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1 Introduction
This paper provides our views on remaining issues on Rel-16 uplink power control for supporting NR-NR dual-connectivity. Detailed proposals are described in the following sections. 
2 Remaining Issues on Dynamic UL Power Sharing of 
Rel-16 NR-DC

2.1 UL Cancellation
In RAN1 #101-e [1], it is agreed in agenda 7.2.10.1 that 

Agreement:
For power determination of UL transmission in SCG starting at T0, a UE may assume MCG UL transmission is present even if 
· a higher-layer configured MCG UL transmission is not transmitted, or 
· a dynamically scheduled MCG UL transmission is skipped according to the section 5.4.3.1.3 of TS 38.321, or 
· an MCG UL transmission is cancelled due to either DCI format 2_0/2_4 received after T0-Toffset for determination for the UL transmission in MCG overlapping with the concerned SCG transmission.
Agreement:
In order to determine [image: image1.png]


, the UE uses DCI formats in PDCCH receptions with a last symbol that is earlier by more than T_offset from the first symbol of the transmission occasion on the SCG starting at time T0. 
In the latest 38.213 CR of Rel-16 DC/CA [2], for UL dynamic power sharing of NR-DC, the following UE behaviours are specified:

· [image: image4.png]
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is the total power for the transmissions on the MCG that overlap with the transmission occasion on the SCG where  is determined based on transmissions configured by higher layers and on transmissions scheduled by DCI formats in PDCCH receptions with a last symbol that is at least [image: image9.png]


 before the first symbol of the transmission occasion on the SCG.
· The UE does not expect to have PUSCH, PUCCH, or SRS transmissions on the MCG that
-
are scheduled/triggered by DCI formats in PDCCH receptions with a last symbol that is earlier by less than or equal to [image: image11.png]


 from the first symbol of the transmission occasion on the SCG, and

-
overlap with the transmission occasion on the SCG
The agreements in RAN1 #101-e [1] and the UE behaviour specified in the latest 38.213 CR of Rel-16 DC/CA [2] mainly characterized the following:
· MCG sum power ([image: image12.png]


) cannot be changed by control information received after ‘T0-Toffset’ on the SCG timeline
and implied that:
· The information input deadline for MCG power sum ([image: image13.png]


) info delivered to SCG is T0-Toffset

An illustration figure (Fig. 1) is given below for ease of explanation:
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Fig. 1
Observation 1: For Rel-16 UL dynamic power sharing of NR-DC
· MCG sum power ([image: image15.png]


) cannot be changed by control information received after ‘T0-Toffset’ on the SCG timeline
· The information input deadline for MCG power sum ([image: image16.png]


) info delivered to SCG is T0-Toffset
With the way the current spec is written, at T3 (T0-Toffset) in Fig. 1, UE begins the MCG power arbitration to determine which channels are on MCG that overlap with SCG, and distributes the power among MCG. If network sends further control information, say UL cancellation to cancel the transmission on MCG after T3 (T0-Toffset), then [image: image17.png]


 (total power for the transmissions on the MCG that overlap with the transmission occasion on the SCG) seems to become smaller, and it is not clear whether this is aligned with current spec that MCG sum power cannot be changed by control information received after ‘T0-Toffset’.
Proposal 1: Clarify that whether UL cancellation on MCG after ‘T0-Toffset’ is allowed according to current spec

· the MCG UL sum power [image: image18.png]


 seems to be changed (becomes smaller) after ‘T0-Toffset’ with this UL cancellation on MCG.
2.2 Scheduling Offset
In NR-DC, it is reasonable to assume that network scheduler for SCG and MCG are independent and they do not share activity information. Therefore, MCG is not able to know if its transmission overlaps with SCG transmission. In Rel-16 UL dynamic power control of NR-DC, it is agreed in RAN1 #98-bis [3] that

 Agreements:
· Support dynamic power sharing 

· 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

and RAN1 #99 [4] that
Agreements:
· UE does not expect to be scheduled by PDCCH(s) received on MCG after T0-T_offset that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission
The corresponding concept is also illustrated in Fig. 1. From NW side, MCG is not able to know if the scheduled MCG UL transmission would overlap with SCG UL transmission. Hence, MCG NW should use a K2 > Toffset to ensure that MCG UL transmission is not ignored by UE.
Observation 2: For Rel-16 UL dynamic power sharing of NR-DC, MCG NW should use a K2 > Toffset to ensure MCG UL not to be ignored by UE.
For single CG operation, UE determines the power of UL starting at time TUL around TUL – Tproc,2 (as late as possible) so that UE would not have to recalculate the UL power due to a overlapping UL happens on another CC.
For NR-DC operation, UE would need to 

· bring forward the power determination of MCG UL to T0-T_offset if there is an overlapping UL transmission on SCG, 

· while still determine the MCG UL power as late as possible if there is no spotted overlapping transmission on SCG to avoid recalculating the MCG UL power due to an overlapping UL happening on another CC on MCG.

If MCG NW always uses a K2 > Toffset for MCG UL:
· Even if there is no spotted overlapping transmission on SCG, UE can begin to calculate MCG UL power at T1 (the transmission timing of the last symbol of MCG UL) – Toffset, as shown in Fig. 2 below:
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Fig. 2
We hence have the following proposal:
Proposal 2: For Rel-16 UL dynamic power sharing of NR-DC, MCG NW always uses K2 > Toffset when scheduling a UL transmission.
3 Summary 

In this contribution, we focus on the discussions for the Rel-16 remaining issues on uplink power control for supporting NR-NR dual-connectivity and have the following proposals:
Observation 1: For Rel-16 UL dynamic power sharing of NR-DC
· MCG sum power ([image: image20.png]


) cannot be changed by control information received after ‘T0-Toffset’ on the SCG timeline
· The information input deadline for MCG power sum ([image: image21.png]


) info delivered to SCG is T0-Toffset
Proposal 1: Clarify that whether UL cancellation on MCG after ‘T0-Toffset’ is allowed according to current spec

· the MCG UL sum power [image: image22.png]


 seems to be changed (becomes smaller) after ‘T0-Toffset’ with this UL cancellation on MCG.
Observation 2: For Rel-16 UL dynamic power sharing of NR-DC, MCG NW should use a K2 > Toffset to ensure MCG UL not to be ignored by UE.
Proposal 2: For Rel-16 UL dynamic power sharing of NR-DC, MCG NW always uses K2 > Toffset when scheduling a UL transmission.
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