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1 Introduction
This document summarizes documents submitted to RAN1#97 on AI 7.2.13.1 to facilitate progress on uplink power control for NN-DC. In the following, some relevant questions are also provided based on the views expressed in the contributions listed in the appendix. 
· Semi-Static vs. Dynamic Power Sharing for NN-DC
· Details of Semi-Static Power Sharing for NN-DC
· Details of Dynamic Power Sharing for NN-DC
· PHR reporting
It should be noted that the term ‘Semi-Static Power Sharing’ and ‘Dynamic Power Sharing’ is just to facilitate the technical discussions and whether to use them in spec or not is fully up to editors. 
2. Semi-Static vs. Dynamic Power Sharing for NN-DC
2.1 Companies views and proposals
Semi-static power sharing
Semi-static power sharing can be generalized to be a scheme where the transmission power of each CG is semi-statically split between two CGs such that transmission power of one CG is not impacted or interrupted by overlapped transmissions that is dynamically scheduled in the other CG.
The analysis semi-static power sharing scheme from different companies can be summarized below: 
Table 1: Summary of companies views on semi-static power sharing scheme
	
	Pros
	Cons

	UE complexity 
	· Simpler implementation 
	

	Coverage
	
	· Reduced coverage 

	Link adaptation
	· Predictability and high efficiency 
	· Predictability at the cost of pre-emptively degrading the link quality. With dynamic PS, network has more flexibility to implement a trade-off between better link quality and link adaptation predictability 

	Phase discontinuities
	· Avoidable 
	

	URLLC support
	
	· Limited ability to support high priority URLLC transmission 



Relevant proposals from companies are also included in Table 2 for reference: 
Table 2: Summary of companies’ proposals on semi-static power sharing scheme
	Ericsson
	· Proposal 1: For NR-NR DC power control where MCG and SCG are in same frequency range fast communication between MCG and SCG modules within the UE can be assumed as baseline (i.e., no need to specify a separate semi-static power sharing capability)

	Nokia
	· Proposal 1: If implementation of dynamic power sharing cause severe UE complexity issue as in Rel-15, a UE or an operation mode supporting only semi-static power sharing needs to be specified.
· Proposal 2: Full power transmission should be supported for any Cell groups.
· Proposal 3: If semi-static power sharing mode is supported, over-written by dynamic power sharing or fast switching to dynamic power sharing should be supported.

	Panasonic 
	· Proposal 1: Semi-static power sharing scheme Alt.1 behaviour should be allowed as the configuration regardless of what conclusion of the power control scheme.
· Proposal 3: Basic principle is to maintain constant transmission power of a channel/signal in a CG. In case the other CG is random access or URLLC like high reliability transmission, UE is not required to respect this principle. 
· Proposal 5: Once power is determined, constant transmission power of a channel/signal in a CG should be used except the other CG is random access or URLLC like high reliability transmission.

	Vivo
	· Proposal 1: For NN-DC power control within the same frequency range, both dynamic and semi-static power sharing are supported by using a set of common higher layer parameters.


	Qualcomm
	· Proposal 2: For uplink power control of synchronous 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.
· ……..

	Intel
	· Proposal 4:  Support both semi-static and dynamic power sharing for Rel-16 NR-NR DC

	OPPO
	· 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.

	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.

	AT&T
	· Proposal 2: Operation in semi-static control scheme can share the same set of RRC parameters as that of dynamic power control scheme

	CATT
	· Proposal 1:  Semi-static power sharing between PCG and SCG is not supported in NR-DC. 

	Motorola Mobility, Lenovo
	· Preference to only specify dynamic power sharing only





Dynamic Power Sharing
Dynamic power sharing can be generally defined as one approach to dynamically adjust transmission power of CCs in one CG based on transmission activity in another CG. 
Several potential benefits claimed by different companies include: 
· Maintaining coverage 
· Avoiding UE transmission power underutilization 
On dynamic power sharing, several main concerns from companies in contributions against the proposal can be summarized as follows e.g. from UE implementation restriction perspective and throughput performance:  
· UE implementation restriction and complexity
· Tighter timeline requirement to implement a fast coordination interface between two CGs for power adjustment. 
· Checking the UL channel types and contents across CCs on both CGs and go through a list of priority rules that alternates between two CGs.  
· Causing phase discontinuity in case of power re-scaling in the middle of UL transmission and resulting in different power of DMRS and PUSCH 
· Possible throughput loss in some scenarios due to lack of scheduling decision of other gNB. 
· Unpredictable network operation and the interruptions are not under the full control of the scheduling gNB and cannot be avoided or planned. 
Companies relevant proposals on dynamic power sharing support and how to solve this problem are included in below table: 

