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1 Introduction
This document summarizes contributions submitted to RAN1#98bis on AI 7.2.13.1 to facilitate progress on uplink power control for NN-DC. 
· Down-selection of Semi-Static Power Sharing candidates 
· Details of Dynamic Power Sharing operation 
· PHR reporting
2. On Semi-Static Power Sharing Operation
2.1 On solutions of semi-static power sharing 
Issue 1: down-selection of semi-static power sharing schemes 
The following was agreed in RAN1 #98 meeting for semi-static power sharing operation for NR-NR DC
	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 


The proposals and views from different companies can be summarized in the following table: 
Table 1: Summary of companies views on semi-static power sharing operation
	Category 
	No. companies
	Companies

	Alt.1
	9
	Qualcomm, CATT, ZTE, vivo, Samsung, Intel, Apple, Motorola Mobility, Lenovo 

	Alt.2
	1
	OPPO 

	Other proposals not aligned with offline agreements
	
	


It is apparent that Alt.1 is support by majority companies due to the benefit in terms of power utilization.
Another open issue relates to determination of  and  value in case of other CG is DL transmission. In RAN1 #98 meeting, two alternatives were agreed as follows: 
· Alt.1-1:  and  are configured by RRC signaling. 
· Alt.1-2:  and  are determined by RAN4 requirement. 
Alt.1-2 intends to reuse the framework of NE-DC. The  and  are determined by UE subject to RAN4 requirement (e.g. MPR, A-MPR, P-MPR. Table 2 summarized companies views based on proposals in contributions: 
Table 2: Summary of companies views on  and  value determination
	Category 
	No. companies
	Companies

	Alt.1-1
	1
	CATT

	Alt.1-2
	8
	ZTE, vivo, Intel, Apple, Motorola Mobility, Lenovo, Ericsson, Samsung


Alt.1-2 clearly receives majority support and hence feature leader tends to add it into FL proposal for support of semi-static power sharing unless strong valid concern(s) is received. In addition, the benefit/use case to allow RRC-configured  and  are not clear since it can be directly derived based on Pc,max value as in current RAN4 spec for NE-DC.   

In [14], it was proposed to add one clarification for Alt.1, which is motivated to exclude dynamic information or factor from UE checking operation, e.g. time accuracy, drift in case of asynchronous DC case.     
· 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. 

[Offline proposal]: 
· Adopt Alt.1-2 and Alt.2 for semi-static power sharing for NR-NR DC.
· Alt.1-2 is subject to configured maximum transmission power defined by RAN4 
· [bookmark: _GoBack]Configuration between Alt.1-2 and Alt.2 is Supported.
· FFS: add more clarification
· FFS: applied for synchronous DC or asynchronous DC scenario.    
Companies are encouraged to provide views on offline proposal and especially the addition of clarification sentence for Alt.1: 
	Companies 
	Views

	ZTE
	We are fine to adopt Alt.1 and Alt.1-2 for semi-static power sharing for NR-NR DC.

Before we provide our views on time accuracy and drift in case of asynchronous DC, we’d like to first check companies’ understanding on Rel-15 NE-DC power sharing. The similar issues on time accuracy and drift in case of asynchronous DC also exist in Rel-15 NE-DC. However, the Rel-15 spec doesn’t mention whether the UL/DC configuration checking in NE-DC power sharing is applicable to asynchronous DC or not.  There are at least three understandings on UL/DL configuration checking in Rel-15 NE-DC in case of async NR-DC.
1. UL/DL configuration checking in Rel-15 NE-DC is not applicable to async NR-DC.
2. UL/DL configuration checking in Rel-15 NE-DC is applicable to async NR-DC, UE is required to take the time accuracy and drift into account.
3. UL/DL configuration checking in Rel-15 NE-DC is applicable to async NR-DC, it is up to UE whether to take the time accuracy and drift into account.
We’d like to check companies’ common understanding on the above issue.

	Motorola Mobility, Lenovo
	Alt.1 and Alt.1-2 if semi-static power sharing is supported for NN-DC. 
We do not see the need to add/specify any further clarification.  





Issue 2: Slot-level vs. symbol-level overlapping determination
Another discussion point raised in [2] is the checking duration to apply  and  for an uplink transmission. 
	· Proposal 9: For Alt1 of semi-static power sharing, whether to adopt slot-level or symbol-level overlapping determination should be further discussed.


