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1. Introduction

In Rel-15 NR, the power control for NR-NR dual-connectivity (DC) is discussed for the special case where one cell group is in FR1 and the other is in FR2. Since the definition of power class for UE in FR2 is different from that in FR1, thus it is infeasible to define the common power restriction on the total UE transmit power of multiple cell groups in different frequency ranges. As a result, the power control for master cell group in FR1 and the secondary cell group in FR2 should be done independently [1]. 

For Rel-16 further enhancement on NR DC and CA, a task of power control for NR-NR DC is raised in a new WID [2] as follows:

1. Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]

· UE power control [RAN1]

· RRC signalling to support of enhanced NR-NR DC [RAN2]

· Core requirements to support enhanced NR-NR DC [RAN4]

Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core
In RAN1#98 and RAN1#98bis meetings, a good progress was made as follows [3][4]:

Agreements:

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

Agreements:

· Considering the following two alternatives for semi-static power sharing with [image: image2.png]lDMCG
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· 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 [image: image6.png]PMmca
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· Otherwise (i.e. collides with only semi-static ‘DL’ symbols on all CCs of SCG), [image: image10.png]PMmca
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  are configured by RRC signaling. 
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  are determined by RAN4 requirement. 

· Alt.2: For the uplink transmission in MCG and in SCG, UE limits its actual transmission power [image: image26.png]PmMce
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Agreements:

· Adopt Alt.1-2 and Alt.2 for semi-static power sharing for NR-NR DC.
· Alt.1-2 is only subject to configured maximum transmission power defined by RAN4 

· Configuration between Alt.1-2 and Alt.2 is supported.
· FFS: add more clarification
· FFS: applied for synchronous DC only or applied for both synchronous and asynchronous DC (which may be the same or different for Alt.1-2 and Alt. 2)    
Agreements:

· For semi-static power sharing for NR-NR DC, to down-select during this week:

· Alt 1: no PHR is reported in a CG for the other CG

· Alt 2: Virtual PHR for active CCs of another CG

(The above change is the update on Wed.)

Agreements:

For dynamic power sharing for NR-NR DC (if supported), to down-select during this week:
· Alt 1: When PHR for a CG is reported in another CG, reusing Rel-15 EN-DC framework to determine the PHR (actual/virtual) for active CCs of in the CG

· Alt 2: Virtual PHR for active CCs of another CG

· Alt 3: no PHR is reported in a CG for the other CG

· (The above change is the update on Wed.)

Agreements:

Support dynamic power sharing 

· If there is no overlapping transmission, maximum power on CG i is determined by RAN4 spec without considering P_CG_i.

· If there is overlapping transmission, maximum power on CG i is limited to P_CG_i.

· Note: “look-ahead” operation is included as a UE capability below

· In case of power limitation, MCG is prioritized over SCG and reuse CA rule within each CG 
· Optional UE capability to indicate the support of dynamic power sharing operation 

· Separate optional UE capability to indicate the support of ’look-ahead’ operation on condition that UE indicates support of dynamic power sharing operation. 

In this contribution, we will continue discussing the remaining details of the power control schemes for NR-NR DC. 
2. Discussion
Regarding semi-static power sharing for NR-NR DC, RAN1 has agreed to support both Alt.1-2 and Alt.2 by configuration [4]. The major motivation to support two schemes is that some scheme may be only applicable for some scenarios.  For Alt.1-2, UE can use different maximum transmission powers based on whether or not there are some semi-static potential collisions during the UL transmission occasion:

· For synchronous NR-NR DC, network and UE share the same understanding whether or not there are some semi-static potential collisions during one given UL transmission occasion. Thus Better performance can be achieved by Alt.1-2 in this case.

· For asynchronous NR-NR DC, network cannot know whether or not there are some semi-static potential collisions during one given UL transmission occasion. If UE uses Alt.1-2 in this case, network is difficult to predict the UE transmission power and control the uplink interference within the cell. Therefore, Alt.1-2 cannot guarantee the performance for asynchronous NR-NR DC. 

For Alt.2, the maximum transmission of each cell groups is totally configured by RRC. Thus network and UE share the same understanding for both synchronous NR-NR DC and asynchronous NR-NR DC. 

Based on the discussions, we have the following observation:

Observation 1: For the semi-static power sharing for NR-NR DC

· Alt.1-2 is applicable for synchronous NR-NR DC

· Alt.2 is applicable for both synchronous and asynchronous NR-NR DC

Another open issue regarding semi-static power sharing is how to define the overlapping between MCG and SCG.  FL’s summary captured the following two alternatives [5]

· Alt.1: on a symbol-level

· Alt.2: on a per uplink transmission level

In LTE and NR system, the transmission power should be kept constant during a transmission occasion. If the power is variable across symbols within a transmission occasion, the performance of channel estimation and PUSCH reception will be degraded due to the uncertainty of power. Thus we have the following proposal:

Proposal 1: For the semi-static power sharing for NR-NR DC

· The overlapping of MCG and SCG is determined on a per uplink transmission level

· The transmission power is constant across symbols within any transmission occasion

Regarding dynamic power sharing for NR-NR DC, “look-ahead” operation has been agreed. One remaining issue is how to define the “look-ahead” operation.   From the perspective of UE implementation, “look-ahead” operation should not lead to a large increase of requirement of UE processing capacity. Therefore, a cutting-off threshold is beneficial to “control” the UE complexity. In Rel-15, Tproc,2 is used to determine the minimum requirement of the PUSCH scheduling offset, which is a straightforward solution for the cutting-off threshold of “look-ahead” operation. 

Proposal 2: For the dynamic power sharing for NR-NR DC with “look-ahead” operation

· When calculating the transmission power for a given UL transmission occasion starting at time T in one cell group, UE will consider overlapping UL transmission in the other cell group which is scheduled or triggered by PDCCH(s) received before T- Tproc,2  

3. Conclusion

In this contribution, we discuss the remaining issues of NR-NR DC power control, and have the following observations and proposals: 

Observation 1: For the semi-static power sharing for NR-NR DC

· Alt.1-2 is applicable for synchronous NR-NR DC

· Alt.2 is applicable for both synchronous and asynchronous NR-NR DC

Proposal 1: For the semi-static power sharing for NR-NR DC

· The overlapping of MCG and SCG is determined on a per uplink transmission level

· The transmission power is constant across symbols within any transmission occasion

Proposal 2: For the dynamic power sharing for NR-NR DC with “look-ahead” operation

· When calculating the transmission power for a given UL transmission occasion starting at time T in one cell group, UE will consider overlapping UL transmission in the other cell group which is scheduled or triggered by PDCCH(s) received before T- Tproc,2  
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