Table 3: Summary of companies’ proposals on dynamic power sharing scheme
	Ericsson
	· Proposal 1: For NR-NR DC power control where MCG and SCG are in same frequency range fast communication between MCG and SCG modules within the UE can be assumed as baseline (i.e., no need to specify a separate semi-static power sharing capability)

	Samsung 
	· Proposal 1: For NR-DC in FR1, support inter-CG dynamic sharing of UE transmission power.
· Proposal 2: Introduce a UE capability parameter for a UE to indicate support of inter-CG dynamic sharing of UE transmission power. Dynamic power sharing allows parameter settings resulting to semi-static power sharing.
· Proposal 3: Introduce a UE capability parameter for a UE to indicate whether or not, for determining a power at a transmission occasion, the UE can consider a power for a later scheduled overlapping transmission subject to Rel-15 timelines for determining a channel among overlapping channels for UCI multiplexing.

	Nokia 
	· Proposal 5: Rel-16 support dynamic power sharing with look-ahead and aims to keep constant transmission power during the UL transmission.

	Huawei
	· 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.

	Panasonic
	· Proposal 2: Dynamic power sharing scheme should be concluded first. Then using the same framework, the options only to use semi-static information like semi-static power sharing scheme alt 2 or alt 3 should be discussed.
· Proposal 3: Basic principle is to maintain constant transmission power of a channel/signal in a CG. In case the other CG is random access or URLLC like high reliability transmission, UE is not required to respect this principle. 
· Proposal 5: Once power is determined, constant transmission power of a channel/signal in a CG should be used except the other CG is random access or URLLC like high reliability transmission.

	Intel 
	· Proposal 4: 
· 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. 

	vivo
	· Proposal 1: For NN-DC power control within the same frequency range, both dynamic and semi-static power sharing are supported by using a set of common higher layer parameters.

	AT&T
	· Proposal 1: Dynamic power control for NR-NR DC is supported.

	OPPO
	· 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.

	ZTE
	· Proposal 2: A UE supporting NR-DC can support dynamic power sharing mandatorily without capability signaling. 

	CATT
	· Proposal 2:  The dynamic power sharing with the minimum reserved power or maximum transmit power should not be considered in NR-DC

	Qualcomm
	· Proposal 1: Due to the extra complication for UE implementation, dynamic power sharing should not be supported for Rel. 16 NN-DC.

	Motorola Mobility, Lenovo
	· Preference to only specify dynamic power sharing only


As evident, support of dynamic power sharing represents the majority views. The main concern on support dynamic power sharing is no perceivable performance gain but at the cost of extra complication for UE implementation and restriction on hardware structure of NN-DC product.  

In addition, how to operate semi-static and dynamic power sharing, if both supported, were discussed by several companies. The views are listed below: 
Table 4: Summary of companies’ proposals on signalling details for power sharing schemes
	Ericsson
	· Proposal 2: NR-DC power sharing follows the below framework
· UE is configured with transmit power limits P_limit_CG1 applicable to CG1 and P_limit_CG2 applicable to CG2.

	Samsung
	· Proposal 2: ……Dynamic power sharing allows parameter settings resulting to semi-static power sharing.

	Huawei
	· Proposal 2: Specify a unified configuration scheme of RRC parameters to cover both dynamic power sharing and semi-static power splitting.

	Panasonic
	· Proposal 2: Dynamic power sharing scheme should be concluded first. Then using the same framework, the options only to use semi-static information like semi-static power sharing scheme alt 2 or alt 3 should be discussed.

	Vivo
	· Proposal 1: For NN-DC power control within the same frequency range, both dynamic and semi-static power sharing are supported by using a set of common higher layer parameters.


	AT&T
	· Proposal 2: Operation in semi-static control scheme can share the same set of RRC parameters as that of dynamic power control scheme


	ZTE
	· Proposal 1: For Rel-16 NR-DC, support one unified signalling 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.