Referring to Alt.1 above, “for the uplink transmission in MCG, the UE checks the semi-statically configured direction of the overlapped symbols of all serving cells of SCG”. In accordance to the text highlighted, UE applies  and  only if all overlapping symbols with the uplink transmission are DL on the other CG. In other words, the overlapping is determined on a per uplink transmission occasion level. This was further illustrated in FIG.1 and its description in [14]. 
Companies comments on the interpretation above, if any, can be provided in the following table:  
· Alt.1: On a symbol-level. 
· Alt.2: On a per uplink transmission level. 
· Alt.3: Others       
	Companies 
	Views

	vivo
	Support Alt.2, power change within an uplink transmission should be avoided.

	ZTE
	In NE-DC, the overlapping determination is slot-level/subframe-level. Even there is only one uplink/flexible symbol of one NR slot overlapping with one LTE subframe, the UE applies PLTE as the maximum transmission power for all transmissions in this LTE subframe no matter whether the LTE transmission in the subframe overlaps with the NR uplink/flexible symbol or not.
As for NR, we also 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.
Even if we agree that overlapping determination is based on a per uplink transmission level. One thing is still not clear. As shown below, 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.
To avoid this issue, it seems that the overlapped uplink transmissions shall be regarded as a whole to determine whether they are overlapped with U/X symbols. By this way, the maximum transmission power for transmission 1 and transmission 2 is both PMCG in this example.
[image: ]


	Motorola Mobility, Lenovo
	Alt 2. 
In our understanding, there is only UE maximum power limit for all overlapping UL transmissions in a CG. 



[Offline proposal]: Continue discussions


2.2 UE capability  
Issue 3: UE capability for support semi-static power sharing.

The proposals from different companies on UE capability for semi-static power sharing operation was summarized below. Note that ‘Mandatory’ implies that the (sub) feature is always supported when the UE reports to be capable of Rel-16 NR-NR DC; ‘Optional’ implies that a separate UE capability is needed (hence not mandated to support) even when the UE is capable of Rel-16 NR-NR DC. 
Table 4: Summary of companies views on UE capability for semi-static power sharing 
	Category
	No. companies
	Companies 

	Mandatory 
	
	OPPO, MediaTek, Apple, vivo

	Optional with dynamic power sharing mandatory
	
	Motorola Mobility, Lenovo

	Handle in UE features discussions together with other Rel-16 features 
	
	



Companies that are not included in the Table above are encouraged to share views on this aspect by revising Table directly.  
[Offline proposal]: Continue discussions



3. On Dynamic Power Sharing Operation
In the RAN1 #98 meeting, a design objective was agreed to reuse the existing CA power determination for uplink transmissions on CC(s) in a same CG to simplify implementation and standard efforts: 
	Agreements:
· Aim to reuse the existing CA power determination for uplink transmissions on CC(s) in a same CG. 


Two controversial issues regarding dynamic power sharing still exist, one is whether and how to define ‘look-ahead’ behavior and the other is priority order determination for the overlapped uplink transmissions across CGs.

3.1 Look-ahead operation 
Issue 4: ‘Look-ahead’ vs. ‘no look-ahead’

The following options summarize the proposals of ‘look-ahead’ operation based on the companies’ contribution: 
	Category
	Description

	Alt.1
	· UE is configured with  for MCG and  for SCG. 
· To compute the transmit power for UL transmission starting at time  on the MCG (or SCG),  
· UE checks for PDCCH(s) received before Time  that trigger overlapping UL transmissions on SCG (or MCG). 
· If such PDCCH(s) are detected, UE limits its transmit power  (or ) in MCG (or SCG) such that  (or ); 
· UE also checks (based on RRC paramters tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if any possible overlapping SCG (or MCG) UL transmissions can be triggered by PDCCHs after , 
· if such overlapping UL transmissions on MCG are possible, UE limits its transmit power  (or ) in MCG (or SCG) such that  (or );
· Otherwise,  (or ) is not applied and UE transmits power for the UL transmissions on MCG can be up to ‘full power’ allowed by RAN4 requirements.  

