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[bookmark: _Ref7476982]Introduction 
The Rel-16 WI on MR-DC & eCA was completed at RAN1#99 meeting. However, there are still several remaining issues need further clarification. Therefore, we provide our views on the remaining issues on power sharing in this contribution.
[bookmark: _Hlk17221238][bookmark: p1]Discussions
In RAN1#100b_e meeting, dynamic power sharing handling DCI format 2_2, 2_3, UL cancellation and semi-statically configured UL transmission such as P-CSI, SR, SRS and CG PUSCH were discussed, however no agreement was made. 

Handling TPC Commands in DCI format 2_2 

When UE has an SCG UL transmission and an overlapping MCG UL transmission, for adjusting the power of the MCG UL transmission, two alternatives are still open for discussions.
· Alt.1: the UE shall only consider TPC commands that are provided by DCI format 2-2 with a last symbol that is earlier by at least  from the first symbol of the transmission occasion on the SCG
· Alt.3: the UE does not expect to receive TPC commands that may impact on the transmission power of the MCG UL transmission that are provided by DCI format 2-2 in PDCCH receptions with a last symbol that is not earlier by at least  from the first symbol of the transmission occasion on the SCG

[bookmark: _GoBack]Essentially, the same behaviour is targeted by the two wordings of Alt.1 and Alt.3. An identified issue is that UE may not know whether there is overlapped MCG and SCG transmissions in future when a DCI format 2_2 for MCG is received. As shown in Figure 1 (Figure provided by Qualcomm in the email discussion), there are overlap transmissions between MCG and SCG finally. However, when DCI 2_2 is received on MCG, the DCI scheduling a PUSCH on SCell is not received yet. As a result, UE doesn’t know DCI 2_2 is inapplicable when the DCI is received. One problem of Alt.3 is that it uses “the UE does not expect to receive TPC commands …”. As shown in Figure 1, UE doesn’t know there is overlap between MCG and SCG in a future time hence UE must receive the DCI 2_2, which conflicts Alt.3. To solve this issue, Alt.3 could be changed as “the UE does not expect to apply TPC commands …”. After UE receives the DCI 2_2, it is up to UE to handle the DCI before knowing the overlap between MCG and SCG. After UE knows the overlap, it is up to UE implementation that the DCI 2_2 is not applied for power control of MCG. 

[image: ]
Proposal 1: When UE has an SCG UL transmission and an overlapping MCG UL transmission, for adjusting the power of the MCG UL transmission, the UE does not expect to apply TPC commands that may impact on the transmission power of the MCG UL transmission that are provided by DCI format 2-2 in PDCCH receptions with a last symbol that is not earlier by at least  from the first symbol of the transmission occasion on the SCG

	
Handling TPC Commands in DCI format 2_3 

As already discussed in last RAN1 meeting, DCI format 2_3 triggers SRS transmission, which could be treated similarly as dynamically scheduled PUSCH. That is, UE does not expect that a SRS is scheduled by a received DCI format 2_3 on MCG after T0-T_offset that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission. 

Proposal 2: UE does not expect that a SRS is scheduled by a received DCI format 2_3 on MCG after T0-T_offset that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission.


Handling UL Transmission Cancelation on MCG

Due to the reception of DCI format 2_0/2_4, UE may cancel a UL transmission on MCG, which then has impact on the power allocation. In general, if the DCI format 2_0/2_4 is received before , it could be considered in the power allocation. That is, there is no power allocated to the cancelled MCG transmission. On the other than, if a DCI format 2_0/2_4 is received after , UE can still cancel the transmission on MCG, however, the power reserved for MCG is not changed since there is no enough time to use the power in SCG. 

There is a FL proposal which is copied below, 
· When UE has overlapping transmissions an SCG UL transmission and an overlapping MCG UL transmission,
· The UE does not expect to detect a DCI format 2_0 or a DCI format 2_4 that may impact on the transmission power of the MCG UL transmission in a PDCCH reception with a last symbol that is earlier by less than T_offset from the first symbol of the transmission occasion on the SCG;
· It is up to UE whether to take into account UL skipping for CG-PUSCH or DG-PUSCH according to section 5.4.3.1.3 of TS 38.321

The problem is similar to that shown in Figure 1 for the case handling TPC Commands in DCI format 2_2. The UE may not know whether it should detect a DCI format 2_0/2_4 since UE cannot know there is an overlap in the future. 

Proposal 3: When UE has an SCG UL transmission and an overlapping MCG UL transmission,
· The UE does not expect to apply a DCI format 2_0 or a DCI format 2_4 that may impact on the transmission power of the MCG UL transmission in a PDCCH reception with a last symbol that is earlier by less than T_offset from the first symbol of the transmission occasion on the SCG;
· It is up to UE whether to take into account UL skipping for CG-PUSCH or DG-PUSCH according to section 5.4.3.1.3 of TS 38.321


Power Determination for PUCCH and SRS Transmission

To handle the transmission of P/SP-CSI, SRS and CG PUSCH, there was a FL proposal as below
· UE assumes there is always UL transmission in the periodic PUCCH (e.g. P-/SP-CSI) resource and P-/SP-SRS resource
· If the higher layer configured UL transmission is cancelled due to the UE internal process (e.g. SR and CG-PUSCH), it is up to UE whether to take it into account for power determination. 
· If the higher layer configured UL transmission is cancelled due to a DCI indication, the UE does not expect to receive such DCI in PDCCH receptions with a last symbol that is not earlier by less than or equal to  from the first symbol of the transmission occasion of the SCG

From our point of view, the FL proposal is fine except correcting some typos. 