	OPPO
	· Proposal 6: The NR-NR DC power scheme can support semi-static and dynamic power sharing by proper configuration  

	Intel
	· Proposal 5: A unified signalling framework is adopted to operate semi-static and dynamic power sharing by properly setting the corresponding  and  values. 



Based on the views above, it seems pretty much clear that a unified signalling framework is preferred by majority companies to operate semi-static and dynamic power sharing (i.e. properly setting , values for a given UE). 

2.2 FL summary and proposals
Summary on semi-static power-sharing scheme 
Option 1: Support semi-static power sharing  
Qualcomm, Intel, Nokia, Panasonic/Ericsson/Huawei/Vivo (allowed as one configuration) 
Option 2: NOT support semi-static power sharing 
CATT

Observation 1: 
· Support semi-static power sharing represents majority views and four companies propose to operate semi-static power sharing as one configuration without UE capability.
· One company propose to not support semi-static power sharing.      

Summary on dynamic power-sharing scheme 
Option 1: Support dynamic power sharing  
· With UE capability Samsung, Intel, 
· Without UE capability ZTE
· Ericsson, Huawei, Nokia, AT&T, Vivo, OPPO, Panasonic, Motorola Mobility, Lenovo
· CATT (Without the minimum reserved power or maximum transmit power)
Option 2: NOT support dynamic power sharing 
· Qualcomm

Observation 2: 
· Majority of companies’ views is to support dynamic power sharing.  
· Two companies propose to introduce one UE capability for the support of dynamic power sharing to allow implementation flexibility of NN-DC. 
· One company proposes to support dynamic power sharing without UE capability. 
· One company propose to not support dynamic power sharing for NN-DC.  

Summary on the signalling framework to operate semi-static and dynamic power sharing for NN-DC 
A unified signalling framework to operate power sharing schemes
Ericsson, Samsung, Huawei, Panasonic, Vivo, AT&T, ZTE, OPPO, Intel.
Observation 3: 
· Majority of companies’ views is to support dynamic power sharing and semi-static power sharing with a unified signalling framework.   

Given that dynamic power sharing receives clearly majority support, but it is also concerned by some companies on several aspects especially implementation restriction and complexity, the following way forward was therefore proposed by FL as a compromise between two sides to address the respective concerns and move forward on this topic:   

[Feature lead proposal]
Proposal 1: 
· For Rel-16 NR-NR DC with MCG and SCG in a same frequency range, support both semi-static and dynamic power sharing schemes by properly configuring the values of  and  by RRC signaling as follows:
· [bookmark: _Hlk8071308]Semi-static power sharing operation is applied if where  is the configured maximum transmission power for MCG and  is the configured maximum transmission power for SCG, and  is the total maximum transmission power for NR-NR DC operation;  
· Dynamic power sharing operation is applied if subject to UE capability support.
· Signaling details for , are left to RAN2 and RAN4.
· All NR-NR DC capable UEs are mandated to support semi-static power sharing (i.e. ) 
· The following alternatives were identified during email discussions: 
· Alt.1: Introducing an optional UE capability for dynamic power sharing support and handling of dynamic power sharing (i.e. ). 
· Alt.2: Introducing a UE feature to support dynamic power sharing and handling of dynamic power sharing (i.e. ) as mandatory with capability signalling. 
· Alt.3: Discuss later as part of UE feature discussions. 


3. Details of Semi-Static Power Sharing for NN-DC
3.1 Companies views and proposals
In the RAN1 #96bis meeting, three alternatives were identified and included in [1]: 
	· The UE determines the maximum transmission power in a PUSCH transmission occasion as follows:   
· Alt.1
· The maximum transmit power per group is restricted by the configured maximum power of the each group.
· Alt. 2 
· The maximum transmit power per group is restricted by the configured maximum power of the same group except for the case that the UE is certain that no uplink transmission is possible on the other cell group on the overlapping symbols by relying on the semi-statically indicated symbol directions. In such a case, the maximum transmit power of a cell group can be increased.
· Alt.3 
· A UE is semi-statically configured with a TDM pattern configuration providing three sets of slots:
· On the first set of slots, the maximum configured power for the MCG and SCG are given such that P_max_MCG + P_max_SCG <= Ptot.
· On the second set of slots, all available power is allocated to the MCG, i.e., P_max_MCG = P_tot.
· On the third set of slots, all available power is allocated to the SCG, i.e., P_max_SCG = P_tot.