	Alt.2 
	· UE is configured with a minimum guaranteed power (MGP) limits for MCG and SCG separately. 
· To compute the transmit power for CG1 UL transmission starting at time T0, a UE considers a power for later scheduled overlapping transmissions up to the cut-off time T0-T_offset (T_offset = Rel-15 PUSCH preparation time)
· In case of a power-limited situation, the UE allocates power for an UL transmission by: 
· considering allocated powers for overlapping transmissions whose power are already determined – once the transmit power for a transmission is computed, UE will not re-calculate/re-adjust the transmit power based on upcoming transmission regardless of priority levels; 
· assigning power to higher priority, overlapping transmissions whose power is yet to be determined and scheduling information is known at the cut-off time (T0-T_offset) according to priority rules applied across the two CGs (Rel-15 CA power allocation prioritization rules across CCs of CGs  + MCG>SCG for same priority level); 
· respecting the MGPs, such that total power on a CG1 can never exceed P_{NR-DC, Total} – P{CG2, min} (except when it is semi-statically known on no possible overlapping UL transmission on the other CG).

	Alt.3
	· To compute transmit power of each transmission, a UE considers other transmissions in another CG which are overlapping with it and jointly determines power of all overlapping transmissions through the following procedures.
· Find the leading transmission among the overlapping transmissions. 
· For each dynamic transmission i overlapping with the leading transmission, check if its scheduling information is known T_offset,i ahead of the start of the leading transmission, where T_offset,i depends on numerology of transmission i to acknowledge processing time of its scheduling information.
Consider all overlapping dynamic transmissions satisfying the above condition as well as all overlapping semi-static transmissions together to jointly determine the power based on rel-15 priority rule.

	Alt.4
(NOT support look-ahead)
	· UE is not required to perform look-ahead
· Procedure for dynamic power sharing:
· Per occasion, the sum power of MCG across all its CCs is calculated. If needed, the sum power of MCG is scaled-down, taking into account minimum reserved power for SCG (if configured).
· The sum power of MCG is passed to SCG. Based on this, the total available power for SCG is identified.
· Per CG, CA power determination is performed similar to Rel. 15 NR.

	Alt.5
	· Left for UE implementation

	Alt.6
	· UE is not required to perform power look-ahead
· Procedure for dynamic power sharing:
· Per occasion (same as Rel-15 CA), the sum power of MCG across all its CCs is calculated if the starting transmission time of MCG is no later than the overlapping SCG transmission.
· The sum power of MCG is passed to SCG. Based on this, the total available power for SCG is identified.
· Within each CG, reuse Rel-15 NR CA priority rules to perform power allocation.

	Alt. 7
	· UE is configured with maximum transmission power P1 and P2, where P1 <= P2.
· To compute the transmit power for UL transmission starting at time  on the MCG (or SCG), UE checks for PDCCH(s) received before Time  that trigger overlapping UL transmissions on SCG (or MCG).
· If such PDCCH(s) are detected, UE determines the CG prioritization. If MCG is prioritized, UE limits its transmission power  in MCG such that, and the remaining power can be used for SCG where . If SCG is prioritized, UE limits its transmission power  in SCG such that , and the remaining power can be used for MCG where .
· If such PDCCH is not detected, UE applies the Pcmax as the maximum transmission power.



Companies preference/proposal on ‘look-ahead’ behaviour was summarized in Table 4 below based on contribution. Companies are invited to provide more inputs/proposals on Table 3 and Table 5 to capture proposals and position. 
Table 4: Summary of companies views on ‘look-ahead’ operation 
	Category
	No. companies
	Companies 

	Alt.1
	
	Ericsson, 

	Alt.2
	
	Motorola Mobility, Lenovo 

	Alt.3
	
	Samsung

	Alt.4
	
	Qualcomm

	Alt.5 
	
	CATT

	Alt.6
	
	vivo

	Alt.7
	
	ZTE



Companies are invited to provide preference on the alternatives of ‘look-ahead’ operation in Table 3, or add new alternatives if not included in Table 3 yet.  
	Companies 
	Views

	
	

	
	


[Offline proposal]: Continue discussion


In addition, the value proposed for  by proponents of ‘look-ahead’ operation are listed in Table 5 below: 
Table 5: Summary of values of  proposed by companies
	Category
	No. companies
	Companies 

	Alt.1: 
	7
	Huawei, Ericsson, Samsung, Motorola Mobility, Lenovo, MediaTek, Apple 

	Alt.2: 
	1
	ZTE (can be reported as UE capability)



[Offline proposal]:
·  if ‘look-ahead’ operation is supported for dynamic power sharing operation for NR-NR DC. 

