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Introduction  
This contribution considers remaining topics on UL PC for NR-DC on a same frequency range [1]. Substantial progress was achieved in RAN1#98bis and the following were included in the agreements. The main remaining issue is the definition of “look-ahead” for supporting dynamic power sharing (DPS). There are also some residual issues such as whether a UE needs to be explicitly configured to operate with semi-static power sharing (SPS) or with DPS.

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:
· 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. 


“Look-ahead” for DPS in NR-DC 
‘Look-ahead’ (shortcut term for a UE ability to determine aspects of a signal/channel transmission at a given transmission occasion by considering later scheduled overlapping signal/channel transmissions) is supported in Rel-15 for UCI multiplexing when there are time-overlapping PUCCHs/PUSCHs. A DCI format that triggers a PUCCH and is detected after a DCI format that schedules an overlapping PUSCH is considered for the contents of the PUSCH (UCI multiplexing) subject to processing time requirements. However, Rel-15 does not use ‘look-ahead’ type processing timelines for determining power scaling even though that is a much simpler procedure than determining a channel for multiplexing UCI and then multiplexing the UCI while potentially dropping overlapping transmissions. The Rel-15 UE processing timeline for determining UCI multiplexing in a PUCCH/PUSCH (section 9.2.5 of [2]) can apply as a conservative timeline for determining a transmission power with ‘look-ahead’. 

Proposal 1: Re-use the Rel-15 timelines for UCI multiplexing for determining a transmission power of overlapping channels between CGs in NR-DC. 


[bookmark: _GoBack]A UE can first determine a group of overlapping transmissions and then determine a total power for the group. The boundary of timeline determination can be set at the start of the earliest transmission in the group. A group of transmissions can be defined by considering a leading transmission and including every other transmission that either directly or indirectly overlaps with the leading transmission. For example, in Figure 1, PUSCH3 indirectly overlaps with PUSCH2 because it overlaps with PUSCH1 that directly overlaps with PUSCH2. A potential UE processing bottleneck is for the UE to be aware of later overlapping transmissions. A conservative bound is the PUSCH preparation time . 

Figure 1(a) describes an example for the timeline application. For a cell other than the cell of the leading transmission, an offset  from the starting point of the leading transmission is defined (μ is the SCS of a cell). PUSCH2 is the leading transmission, PUSCH1 satisfies the timeline, PUSCH3 does not satisfy the timeline and the UE can jointly determine the power of PUSCH1 and the power of PUSCH2. A less conservative offset than  can also be considered.  should also allow for a time the UE requires for power determination. 
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Figure 1: (a) ‘Look-ahead’ determination of transmission power, (b) Rel-15 determination of transmission power

The timeline is essentially equivalent in terms of UE impact to the Rel-15 one described in Figure 1(b). The Rel-15 UE operation is per-symbol and implicitly requires a UE to handle dynamic overlapping transmission with  processing time, i.e., acknowledging PUSCH1 for which the UE obtains the UL grant  earlier at the highlighted symbol boundary. The main modification of ‘look-ahead’ for transmission power determination compared to Rel-15 is that the decision boundary is set at the start of the leading transmission and not at every symbol boundary. This results to a UE operation that is actually simpler than in Rel-15. 

Proposal 2: 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. 

	
Instead of considering only the leading transmission, in a group of overlapping transmissions, to determine a transmission power for the group of overlapping transmissions, a sequential approach has also been suggested as described in Figure 2. One main difference between Figure 1 and Figure 2 is that Figure 2 considers  from PUSCH#2 which is not the leading PUSCH of the overlapping group (a sequential approach is also not according to the Rel-15 UCI multiplexing rules). In Figure 2, power of PUSCH#1 is determined using DCI#1 and DCI#2, and then power of PUSCH#2 is determined using DCI#2 and DCI#3 (assuming PUSCH#3 belongs to CG1), while assuming that the power of PUSCH#1 is fixed. One problem with a sequential approach is that the processing time for PUSCH#2 power determination is effectively much shorter than the time intended by . For example, if power determination of PUSCH#1 barely meets processing time, the remaining time for determination of PUSCH#2 power is only the time difference between the transmission of PUSCH#1 and PUSCH#2. Unlike what is shown in Figure 2, this is not . The operation in Figure 1 allows a clean UE processing viewpoint and that there is enough processing time for power determination for all involved transmissions.
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Figure 2: ‘Look-ahead’ behaviour in R1-1909760	


Configurability of Operating Mode 
A higher layer parameter (NR-DC-PC-mode) was introduced to indicate the SPS mode for UL PC (as defined by “Alt. 1-2” and by “Alt. 2”). This was based on the agreement that “configuration between Alt.1-2 and Alt.2 is supported”. However, in subsequent email discussions for the RRC parameter list it became apparent that different understandings existed for the meaning of such configuration with some companies having the opinion that it meant RRC configuration and other companies having the opinion that it meant UE capability indication. The former interpretation has been currently captured. However, the need for the network to have to configure a UE indicating (or not indicating) a capability to operate with Alt.1-2 to operate with Alt.1-2 or Alt.2 was not justified.

Proposal 3: RAN1 to provide a justification for the need to introduce NR-DC-PC-mode. Absence of a justification, NR-DC-PC-mode should be removed. 


Although the purpose of introducing NR-DC-PC-mode was to configure a UE to operate with either “Alt.1-2” or “Alt.2”, NR-DC-PC-mode can also be used to indicate SPS (if provided) or DPS (if not provided). However, indication of SPS or DPS can be based on the sum for the (linear) values of p-NR-FR1 (or p-NR-FR2) for the MCG and the SCG – i.e. whether or not the sum is larger than the (linear) value of a configured maximum transmission power. 


Conclusions
This contribution considered aspects related to UL power control for Rel-16 NR-DC and proposes the following.

Proposal 1: Re-use the Rel-15 timelines for UCI multiplexing for determining a transmission power of overlapping channels between CGs in NR-DC. 

Proposal 2: 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 3: RAN1 to provide a justification for the need to introduce NR-DC-PC-mode. Absence of a justification, NR-DC-PC-mode should be removed. 
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