Company views on semi-static power sharing are listed in the Table below: 
Table 5: Summary on preferred solution by companies for semi-static power sharing 
	Qualcomm
	· From the UE side, the following behaviour is expected:
· In synchronous DC, 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.  
· ------

	Intel
	· Proposal 1: If supported, the semi-static power sharing for NR-NR DC is specified as follows 
· The maximum transmit power per group is restricted by the configured maximum power of the same group except for the case that the UE is certain that no uplink transmission is possible on the other cell group on the overlapping symbols by relying on the semi-statically indicated symbol directions. In such a case, the maximum transmit power of a cell group can be increased.

	Vivo
	· Proposal 2: For NN-DC semi-static power control within the same frequency range,
· When the UE determines that there is a possible uplink transmission in other CG, the maximum transmission power of each CG is restricted by the configured maximum transmission power of each CG. Otherwise, the maximum transmission power of each CG is the UE maximum transmission power.
· Support to reuse Rel-15 CA power control priority rules for each CG. 
· Both asynchronous and synchronous cases are supported.




3.2 FL summary and proposal
The preference from majority companies on the candidate of UE behavior for semi-static power sharing is clearly Alt.2, as also summarizing below: 
Support Alt.1: 
Support Alt.2: Qualcomm, Intel, Vivo
Support Alt.3: 


[Feature lead proposal]
Proposal 2: Adopt Alt.2 for the configuration of ‘’ (i.e. Semi-Static power sharing operation) of NN-DC as follows
· UE is configured with where  is the configured maximum transmission power for MCG and  is the configured maximum transmission power for SCG, and  is the maximum total transmission power for NR-NR DC operation. 
· For the synchronous NR-NR dual connectivity, 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 all CCs of SCG), UE limits its actual maximum 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:   and   are configured by RRC signaling. 
· Alt.2:   and   are determined by RAN4 requirement. 
· FFS on Semi-Static power sharing to be applied for both synchronous and asynchronous NN-DC or synchronous NR-DC only. 



 
4. Details of Dynamic Power Sharing for NN-DC
4.1 Companies views and proposals
There are two design aspects needs to be considered to enable dynamic power sharing operation
· Whether and how to support ‘look-ahead’ operation? 
· How to define the prioritization order for the overlapping UL transmission in power-limited case? 
· Specially, do we need to treat URLLC traffic with highest priority for power-limited case for NR-NR DC? 

Companies views on the first aspect i.e. ‘Look-ahead’ operation is summarized in Table 6 below.  
‘Look-ahead’ operation
Table 6: Summary on views on ‘Look-ahead’ operation. 
	Ericsson
	· Proposal 2
· NR-DC power sharing follows the below framework
· ……..
· 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.

	Nokia
	· Proposal 5: Rel-16 support dynamic power sharing with look-ahead and aims to keep constant transmission power during the UL transmission.
· Proposal 6: Search window for look-ahead is defined by T_offset which is the minimum timing gab between transmission of UL on a CG and the reception of UL grant for the simultaneous transmission in the other CG, as shown in Figure 2.
· For further discusison whether smaller T_offset can be supproted by simplifying the informaiton to be observed by look-ahead and to be shared between cell groups.
· Proposal 7: Rel-16 supports at least to look-ahead and share the existence of UL grant and UL transmission between cell groups to determine transmission power at each cell group.
· Proposal 9: If multiple implementation options or modes are supported, dynamic power sharing with look-ahead which shares full scheduling information between cell groups is supported as one of the options/modes.

	Samsung 
	· Proposal 3: Introduce a UE capability parameter for a UE to indicate whether or not, for determining a power at a transmission occasion, the UE can consider a power for a later scheduled overlapping transmission subject to Rel-15 timelines for determining a channel among overlapping channels for UCI multiplexing.

	Huawei
	· Observation 3: The criterion to differentiate dynamic power sharing with look-ahead from without look-ahead shall be based on a reference timing for power calculation.
· Proposal 5: A reference timing for power calculation should be defined to differentiate dynamic power sharing with look-ahead from without look-head. Consider to support look-ahead in uplink power control for NR-DC UE.