Companies are invited to provide views on the proposal above, if any: 
	Companies 
	Views

	ZTE
	Our first preference is that Toffset can be reported as UE capability. For progress, we are also fine to go with Alt.1.

	
	





3.2 Prioritization of Uplink Transmissions 
Issue 5: Prioritization rule for power limited case
For dynamic power sharing (even with ‘look-ahead’), scaling of a transmission power is unavoidable.  Companies views on this are summarized in the Table 6 below: 
Table 6: Summary of companies views on prioritization rule  
	Category
	No. companies
	Companies 

	Alt.1: MCG over SCG and reuse CA rule within CG
	4
	Ericsson, Qualcomm, Apple, MediaTek, vivo 

	Alt.2: Follow Rel-15 CA rules
	8
	Motorola Mobility, Lenovo, Intel, OPPO, vivo, CATT, Nokia 

	Alt.3: Alt.2 + additionally support the following prioritization rule: 
· PUCCH format 0/2 is prioritized over PUCCH format 1/3/4 carrying the same type UCI.
· Single shot PUCCH is prioritized over PUCCH with repetition in multiple slots carrying the same type UCI.
· Single shot PUSCH is prioritized over PUSCH with repetition in multiple slots.

	1
	Huawei

	Alt.4: Determine the CG prioritization by RRC time pattern or by the dynamic UL grant information
	1
	ZTE



[Offline proposal]: Continue discussion 


Issue 6: ‘Guaranteed minimum power’ vs. ‘no guaranteed minimum power’
One more discussion point brought up by companies is whether to allow configurable guaranteed power. The main motivation/benefit claimed in contributions is to protect transmission e.g. a PUCCH with HARQ-ACK information (particularly in absence of CRC) or an SRS for link adaptation. 
Table 7 summarized companies views on this aspect: 
Table 7: Summary of companies views on guaranteed minimum power 
	Category
	No. companies
	Companies 

	Alt.1: Configured minimum guaranteed power for SCG only
	2
	Qualcomm, Apple, 

	Alt.2: Configured minimum guaranteed power for MCG or SCG or both. 
	4
	Huawei, Intel, Motorola Mobility, Lenovo   

	Alt.3: Configuration to a UE of available powers for transmissions on the MCG and SCG and indication of whether they are minimum powers or maximum powers.
	1
	Samsung

	Alt.4: NO guaranteed minimum power
	2
	OPPO, CATT, vivo 



Given the correlation between ‘prioritization rule’ and the necessary of ‘guaranteed power’ (e.g. Alt.1 is proposed assuming priority order of ‘MCG>SCG’ and hence minimum guaranteed power for MCG may not be needed), the discussion on this regard is planned to defer after decision is made on priority order.   
[Offline proposal]: Continue discussion 



Issue 7: Power scaling vs. dropping for deprioritized Uplink Transmissions 
For EN-DC, deprioritized uplink transmission is dropped or scaled down depending on whether the reduced power exceeds the value provided by . However, this behaviour is not defined for NE-DC and it is up to UE implementation to determine drop or scaling down. Discussion is needed for NR-NR DC on this aspect. 
Companies views/proposals are summarized in Table 7 below: 
	Category
	No. companies
	Companies 

	Alt.1: Re-use EN-DC rule (i.e. based on )
	1
	Samsung

	Alt.2: left for UE implementation to determine scaling down or dropping
	2
	CATT, Nokia



[Offline proposal]: Continue discussion 
 
Companies are invited to provide views on this issue to move progress: 
	Companies 
	Views

	vivo
	Support Alt.2

	Motorola Mobility, Lenovo
	Alt 2



3.3 UE capability  
Issue 8: UE capability for support dynamic power sharing.
The proposals from different companies on UE capability for dynamic power sharing support can be summarized below: 
Table 7: Summary of companies views on UE capability for dynamic power sharing 
	Category
	No. companies
	Companies 

	Mandatory 
	4
	ZTE, Motorola Mobility, Lenovo, Nokia 

	Optional
	4
	Qualcomm, OPPO, Intel, Apple, vivo 

	Handle in UE features discussions together with other Rel-16 features 
	1
	Samsung



Companies that are not included in the Table above are encouraged to share views on this aspect by revising Table directly.  
[Offline proposal]: Continue discussion 