Proposal 4: When UE has an SCG UL transmission and an overlapping MCG UL transmission, to handle the transmission of P/SP-CSI, SRS and CG PUSCH on MCG,
· UE assumes there is always UL transmission in the periodic PUCCH (e.g. P-/SP-CSI) resource and P-/SP-SRS resource
· If the higher layer configured UL transmission is cancelled due to the UE internal process (e.g. SR, and CG-PUSCH), it is up to UE whether to take it into account for power determination. 
· If the higher layer configured UL transmission is cancelled due to a DCI indication, the UE does not expect to receive such DCI in PDCCH receptions with a last symbol that is not earlier by less than or equal to  from the first symbol of the transmission occasion of the SCG
Conclusion
In this contribution, we discussed the remaining details of dynamic power sharing mechanisms for NR-NR DC operation. We make following proposals:  

Proposal 1: When UE has an SCG UL transmission and an overlapping MCG UL transmission, for adjusting the power of the MCG UL transmission, the UE does not expect to apply TPC commands that may impact on the transmission power of the MCG UL transmission that are provided by DCI format 2-2 in PDCCH receptions with a last symbol that is not earlier by at least  from the first symbol of the transmission occasion on the SCG

Proposal 2: UE does not expect that a SRS is scheduled by a received DCI format 2_3 on MCG after T0-T_offset that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission.

Proposal 3: When UE has an SCG UL transmission and an overlapping MCG UL transmission,
· The UE does not expect to apply a DCI format 2_0 or a DCI format 2_4 that may impact on the transmission power of the MCG UL transmission in a PDCCH reception with a last symbol that is earlier by less than T_offset from the first symbol of the transmission occasion on the SCG;
· It is up to UE whether to take into account UL skipping for CG-PUSCH or DG-PUSCH according to section 5.4.3.1.3 of TS 38.321

Proposal 4: When UE has an SCG UL transmission and an overlapping MCG UL transmission, to handle the transmission of P/SP-CSI, SRS and CG PUSCH on MCG,
· UE assumes there is always UL transmission in the periodic PUCCH (e.g. P-/SP-CSI) resource and P-/SP-SRS resource
· If the higher layer configured UL transmission is cancelled due to the UE internal process (e.g. SR, and CG-PUSCH), it is up to UE whether to take it into account for power determination. 
· If the higher layer configured UL transmission is cancelled due to a DCI indication, the UE does not expect to receive such DCI in PDCCH receptions with a last symbol that is not earlier by less than or equal to  from the first symbol of the transmission occasion of the SCG
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ANNEX All agreements on power sharing [2][3][4][5][6][7]
	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.

Agreements:
· Aim to reuse the existing CA power determination for uplink transmissions on CC(s) in a same CG. 

Agreements:
· Slide 3 of R1-1909864 is agreed

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.)

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. 

Agreements:
· Alt.2 of semi-static power sharing can be configured for both synchronous and asynchronous NR-DC scenarios. 
Conclusion:
· At least from UE power sharing perspective, the cases where one or both CGs have CC[s] over FR1 and FR2 are supported in Rel.16 NR-DC

Agreements:
· Support per FR configuration of parameter NR-DC-PC-mode for NR-DC 

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:
Offline consensus #2 in R1-1913407 is agreed. 

Agreements:
· Regarding whether semi-static power sharing or dynamic power sharing is explicitly configured by RRC signalling. 
· parameter NR-DC-PC-mode is extended to include dynamic power sharing configuration. 

Agreements:
For NR-NR DC, w.r.t. handling deprioritized uplink transmission
· left for UE implementation to determine scaling down or dropping

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
· To be addressed in the CR stage




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 , where:
·  is the maximum UE processing time among any of the possible values from , , , , and/or  as specified in TS38.213 and TS38.214 based on the configurations for the MCG.
·  is the maximum UE processing time among any of the possible values from , , , , and/or  as specified in TS38.213 and TS38.214 based on the configurations for the SCG.
· This is the “DPS without look-ahead”.
· Alt.2: T_offset =<= 2*T_proc,2, where:
·  is the maximum UE processing time among any of the possible values from , , , and/or , as specified in TS38.213 and TS38.214 based on the configurations for the MCG.
·  is the maximum UE processing time among any of the possible values from , , and/or , as specified in TS38.213 and TS38.214 based on the configurations for the SCG.
· This is the “DPS with look-ahead”.
· Alt.3: T_offset reasonbly larger than Alt 1. & Alt 2 but <=4ms
· To be addressed in the CR stage
· A UE reports the UE capability of Alt.1 and/or Alt.2.
· Details up to UE feature list discussion
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