	AT&T
	· Proposal 4: Look ahead function is considered for dynamic power control in NR-NR DC

	Vivo
	· Proposal 3: Power look-ahead is not required at the UE.

	OPPO
	· Proposal 2: No look-ahead operation is required for Rel-16 NR power control for NR-NR DC. 

	ZTE
	· Proposal 4: Support look-ahead operation for dynamic power sharing in Rel-16.
· Proposal 5: 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.
· Once determined, the power cannot be changed due to latter arrived uplink grants.

	Motorola Mobility, Lenovo
	· Proposal 1: [Alt 3]
· 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
· …..




Companies views on the 2nd design aspect are included in Table 7 below: 
Prioritization order of UL channels in power limited case
Table 7: Summary on views on Prioritization order of UL channels
	Ericsson
	· Proposal 2
· NR-DC power sharing follows the below framework
· ……..
· 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

	Nokia
	· Proposal 5: Rel-16 support dynamic power sharing with look-ahead and aims to keep constant transmission power during the UL transmission.
· Proposal 8: Rel-16 NR DC specify a power control scheme composed by two separated parts, inter-CG power sharing and separated power control within each CG, instead of joint optimization of power control cross CGs. 

	Huawei
	· Proposal 6: Prioritizations for transmission power reductions in Rel-15 are treated as starting points for NR-DC

	Panasonic
	· Proposal 3: Basic principle is to maintain constant transmission power of a channel/signal in a CG. In case the other CG is random access or URLLC like high reliability transmission, UE is not required to respect this principle.
· Proposal 4: To use minimum guaranteed power principle, i.e. regardless of the other CG's activity, certain power is kept for the first CG should be used.
· Proposal 5: Once power is determined, constant transmission power of a channel/signal in a CG should be used except the other CG is random access or URLLC like high reliability transmission.

	Vivo
	· Proposal 3: For NN-DC dynamic power sharing within the same frequency range, 
· The UE is configured a maximum power P_MCG_Max for MCG and a maximum power P_SCG_Max for SCG respectively.
· If P_MCG_Max+P_SCG_Max>P_Total, dynamic power sharing will be used.
· Support to prioritize MCG transmission to perform power scaling or dropping among CGs.
· Support to reuse CA power control priority rules for each CG. 
· Power look-ahead is not required at the UE.
· Both asynchronous and synchronous cases are supported.

	OPPO
	· Proposal 5: …… 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.

	ZTE
	· Proposal 6: For NR-DC in Rel-16, determine the CG prioritization by RRC time pattern or by the dynamic UL grant information.
· Proposal 7: Regarding uplink channel/signal prioritization within one CG or across CGs, prioritize URLLC uplink channels/signals for transmission power scaling.

	CATT
	· 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  

	Motorola Mobility, Lenovo
	· Proposal 1: 
· …..
· 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 + 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).


	Intel
	· Proposal 3: 
· If supported, reuse the NR CA Case 2 power control mechanism for NR-NR Dual Connectivity to implement dynamic power sharing scheme.




4.2 FL summary and proposal
Summary on ‘look-ahead’ operation 
Option 1: Support the following ‘look-ahead’ operation
· When determining a total transmission power of transmission occasion  starting from T0 in CG1, the UE needs to consider all PDCCH(s) received before time T0-T_offset that trigger an overlapping CG2 UL transmission. Nokia, Huawei, AT&T, Motorola Mobility, Lenovo, Intel
· Option 1-1: T_offset is equal to T_proc specified in Rel15 for UCI multiplexing related UE procedures.
Ericsson, Samsung, 
· Option 1-2: T_offset is equal to 0.5*Tproc,2
ZTE
Option 2: NOT support ‘look-ahead’ operation 
 VIVO, OPPO
As evident, support ‘look-ahead’ operation for dynamic power sharing scheme is clearly majority views. 