4. PHR reporting 
Issue 9: PHR reporting
PHR reporting for NR-NR DC is another remaining issue for NR-NR DC, which is discussed in several company contributions [1][7][10]. Reusing the Rel-15 EN-DC framework is commonly proposed in papers to determine actual/virtual PHR based on RRC configuration. 
Table 7: Summary of companies views on UE capability for dynamic power sharing 
	Category
	No. companies
	Companies 

	Reusing the Rel-15 EN-DC framework 
	3
	Huawei, Samsung, Apple 



[Offline proposal]: 
· Reusing Rel-15 framework to re-use Rel-15 EN-DC framework to determine actual/virtual PHR for active CCs of another CG

Company views on the proposal, if any, can be provided in the Table below:   
	Companies 
	Views

	vivo
	Support

	Motorola Mobility, Lenovo
	Support reuse of Rel-15 framework
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Appendix: Contributions used as basis for the summary
R1-1910040 (Huawei)
· Observation 1: Dynamic power sharing is a necessity to ensure sufficient uplink coverage for asynchronous NR-DC because boundaries of transmission occasions may not be aligned across CGs and exceeding UE maximum transmission power cannot be avoided by proper SPS power settings without uplink coverage reduction.
· Observation 2: More flexibility of switching in time between dynamic power sharing and semi-static power splitting can be achieved by allowing different RRC power parameters for different uplink transmission occasions.

· Proposal 1: Support dynamic power sharing for NR-DC with FR1+FR1 band combination(s) for both synchronous and asynchronous scenarios. The UE modem for each CG has the same ability of obtaining scheduling information of the other CG.
· Proposal 2: Specify a unified configuration scheme of RRC parameters to cover both dynamic power sharing and semi-static power splitting.
· Proposal 3: Under the same framework for both dynamic power sharing and semi-static power splitting, consider to support different maximum allowed power in different transmission occasions per CG.
· Proposal 4: For NR-DC with FR1+FR1 band combination(s), each cell group can be configured with minimum guaranteed power.
· Proposal 5: Consider to support look-ahead in uplink power control for NR-DC UE
· A reference timing for power calculation should be defined to differentiate dynamic power sharing with look-ahead from without look-head. 
· For look-ahead, the time gap between stopping time and the start time of concerned uplink signal should not be smaller than Tproc,2.
· Proposal 6: Prioritizations for transmission power reductions in Rel-15 are treated as starting points for NR-DC, and additionally support the following prioritizations:
· PUCCH format 0/2 is prioritized over PUCCH format 1/3/4 carrying the same type UCI.
· Single shot PUCCH is prioritized over PUCCH with repetition in multiple slots carrying the same type UCI.
· Single shot PUSCH is prioritized over PUSCH with repetition in multiple slots.

