transmission.
· For dynamic scheduled PUSCH, Tpro,2 is defined as the look-ahead offset;
· For configured grant PUSCH, Tpro,2 without factoring in the numerology of PDCCH uDL is defined as the look-ahead offset;
· For PUCCH, PRACH and SRS, further discuss how to determine the look-ahead offset.

Conclusion
To sum up, we present the following observations and proposals in this contribution.
Observation 1: Alt 1-2 is applicable to asynchronous NR-DC network if the UE supports determining the timing offset between MCG and SCG. UE capability sftd-MeasPSCell can be used as an implicit indication to indicate whether UE supports determining the timing offset between MCG and SCG or not.
Observation 2: If the determination is based on a per-transmission level, two overlapping uplink transmissions may be associated with different maximum transmission power even in the same symbol.
Proposal 1: Introduce a one-bit RRC IE to differentiate configuration of Alt 1-2 and Alt 2. 
Proposal 2: For Alt 1-2, the overlapping determination is based on a per-transmission level. 
Proposal 3: The cut-off time of look-ahead operation is determined as an offset before the first symbol of one uplink transmission.
· For dynamic scheduled PUSCH, Tpro,2 is defined as the look-ahead offset;
· [bookmark: _GoBack]For configured grant PUSCH, Tpro,2 without factoring in the numerology of PDCCH uDL is defined as the look-ahead offset;
· For PUCCH, PRACH and SRS, further discuss how to determine the look-ahead offset.
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