Summary on ‘Prioritization rule’ in power-limited case
Option 1: Reuse Rel-15 CA rule  CATT, Intel, [OPPO], Motorola Mobility, Lenovo [MCG>SCG for same priority level]
Option 2: Prioritizing MCG over SCG and reuse CA rule within CG  Ericsson, Vivo, 
Option 3: URLLC should be prioritized over all channels across CGs  ZTE, Panasonic
In addition, three companies ([Nokia][Panasonic][Motorola Mobility, Lenovo]) proposed that constant transmission should be targeted when determining prioritization order for UL channels in power-limited case. More discussions are needed to progress on the exact prioritization rule due to diverse views.   
Also, there are some comments received offline to discuss the prioritization rule first due to the impact on the determination of support ‘look-ahead’ behaviour. Hence, the following was proposed for progress on dynamic power sharing: 

[Feature lead proposal]
Proposal 3: 
· When UE is configured with  (i.e. dynamic power sharing operation) for NN-DC 
· The prioritization rule for UL channels in case of power-limited is as follows 
· Alt.1: MCG>SCG, and then apply Rel-15 rule for each CG. 
· Alt.2: Reusing Rel-15 CA rule across CCs of CGs 
· Alt.3: CG prioritization is determined by time pattern or dynamic indication, and then apply Rel-15 rule with potential update considering URLLC priority for each CG.
· Note that the above prioritization order does not impact on the minimum guaranteed power if it is agreed to be supported.
· FFS: 
· Following power prioritization rule is applied either Alt.1, Alt.2 or Alt.3 that is agreed. 
· If URLLC transmission happens at only one CG, URLLC transmission has higher priority than the others  
· The following is considered regarding ‘look-ahead’ operation 
· Alt.1: To compute the transmit power for MCG (or SCG) UL transmission starting at time T0, UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping SCG (or MCG) UL transmission. 
· FFS on the exact value of T_offset. 
· Alt.2: Similar to EN-DC, the SCG power is scaled dependent of the power scheduled for MCG.
· [bookmark: _GoBack]The MCG scheduling timing is slowed down as compared to SCG.  
· Alt.3: Per transmission occasion, the sum power over all serving cells of MCG is computed, and the sum power is passed to SCG. The SCG then determines its sum available power in that occasion. Per CG, then power is distributed according to the NR CA priority rules


5. PHR reporting 
PHR issue was also mentioned in one company contribution [Huawei]. Since this meeting will focus on the issues listed in the first four sections, FL just notes this and proposes to continue discussions. 
	Huawei
	Proposal 8: Study the UE behaviour on PH calculation in asynchronous NR-DC scenario. 



[Feature lead proposal]
Proposal 4: 
· Continue discussion on PHR design for NN-DC
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Appendix: Contributions used as basis for the summary
R1-1906019 (Huawei)
· 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), it is preferable to introduce minimum guaranteed power to ensure sufficient power for important physical uplink channel(s) (e.g. PUCCH) for dynamic power sharing.
· Proposal 5: A reference timing for power calculation should be defined to differentiate dynamic power sharing with look-ahead from without look-head. Consider to support look-ahead in uplink power control for NR-DC UE.
· Proposal 6: Prioritizations for transmission power reductions in Rel-15 are treated as starting points for NR-DC.
· Proposal 7: Consider to introduce additional prioritizations for transmission power reductions on top of current ones in Rel-15, e.g., prioritization among different PUCCH formats or PUSCH types.
· Proposal 8: Study the UE behavior on PH calculation in asynchronous NR-DC scenario. 

R1-1906182 (vivo)
· Proposal 1:
· For NN-DC power control within the same frequency range, both dynamic and semi-static power sharing are supported by using a set of common higher layer parameters.
· Proposal 2:
· For NN-DC semi-static power control within the same frequency range,
· When the UE determines that there is a possible uplink transmission in other CG, the maximum transmission power of each CG is restricted by the configured maximum transmission power of each CG. Otherwise, the maximum transmission power of each CG is the UE maximum transmission power.
· Support to reuse Rel-15 CA power control priority rules for each CG. 
· Both asynchronous and synchronous cases are supported.
· Proposal 3:
· For NN-DC dynamic power sharing within the same frequency range, 
· The UE is configured a maximum power P_MCG_Max for MCG and a maximum power P_SCG_Max for SCG respectively.
· If P_MCG_Max+P_SCG_Max>P_Total, dynamic power sharing will be used.
· Support to prioritize MCG transmission to perform power scaling or dropping among CGs.
· Support to reuse CA power control priority rules for each CG. 
· Power look-ahead is not required at the UE.
· Both asynchronous and synchronous cases are supported.
R1-1906290 (OPPO) 
· 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 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 6: The NR-NR DC power scheme can support semi-static and dynamic power sharing by proper configuration  
· Semi-static power sharing: applicable for both synchronous and asynchronous cases
· Dynamic power sharing: only applicable for synchronous case
R1-1906310 (CATT)
· Proposal 1:  Semi-static power sharing between PCG and SCG is not supported 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  
R1-1906419 (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: A UE supporting NR-DC can support dynamic power sharing mandatorily without capability signaling.
· Proposal 3: Consider the following power control solution for Rel-16 NR-DC.
	· Configuration
· Configure a UE the parameters Rmin_CG1 , Rmin_CG2 and Rmax .
· Configure the minimum guaranteed power ratio for each CG respectively, i.e., Rmin_CG1, Rmin_CG2. Network guarantees that Rmin_CG1+ Rmin_CG2 <= 100%.
· Configure one maximum power ratio for the CG with lower priority, i.e., Rmax. Network guarantees that Rmax <= 50%. (Note0)