R1-1910107 (ZTE)
· Proposal 1: For Rel-16 NR-DC, support one unified signaling framework for both semi-static power sharing and dynamic power sharing and it’s up to the network whether to adopt semi-static power sharing or dynamic power sharing.
· Proposal 2: UEs supporting NR-DC can support dynamic power sharing mandatorily without capability signaling.
· Proposal 3: For NR-DC in Rel-16, determine the CG prioritization by RRC time pattern or by the dynamic UL grant information.
· Proposal 4: RRC configures P1 and P2 (P1 <= P2) as the maximum power for NR-DC power sharing. After determining the CG prioritization, P1 is regarded as the maximum power for the deprioritized CG and P2 is regarded as the maximum power for the prioritized CG.
· Proposal 5: Support look-ahead operation for dynamic power sharing in Rel-16.
· Proposal 6: The cut-off time of look-ahead operation is determined as an offset before the first symbol of one uplink transmission. 0.5*Tproc,2 can be applied as the starting point of cut-off time for look-ahead operation.
· Proposal 7: Different look-ahead offsets can be reported via UE capability signaling.
· Proposal 8: If semi-static power sharing is supported, Alt 1-2 can be supported.
· Proposal 9: For Alt1 of semi-static power sharing, whether to adopt slot-level or symbol-level overlapping determination should be further discussed.
R1-1910120 (OPPO)
· Observation 1: Look-ahead operations with a timing requirement will
· Complicate UE implementation without obvious gains
· Be useful in very limited cases for NR
· Observation 2: Alt.2 and Alt.3 for dynamic power sharing in [6] are not attracting since they require the look-ahead operation.
· Observation 3: Configuration of minimum reserved power per cell group is only useful in the case of synchronous NR-NR DC with the same numerologies and same PUSCH durations for each transmission occasion.
· Proposal 1: Rel-16 NR supports a common scheme which is focused on asynchronous NR-NR DC and can be used for synchronous NR-NR DC as well.
· Proposal 2: No look-ahead operation is required for Rel-16 NR power control for NR-NR DC. 
· Proposal 3: Configuration of minimum reserved power per cell group is not necessary for Rel-16 NR power control for NR-NR DC.
· Proposal 4: For Rel-16 NR power control of NR-NR DC, both semi-static power sharing and dynamic power sharing should be supported in a common solution.
· Proposal 5: Rel-16 NR supports the following UE capability signaling for the power control of NR-NR DC 
· semi-static power sharing is mandatory without UE capability signaling
· dynamic power sharing is optional with UE capability signaling
· Proposal 6: Rel-16 supports the following power control framework for NR-NR DC  
· gNB configures the maximum available power for each cell group, e.g., P_max_MCG, P_max_SCG
· The sum of the maximum available powers may exceed the maximum power supported by UE
· Semi-static power control: P_max_MCG + P_max_SCG <= P_taltal_max
· Semi-static power control: P_max_MCG + P_max_SCG > P_taltal_maxs and TDM-based pattern to avoid the simultaneous transmission of MCG and SCG is configured by network
· Dynamic power control: P_max_MCG + P_max_SCG > P_taltal_max and simultaneous transmissions of MCG and SCG are allowed
· When determining a total transmit power for a transmission scheduled by DCI X, the UE does not consider power for the transmissions whose corresponding DCI(s) is after the DCI X. It means no look-ahead operation is required
· For the dynamic power sharing for NR-NR DC, the similar priorities rules defined for NR CA can be reused by prioritizing MCG over SCG(s) in case of the same priority.
· Proposal 7: For the semi-static power control of NR-NR DC, support Alt.2 of [3] as follows:
· For the uplink transmission in MCG and in SCG, UE limits its actual transmission power  to be up toand   to be up to  
·  and  are corresponding to P_max_MCG and P_max_SCG, respectively 
· Proposal 8: The NR-NR DC power scheme can support semi-static and dynamic power sharing by proper configuration for a UE supporting both semi-static power sharing and dynamic power sharing 
· Semi-static power sharing: applicable for both synchronous and asynchronous cases
· Dynamic power sharing: only applicable for synchronous case

R1-1910241 (vivo)
· Proposal 1:
· For NN-DC semi-static power control within the same frequency range 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.1-2:   and   are determined by RAN4 requirement. 
· Support both asynchronous and synchronous cases.
· Proposal 2:
· For NN-DC dynamic power sharing within the same frequency range with + ,
· Reuse CA priority rules for power allocation between MCG and SCG. 
· Prioritize MCG transmission if the starting transmission time of MCG is no later than the overlapping SCG transmission.
· Support both asynchronous and synchronous cases.
R1-1910324 (CATT)
· Proposal 1:  Alt 1-1 should be support for semi-static power sharing between MCG and SCG in NR-DC.
· Proposal 2:  The dynamic power sharing with the minimum reserved power or maximum transmit power should not be considered in NR-DC
· Proposal 3: If the UE output power at some OFDM symbols exceeds the maximum power of the UE power class, it would be UE implementation choice of scaling the UL Tx power on one or more UL channels based on the power scaling rule.  The physical channel priority used for NR CA power scaling should be reused for NR DC.  The look-ahead window is an UE implementation and should not be specified in the specification.   
R1-1910506 (Samsung)
· Proposal 1: As for EN-DC and NE-DC, a gNB can configure +  in NN-DC. 
· Proposal 2: If transmissions by a UE on a CG overlap only with symbols configured as DL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on the other CG, the UE uses  as the maximum transmission power on the CG; otherwise, the UE uses  for the MCG or  for the SCG.
· Proposal 3: A UE may drop a transmission if a corresponding power needs to be reduced by more than XSCALE dB.  
· Proposal 4: For determining a power at a transmission occasion on a CG, a UE can consider a total power for later scheduled overlapping transmissions on another CG subject to Rel-15 UE processing timelines. 
· Proposal 5: Re-use the Rel-15 EN-DC framework to determine actual/virtual PHR.
· Proposal 6: For NR-DC in FR1, support configuration to a UE of available powers for transmissions on the MCG and the SCG and indication of whether they are minimum powers or maximum powers. 
R1-1910607 (Nokia)
· Observation 1: To support more complicated network configuration or to support various traffic types, flexible variation of peak transmission power per CG should be supported
· Observation 2: UL slot/symbol configuration based peak power transmisison does not works for FDD cells.
· Observation 3: UL slot/symbol configuration based peak power transmsision may bring non-neglisible configuration restriction to gNb, to suport high power UL transmisison
· Observation 4. Priority based dynamic power sharing between CGs does not cause any uncertainty at gNb which has not been considered in CA
· Observation 5. Rel-16 NR-NR DC dynamic power sharing may not require additional UE operation compared with NR CA.
· Observaiton 6.: The size of look-ahead window depends on the latency UE needs to share transmission power information between CGs. 
· Observation 7. A prioier design of look-ahead window will not increase UE’s complexity for dynamic power sharing.

