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1. Introduction
In RAN1 #78 [1], the PRACH priority was discussed followed by an email discussion, and the UCI based priority rule was agreed for allocation of remaining power in dual connectivity with several detailed items left FFS.

In this contribution, we discuss the remaining issues on the guaranteed power applicability on PRACH and SRS, and several discuss the remaining issues on UCI priority rules. Furthermore, we raise an UCI priority issue under simultaneous PUCCH and PUSCH transmissions. For better power allocation, the first channel with UCI on each CG should be prioritized.

2. Applicability of guaranteed power
PRACH priority under dual connectivity was discussed in RAN1 #78 and email discussion [2]. PRACH is used for initial access and RRC connection setup, and should have the highest priority on a CG. Therefore, for PRACH transmission on a single CG, the minimum guaranteed power for each CG may be ignored. On the other hand, the Msg3 in a random access procedure is a PUSCH transmission, thus the minimum guaranteed power is applied.

For simultaneous PRACH transmission on both MCG and SCG, the PRACH on the PCell should have the highest priority; the remaining PRACH can be determined by UE implementation. To ensure successful access and fast response, the transmission power of a PRACH should not be reduced or scaled down. 
Proposal 1: The minimum guaranteed power of each CG is not applicable to PRACH, and is applicable to Msg3. The priority of PRACH is given as PRACH of the PCell > PRACH on other serving cells.
On the other side, sounding reference signal (SRS) is used to assist the UL channel estimation. Within each CG, the SRS has the lowest priority in power allocation. The same principle may be applied across CGs in dual connectivity. Thus, if only SRS is scheduled on a CG, the minimum guaranteed power of this CG may be compromised if more power is required on the other CG. If the remaining power is not sufficient for the SRS transmission, the SRS may be dropped. 

Proposal 2: The minimum guaranteed power of each CG may not be applicable to SRS.
3. Remaining issues of UCI priority

In RAN1 #78, the UCI priority rules were agreed with several FFS items [3].
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For the FFS items, simple methods are preferred. The aperiodic CSI of a CG normally contains periodic CSI of one or more serving cells as well as other information as requested, e.g. subband CSI. Thus, for aperiodic and periodic CSI collision on a CG, the periodic CSI should be dropped and aperiodic CSI is reported as in current specifications. However, it is meaningless to compare aperiodic CSI of one CG and periodic CSI from another CGs. Therefore, aperiodic CSI and periodic CSI should not be differentiated across CGs in dual connectivity. 

For the channel type, PUCCH normally requires less power than a PUSCH transmission. However, in power limited case, the UE may choose to drop the data and report UCI on PUCCH instead. Thus, the channel priority may be changed depending on the channel format used on a CG, which becomes more complicated. For example, for a HARQ-ACK on PUSCH of the PCell and a HARQ-ACK on PUCCH of pScell, if channel type priority is considered first, the SCG PUCCH has higher priority than the MCG PUSCH. If the requested power for PUSCH is not sufficient, and UE drops the data and report the HARQ-ACK on PUCCH instead [4], the MCG PUCCH should have higher priority than SCG PUCCH. 
Since MCG is more important than the SCG in general, for the same type of UCI, a simple rule of MCG has higher priority than SCG can be employed for the same type of UCI. Thus, even if a UCI on PUSCH is changed to UCI on PUCCH, the channel priority order will remain the same.
Proposal 3: The priority rules are evaluated based the UCI type and CG, i.e. HARQ-ACK/SR> CSI>PUSCH without CSI, and MCG>SCG. 
4. UCI transmissions under simultaneous PUCCH/PUSCH 
In [77-11], it was agreed that simultaneous PUSCH/PUCCH transmission can be independently configured per CG. The priority rule across CGs may cause some issues under simultaneous PUSCH/PUCCH transmission. If the guaranteed power is configured for each CG, and all UCI on the MCG have higher priority than the UCI on SCG, more than one channel with UCI may be allocated with insufficient power, thus causing bad feedback performance. 

With simultaneous PUSCH/PUCCH transmission, the UCI may be carried on two channels in a CG. For example in Figure 1a), let's assume that the MCG is configured with simultaneous PUSCH/PUCCH transmission, the HARQ-ACK is reported on PUCCH (the first channel with UCI) and the CQI is reported on PUSCH (the second channel with UCI) of the MCG, the SCG is not configured with simultaneous PUSCH/PUCCH transmission, and CSI is reported on PUSCH of the SCG. The requested power of each channel is also shown in Figure 1a). 
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Figure 1. Example of UCI priority rules under simultaneous PUCCH and PUSCH transmissions

Following the priority rule of MCG > SCG in case of same UCI type and channel type, the priority order will be:
HARQ-ACK on PUCCH of MCG > CSI on PUSCH of the MCG > CSI of PUSCH on SCG

Thus, the guaranteed power on MCG will be allocated to the PUCCH, and the guaranteed power on the SCG will be allocated to the PUSCH on SCG first. For the remaining power, the PUSCH of the MCG will have higher priority than the PUSCH on SCG. The allocated power is shown in Figure 1b). As a result, there may not be enough power to get an acceptable CSI report error performance for both the PUSCH on the MCG and the PUSCH on the SCG. Thus, two channels with UCI may be sacrificed with the existing priority rules.
To avoid such a problem, the first channel with UCI on each CG should be given higher priority. Thus, the channel with UCI that is allocated with the guaranteed power should have higher priority than a second channel with UCI of another CG. In the previous example, the resulting power allocation is shown in Figure 1c) with the priority order of:

HARQ-ACK on PUCCH of MCG > CSI on PUSCH of the SCG > CSI of PUSCH on MCG

With higher priority on the first channel with UCI of each CG, the SCG PUSCH with CSI is allocated with enough power. The remaining power is given to the MCG PUSCH with CSI. Thus, only one channel with UCI is sacrificed. 
Proposal 4: In case of simultaneous PUCCH/PUSCH transmissions, the first channel with UCI on each CG should have higher priority than the second channel with UCI on a CG. 

5. Conclusion
In this contribution, we discuss some remaining issues of UL transmission power control for dual connectivity, including the applicability of guaranteed power, potential data dropping and channel modifications for UCI transmissions. We propose: 
Proposal 1: The minimum guaranteed power of each CG is not applicable to PRACH, and is applicable to Msg3. The priority of PRACH is given as PRACH of the PCell > PRACH on other serving cells.
Proposal 2: The minimum guaranteed power of each CG may not be applicable to SRS.

Proposal 3: The priority rules are evaluated based the UCI type and CG, i.e. HARQ-ACK/SR> CSI>PUSCH without CSI, and MCG>SCG. 
Proposal 4: In case of simultaneous PUCCH/PUSCH transmissions, the first channel with UCI on each CG should have higher priority than the second channel with UCI on a CG. 
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When UE apply priority rule for PUCCH/PUSCH across CGs, the priority rule for PUCCH/PUSCH across CGs to utilize remaining power is as the followings


HARQ-ACK = SR > CSI > PUSCH without UCI 


FFS: Priority between periodic and aperiodic CSI


If a channel has more than one type of UCI, the prioritization across CG is based on the highest priority UCI type


The same UCI type collides, MCG gets higher priority over SCG


FFS whether priority rule based on channel type is considered


If considered, the same UCI type collides, channel type of PUCCH gets higher priority over PUSCH


If considered, the same UCI type with same channel type collides, MCG gets higher priority over SCG
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