· Power computation
· If UE is certain that no UL transmission is possible on CG2 on the overlapping symbols by relying semi-statically indicated symbol directions, the maximum power CG1 can use is Pc_max.
· If UE is certain that no UL transmission is possible on CG1 on the overlapping symbols by relying semi-statically indicated symbol directions, the maximum power CG2 can use is Pc_max.
· Else 
· UE checks for PDCCH(s) received before time Ts-Tlook_ahead (Note1) that trigger an overlapping CG2 UL transmission. After checking, the transmission power required by CG1 and CG2 are P1 and P2 respectively. If no PDCCH that triggers an overlapping CG2 UL transmission has been found, P2 = 0.
· If P1 + P2 <= 100%, 
· UE allocates P1’=min{P1, 1- Rmin_CG2}power for CG1
· UE allocates P2’=min{P2, 1- Rmin_CG1}power for CG2.
· Else, i.e., if P1 + P2 > 100%,
· If CG1 is prioritized over CG2 (Note2)
· UE allocates P2’=min{P2, Rmax, , 1- Rmin_CG1}power for CG2
· UE allocates P1’=min{P1, 1-P2’, 1- Rmin_CG2}power for CG1
· If CG2 is prioritized over CG1 (Note2)
· UE allocates P1’=min{P1, Rmax, , 1- Rmin_CG2}power for CG1
· UE allocates P2’=min{P2, 1-P1’, 1- Rmin_CG1}power for CG2
· Note0: Another way is to configure one maximum power ratio for the CG with higher priority, i.e., Rmax. Network guarantees that Rmax >= 50%.
· Note1: The detailed look-ahead operation and definition of Tlook_ahead is presented in Section 2.2.
· Note2: The CG prioritization determination is presented in Section 2.3.