· Proposal 1: Full power transmission should be supported for both MCG and SCG.
· Proposal 2: RAN1 focus on the schemes which works for general use cases.
· Proposal 3: Priority based power sharing between CGs should be supported.
· Proposal 4: Configuration of peak transmisison power per CG is optional.
· Proposal 5: Power prioritization between CGs follows rel-15 CA rules with possible addition of further prioritization rules.
· Proposal 6. When UE applies power prioritization rules, it is up to UE whether to reduce transmission power or drop the hold transmission for the transmission with low priority
· Proposal 7. RAN1 defines look-ahead operation for dynamic power sharing, to prevent the partial drop of low priority transmission.
· Proposal 8. At least for a UE supporting NR CA, dynamic power sharing is a mendatory feature for NR-NR CA.
· Proposal 9. Considering the impact of semi-static power sharing on gNb’s scheduling, semi-static power sharing should be configure by gNb to be turned on/off, if semi-static power sharing is supported.
· Proposal 10. Dyanmic power sharing between NR CGs follows power prioritization rules, while UE calculates transmission power of each CG separately first.

R1-1910680 (Intel)
· Proposal 1: For semi-static power sharing with + , Alt.1 from RAN1#98 should be supported. 
·  and  could be determined by RAN4 and equals to .
· Proposal 2: A two-step power allocation could be used in NR-NR DC
· Step 1): Power allocation for all UL transmission which are known to both CGs. Then, a dynamic minimum guaranteed power is determined for each CG; 
· Step 2): Within each CG, power allocation follows NR Rel-15 CA rules. The dynamic minimum guaranteed power for both CGs are respected. 
· Proposal 3: 
· Support both semi-static and dynamic power sharing for Rel-16 NR-NR DC
· Introducing a UE capability to indicate the support of dynamic power sharing operation. 
· Proposal 4: 
· A unified signalling framework is adopted to operate semi-static and dynamic power sharing by properly setting the corresponding  and  values. 
R1-1910977 (Apple)	
· Proposal 1: Adopt Alt.1 for Semi-static power sharing operation with +  as follows:
· 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 , wherein  and  are defined by RAN4.
· Proposal 2: 
· Reuse Rel-15 timeline defined for UCI multiplexing on overlapped UL transmissions as staring point to define ‘look-ahead’ behavior for NR-NR DC power control in Rel-16. 
· Introduce a UE capability to indicate the support of dynamic power sharing for Rel-16 NR-NR DC.
· Proposal 3:
· For dynamic power sharing, prioritize MCG over SCG in case of power limitation.  
· Support to introduce configurable minimum guaranteed transmission powers for SCG in a same FRX by higher layers. 
· Proposal 4:
· Reuse the Rel-15 EN-DC framework to support configurable actual/virtual PHR for the active CCs of another CG/gNB.   
R1-1911013 (Ericsson)
Proposal 1
· Support dynamic power sharing for NR-NR DC power control where MCG and SCG are in same frequency range.

