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1	Introduction
In RAN1 #98bis, it was agreed on the overall structure how to support power sharing between MCG and SCG for NR-NR DC. Semi-static power sharing is agreed to be supported with two sub schemes, and dynamic power sharing is supported with UE capability. Dynamic power sharing may be supported together with look-ahead, if UE reports its capability.
In RAN1#100e meeting, RAN1 sent an LS R1-2001421 to RAN2 on NR DC ULPC. As stated in the document itself, the main action for RAN2 is:
ACTION: 	RAN1 respectfully asks RAN2 to review this working assumption. In particular, RAN1 would like to know whether the working assumption has any negative impacts for NR-DC operation from RAN2’s point of view, and if yes, the reason(s) and the actual impact(s). 
In this document we discuss whether the working assumption has any negative impacts for NR-DC operation.
2	NR DC Uplink Power Control
According to RAN1, for NR DC two types of power control schemes were defined for NR DC UL PC: 1) semi-persistent power sharing and 2) dynamic power sharing. 
	Semi-Static Power Sharing

	RAN1 #98 
Agreements:
· 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
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)     



As discussed in e.g. R1-1910607, while semi-static power sharing is similar with Rel-15 concept where either single constant value of peak power or time domain pattern based multiple values of peak power are configure per CG, dynamic power sharing may utilize look-ahead window which shows benefits on asynchronous DC.
	Dynamic power sharing with/without look-ahead operation

	Dynamic power sharing with/without look-ahead operation is supported in Rel-16 with separated UE capability. 
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:
· 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




So based on the agreements we have that:
· UE determines its tx power for MCG without look-ahead operation. For MCG there is no look-ahead approach. 
· If there is no SCG transmission ongoing, UE can performs full power transmission in MCG
· If there is on-going SCG transmission, UE can use remained power for MCG transmission
· In case of UL SCG transmission, UE determines its tx power for SCG with or without look-ahead window. But per latest RAN1 agreements, it was prioritized the case when UE determines its tx power for SCG with look-ahead operation 
Assume UE is scheduled in SCG UL transmission, at which point the look-ahead window operation starts:
· Only SCG UL operation may be affected by look-ahead: MCG UL operation remains unchanged by look-ahead: That is, if UE receives MCG UL scheduling, it will always respond to that in the same way as in Rel-15. Hence, MCG UL operation should never be affected by the look-ahead.
· If UE receives no MCG UL scheduling during the look-ahead window: UE shall utilize full power for SCG UL transmission (i.e. according to SCG UL PC). Hence, the look-ahead window allows SCG to use full UL power in case MCG abstains from scheduling UL for the UE.
· If UE receives MCG UL scheduling during the look-ahead window: UE will shall only use up to MP_SCG for the SCG UL transmission power (i.e. SCG UL power may be reduced). Hence, if MCG schedules the UE for UL transmission, there is impact to available power for SCG UL transmissions.
· If UE receives MCG UL scheduling after the look-ahead window, MCG+SCG UL overlap may occur: UE shall always utilize MCG UL power as scheduled (i.e. MCG is prioritized), which may impact SCG UL transmission power (i.e. this may clip the SCG UL power during the SCG UL trannsmission, which means network should avoid doing this as it may destroy the reception of the UL signal). Hence, network should avoid having such cases to occur as they can impact the system performance.

In case of partially overlapped UL transmissions, when the later transmission has higher priority than the early one, UE may reduce the transmission power for remained part of early transmission or drop the remained part of the early transmission. The partial drop or partial transmission can be prevented by dynamic look-ahead. 
3	DPS operation with look-ahead
According to RAN1#100e the following agreements were done:
	Update the previous agreement as follows (changes in red):
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


According to new working assumption above, dynamic power sharing always support look-ahead operation, and different value of T_offset will be in used. The value of T_offset defines the size of look-ahead window where UE searches a possible overlapped transmission, having consequences as well on UL MCG scheduling. This is illustrated in Figure 2 below.
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Figure 2 MCG scheduling restrictions as a function of T_offset: Impact of Small T_offset vs. Large T_offset
T_offset defines the size of look-ahead window where UE searches a possible overlapped transmission to adjust its SCG UL power. As shown in Figure 2, small size of T_offset means more scheduling freedom on MCG, while large value of T_offset means scheduling restrictions on MCG.
Observation 1: The T_offset impact on MCG scheduling can be prohibitively large, resulting in severe performance degradation.
RAN1 defined two different rules of extracting T_offset value (Alt 1, Alt 2) where Alt 1 may include large value, since it can be up to  which would be the largest UE processing time.  So, T_offset (in Alt 1) relies on , , , ,  of MCG and SCG, and SCG may need to share all the value of these parameters to MCG. Therefore, T_offset has important impact on MCG scheduling. 
Observation 2:   is the largest UE processing time with large variation on the value. 
Based on the analysis above, Alt1 enables a large T_offset which causes scheduling restriction on MCG. With such large T_offset, SCG cause limited utilization at MCG, which means SCG has higher priority than MCG. We do not think this would be neither good nor aligned approach with the motivation of DC, from NW deployment point of view. 
Observation 3: Ultimately, Alt1 (i.e. large T_offset) will put higher priority on SCG scheduling than MCG scheduling which enables that MCG may end up not scheduling anything, which is rather undesirable behavior.
Observation 4: Working assumption has any negative impacts for NR-DC operation from RAN2’s point of view.
Generally, the decisions on how to perform scheduling are normally left to each node: In this case, the SCG decisions can have impact on the MCG decisions if MCG has chosen to utilize the look-ahead scheduling. This is against the intention of the look-ahead scheduling to not impact MCG, and should be a reason to avoid having a larget T_Offset value.
Proposal 1: Indicate to RAN1 that an unnecessarily large T_Offset as per RAN1 working assumption has negative impacts for NR-DC operation. 
Proposal 2: Indicate to RAN1 that in RAN2 viewpoint, Alt2 (i.e. smaller T_offset option) should be adopted due to allowing more flexibility for MCG scheduling.
Proposal 3: Agree to RAN1 reply LS according to R2-2002980 (i.e. reply LS to RAN1 informing RAN2 has strong concerns on Alt.1 since it will impact system performance. 
4	Conclusion
In this document we discuss whether the working assumption has any negative impacts for NR-DC operation.
Observation 1: The T_offset impact on MCG scheduling can be prohibitively large, resulting in severe performance degradation.
Observation 2:   is the largest UE processing time with large variation on the value. 
Observation 3: Ultimately, Alt1 (i.e. large T_offset) enables that MCG may end up not scheduling anything, which is rather undesirable behavior.
Observation 4: Working assumption has any negative impacts for NR-DC operation from RAN2’s point of view.
Proposal 1: Indicate to RAN1 that an unnecessarily large T_Offset as per RAN1 working assumption has negative impacts for NR-DC operation. 
Proposal 2: Indicate to RAN1 that in RAN2 viewpoint, Alt2 (i.e. smaller T_offset option) should be adopted due to allowing more flexibility for MCG scheduling.
Proposal 3: Agree to RAN1 reply LS according to R2-2002980 (i.e. reply LS to RAN1 informing RAN2 has strong concerns on Alt.1 since it will impact system performance. 
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