· Proposal 4: Support look-ahead operation for dynamic power sharing in Rel-16.
· Proposal 5: 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.
· Once determined, the power cannot be changed due to latter arrived uplink grants.
· Proposal 6: For NR-DC in Rel-16, determine the CG prioritization by RRC time pattern or by the dynamic UL grant information.
· Proposal 7: Regarding uplink channel/signal prioritization within one CG or across CGs, prioritize URLLC uplink channels/signals for transmission power scaling.
R1-1906826 (Intel)
· Proposal 1: If supported, the semi-static power sharing for NR-NR DC is specified as follows 
· The maximum transmit power per group is restricted by the configured maximum power of the same group except for the case that the UE is certain that no uplink transmission is possible on the other cell group on the overlapping symbols by relying on the semi-statically indicated symbol directions. In such a case, the maximum transmit power of a cell group can be increased.
· Proposal 2:
· Minimum guaranteed powers or maximum transmission powers for MCG and SCG (e.g. ) can be separately configured on a UE-specific manner. 
· Proposal 3: 
· If supported, reuse the NR CA Case 2 power control mechanism for NR-NR Dual Connectivity to implement dynamic power sharing scheme.
· Proposal 4: 
· 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 5: 
· A unified signalling framework is adopted to operate semi-static and dynamic power sharing by properly setting the corresponding  and  values. 
R1-1906912 (Samsung)
· Proposal 1: For NR-DC in FR1, support inter-CG dynamic sharing of UE transmission power. 
· Proposal 2: Introduce a UE capability parameter for a UE to indicate support of inter-CG dynamic sharing of UE transmission power. Dynamic power sharing allows parameter settings resulting to semi-static power sharing.
· Proposal 3: Introduce a UE capability parameter for a UE to indicate whether or not, for determining a power at a transmission occasion, the UE can consider a power for a later scheduled overlapping transmission subject to Rel-15 timelines for determining a channel among overlapping channels for UCI multiplexing. 
· Proposal 4: 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. 
R1-1907067 (Nokia)
· Proposal 1: If implementation of dynamic power sharing cause severe UE complexity issue as in Rel-15, a UE or an operation mode supporting only semi-static power sharing needs to be specified.
· Proposal 2: Full power transmission should be supported for any Cell groups.
· Proposal 3: If semi-static power sharing mode is supported, over-written by dynamic power sharing or fast switching to dynamic power sharing should be supported.
· Proposal 4: For fair comparison, dynamic power sharing schemes need to be distinguished by the information to be sahred between CGs and the complexity to obtain the required information. 
· Proposal 5: Rel-16 support dynamic power sharing with look-ahead and aims to keep constant transmission power during the UL transmission.
· Proposal 6: Search window for look-ahed is defined by T_offset which is the minimum timing gab between transmission of UL on a CG and the reception of UL grant for the simultaneous transmission in the other CG, as shown in Figure 2.
· For further discusison whether smaller T_offset can be supproted by simplifying the informaiton to be observed by look-ahead and to be shared between cell groups.
· Proposal 7: Rel-16 supports at least to look-ahead and share the exitence of UL grant and UL transmission between cell groups to determine transmission power at each cell group.
· Proposal 8: Rel-16 NR DC specify a power control scheme composed by two separated parts, inter-CG power sharing and separated power control within each CG, instead of joint optimization of power control cross CGs.
· Proposal 9: If multiple implementation options or modes are supported, dynamic power sharing with look-ahead which shares full scheduling information between cell groups is supported as one of the options/modes.
R1-1907157 (AT&T)	
· Proposal 1: Dynamic power control for NR-NR DC is supported.
· Proposal 2: Operation in semi-static control scheme can share the same set of RRC parameters as that of dynamic power control scheme
· Proposal 3: For NR-NR DC where both SCG and MCG are wholly in FR1 a single power control mechanism should be defined for both synchronous and asynchronous DC
· Proposal 4: Look ahead function is considered for dynamic power control in NR-NR DC
· Proposal 5: Dynamic power control based on maximum transmit power per CG should be considered
R1-1907240 (Motorola Mobility, Lenovo)
· Proposal 1: [Alt 3]
· 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
· 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 + 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).
· Proposal 2: 
· 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.  
R1-1907303 (Qualcomm)
· Proposal 1: Due to the extra complication for UE implementation, dynamic power sharing should not be supported for Rel. 16 NN-DC.
· Proposal 2: For uplink power control of synchronous 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, for synchronous deployments, 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 behaviour is expected:
· In synchronous DC, 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.  
· In asynchronous DC, the UE uses the maximum allowed power per group and manages its uplink transmission within each group similar to Rel. 15 CA.
R1-1907330 (Ericsson)
· Proposal 1
· For NR-NR DC power control where MCG and SCG are in same frequency range fast communication between MCG and SCG modules within the UE can be assumed as baseline (i.e., no need to specify a separate semi-static power sharing capability)
· Proposal 2
· NR-DC power sharing 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.
· 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
R1-1907352 (Panasonic)
· Proposal 1: Semi-static power sharing scheme Alt.1 behaviour should be allowed as the configuration regardless of what conclusion of the power control scheme.
· Proposal 2: Dynamic power sharing scheme should be concluded first. Then using the same framework, the options only to use semi-static information like Semi-static power sharing scheme alt 2 or alt 3 should be discussed.
· Proposal 3: Basic principle is to maintain constant transmission power of a channel/signal in a CG. In case the other CG is random access or URLLC like high reliability transmission, UE is not required to respect this principle.
· Proposal 4: To use minimum guaranteed power principle, i.e. regardless of the other CG's activity, certain power is kept for the first CG should be used.
· Proposal 5: Once power is determined, constant transmission power of a channel/signal in a CG should be used except the other CG is random access or URLLC like high reliability transmission.



8/17