Proposal 2
· NR-DC dynamic power sharing where MCG and SCG are in same frequency range follows the below framework
· 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
· T_offset can be similar to the T_proc specified in Rel15 for UCI multiplexing related UE procedures.
· Note: The above behavior is required even if NW configures P_limit_CG1 and P_limit_CG2 such that P_limit_CG1+P_limit_CG2<= P_limit_total.
· 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
R1-1911040 (Motorola Mobility, Lenovo)
· Proposal 1: For NN-DC with both CGs in the same frequency range, Dynamic power sharing support is mandatory.  It is optional for UE to support semi-static power sharing.
· Proposal 2: For NN-DC with both CGs in the same frequency range and semi-static power sharing, Alt 1-2 is preferred. 
· Higher maximum power limit that meet the regulatory requirements as defined by RAN4 for a transmission on a CG when there is overlap with only semi-static ‘DL’ symbols on all CCs of other CG, otherwise the RRC configured maximum power limit is used.
· Proposal 3: For NN-DC with both CGs in the same frequency range and dynamic power sharing:
· UE is configured with a minimum guaranteed power (MGP) limits for MCG and SCG separately. 
· To compute the transmit power for CG1 UL transmission starting at time T0, a UE considers a power for later scheduled overlapping transmissions up to the cut-off time T0-T_offset (T_offset = Rel-15 PUSCH preparation time)
· In case of a power-limited situation, the UE allocates power for an UL transmission by: 
· considering allocated powers for overlapping transmissions whose power are already determined – once the transmit power for a transmission is computed, UE will not re-calculate/re-adjust the transmit power based on upcoming transmission regardless of priority levels; 
· assigning power to higher priority, overlapping transmissions whose power is yet to be determined and scheduling information is known at the cut-off time (T0-T_offset) according to priority rules applied across the two CGs (Rel-15 CA power allocation prioritization rules across CCs of CGs  + MCG>SCG for same priority level); 
· respecting the MGPs, such that total power on a CG1 can never exceed P_{NR-DC, Total} – P{CG2, min} (except when it is semi-statically known on no possible overlapping UL transmission on the other CG).
· Prioritization rule for overlapping transmissions in case of power-limited: Rel-15 CA power allocation prioritization rules across CCs of CGs  + MCG>SCG for same priority level
· Proposal 4: In NN-DC, in the case of multiple transmissions overlapping with a given uplink transmission, MGP is defined as an RRC configured fraction of the dual connectivity Pcmax for the transmission with the highest L1 priority level among all overlapping transmissions whose transmission details are known to the UE before the cut-off time.  
R1-1911060 (MediaTek)
· Proposal 1: Dynamic power sharing should not be supported in Rel-16 (slot-based) asynchronous NN-DC.
· Proposal 2: Dynamic power sharing can be supported in Rel-16 (slot-based) synchronous NN-DC with look-ahead time offset   equals T_proc specified in Rel15 for UCI multiplexing of the smallest SCS carrier.
· Proposal 3: For dynamic power sharing prioritization in Rel-16 NN-DC, prioritize MCG over SCG and reuse CA rule within CG. 
· Proposal 4: UEs supporting Rel-16 NR-DC can support semi-static power sharing mandatorily. Whether UE checks the semi-statically configured transmission direction to determine the uplink power can be FFS.

R1-1911137 (Qualcomm)
· Observation 1: Due to the extra complication for UE implementation as well as lack of performance benefit justification, dynamic power sharing is not desirable for Rel. 16 NN-DC.
· Proposal 1: For uplink power control of NN-DC, the UE is configured with:
· A UE should be configured with a set of maximum allowed powers for each cell group such that P_NR1 + P_NR2 <= P_NN.
· Additionally, the UE can be configured with P_NR1’ and P_NR2’, which can each be equal to P_NN. In other words, P_NR1’+P_NR2’ < = > P_NN. 

· From the UE side, the following behavior is expected:
· For the uplink transmission in cell group 1, the UE checks the semi-statically configured direction of the overlapping symbols of all serving cells of cell group 2 and vice versa. The UE chooses the maximum power allowed per cell group based on whether its uplink transmission collides with only semi-static ‘DL’ symbols, or with semi-static ‘UL’ and ‘flexible’ symbols.  

· Support Alt.1 with the underlined clarification.
· 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. 
· 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.

· Proposal 2: If a dynamic power sharing needs to be supported, it should be based on the following principles:.
· The support of dynamic power sharing is optional with a UE capability signaling.
· UE is not required to perform look-ahead.
· Support a minimum reserved power for SCG.
· Procedure for dynamic power sharing:
· Per occasion, the sum power of MCG across all its CCs is calculated. If needed, the sum power of MCG is scaled-down, taking into account minimum reserved power for SCG (if configured).
· The sum power of MCG is passed to SCG. Based on this, the total available power for SCG is identified.
· Per CG, CA power determination is performed similar to Rel. 15 NR.
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