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1 Introduction

In RAN1#78bis meeting, DC power control mode 1 and power control mode 2 are supported as agreements below: 
· In dual-connectivity, for UEs with “Sync+Async” capability, the UE’s UL power control behavior is based on network signal

· If the network signals DC power control mode 1, 

· If the maximum uplink timing difference between signals to different serving cells including serving cells belonging to different CGs is equal to or less than [33us], a UE shall apply DC power control mode 1. 

· Otherwise, similar handling as in MTA
· Note: [33us] is a temporary value used by RAN1 for the discussion. The actual value is up to RAN4. 
· Otherwise, a UE shall always apply DC power control mode 2.

· The network signal is explicit UE configuration

· It is RAN1 understanding is that power control mode is consistent with other synchronous vs unsynchronous UE behaviors (e.g., measurement gap, definition of P_cmax) in dual connectivity

· The power handling of small overlap like [33usec] is up to RAN4
Definition:

· The term “DC power control mode 1” is used to describe the following power control behaviour: 
· All the remaining power can be shared. 
· Priority is determined based on UCI type across CG for the remaining power
· The term  “DC power control mode 2” is used to describe the following power control behaviour: 
· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission. 
· All remaining power is first made available to CG associate with earlier transmission.
In RAN4#72bis meeting, [1] was endorsed, where Pcmax is defined for synchronized transmissions and unsynchronized overlapping transmissions respectively as follows: 

=======================================================

……
The total UE configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H

If the UE is configured in Dual Connectivity, the subframes in one CG that overlap with subframes in another CG in their respective slot 1 shall be paired together between CGs. 

When synchronized transmissions occur between cell groups’ uplink serving cells, PCMAX_L and PCMAX_H, are defined in subclause 6.2.5A for carrier aggregation inter-band case.

If the UE is configured in Dual Connectivity and synchronized transmissions of the UE on subframe p for a serving cell in one CG overlaps some portion of the first symbol of the transmission on subframe q +1 for a different serving cell in the other CG, the UE minimum of PCMAX_L between subframes pairs (p, q) and (p+1, q +1) respectively applies for any overlapping portion of subframes (p, q) and (p +1, q+1). PPowerClass shall not be exceeded by the UE during any period of time.
When unsynchronized overlapping transmissions occur, the leading CG is always taken as reference subframe i.e. whose subframe leads in time compared to the other subframe in the subframe pair. The reference subframe is the subframe where the calculated per UE PCMAX is applied by the UE. If subframe p and subframe q are the subframe pair (p,q) between MCG and SCG respectively, then 
1. if MCG leads, the (p,q) and (p,q-1) pairs are considered for PCMAX definition i.e. for deriving the values of PCMAX_L   and PCMAX_H  .

2. if SCG leads, the (p-1,q) and (p,q) pairs are considered for PCMAX definition i.e. for deriving the values of PCMAX_L   and PCMAX_H .
The above PCMAX_L   and PCMAX_H bounds are defined as follows.
For the reference subframe p duration (when subframe p in MCG leads):
PCMAX_L   = MIN {PCMAX_L   (p,q) , PCMAX_L  (p,q-1)} 

PCMAX_H   = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q-1)}

For the reference subframe q duration (when subframe q in SCG leads):
PCMAX_L   = MIN {PCMAX_L   (p-1,q) , PCMAX_L  (p,q)} 

PCMAX_H   = MAX {PCMAX_H   (p-1,q) , PCMAX_H  (p,q)}

where PCMAX_L   and PCMAX_H for each overlapping pairs of subframes (p,q) , (p, q-1), (p-1,q) in the above equations are defined in subclause 6.2.5A for carrier aggregation inter-band case. 
…….
=======================================================
In this contribution we will investigate the impact on RAN1 power control schemes by the RAN4 agreements.
2 Impact on power control schemes by RAN4 agreements
2.1 Impact on power allocation of PCM2 with small overlap case
In RAN4 agreement, “synchronized transmissions of the UE on subframe p for a serving cell in one CG overlaps some portion of the first symbol of the transmission on subframe q +1 for a different serving cell in the other CG, the UE minimum of PCMAX_L between subframes pairs (p, q) and (p+1, q +1) respectively applies for any overlapping portion of subframes (p, q) and (p +1, q+1). PPowerClass shall not be exceeded by the UE during any period of time.”Figure 1 illustrates this case. Note that the definition of PCMAX_L  in this case is similar to the case of multiple TAGs in carrier aggregation. 
Since PCMAX_L, overlapping portion（p,q+1）  is the minimum of PCMAX_L(p, q) and PCMAX_L(p+1, q+1), PCMAX, overlapping portion（p,q+1）  can be different from PCMAX(p, q)  or PCMAX (p+1, q+1).
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Fig. 1. The Pcmax definition for subframe pair (p, q) (p+1, q+1) for synchronized transmissions of UE.
Observation 1:  For synchronized transmissions, in which subframe p for a serving cell in one CG overlaps some portion of the first symbol of the transmission on subframe q +1 for a different serving cell in the other CG
· PCMAX, overlapping portion（p,q+1）  can be different from PCMAX(p, q) or PCMAX_L(p+1, q+1).
In [6], the power allocation for PCM2 is shown as below, with Editor’s note that “P_CMAX handling can be updated after RAN4 decides P_CMAX handling for Dual connectivity”.
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In the case of synchronized transmission, the above formula needs to be updated since the value of  
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 can be changed within one subframe, and it is not clear which value is used when determining
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For convenience, the formula above is rewritten as below to align with RAN4’s description, and the case is not considered where there is no transmission in the subframe for power allocation determination.
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Two options can be considered on choosing the value of Pcmax:
(1) Define the power allocation of the bigger overlapping  portion only, as shown below:
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and leave the power allocation of the smaller overlapping portion to UE implementation such that the overall Pcmax is not exceeded,
(2) Define the power allocation of the whole subframe and use Pcmax with bigger overlapping portion only, as shown below
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We prefer option (1) than option (2). With option 2, the power allocation can exceed the Pcmax in the smaller overlapping portion (p, q+1), when the Pcmax in that portion is lower than the bigger overlapping portion.
Proposal 1: When PCM2 is configured, for synchronized transmissions, in which subframe p for a serving cell in one CG overlaps some portion ([33us]) of the first symbol of the transmission on subframe q +1 for a different serving cell in the other CG, power allocation for the small overlapping portion is up to UE implementation so long as Pcmax is not exceeded.
2.2 Reserved power determination in dual connectivity
When unsynchronized overlapping transmissions occur as shown in Figure 2 below, according to RAN4 agreements in [1], UE has to finish decoding (E)PDCCHs which schedule the channels on subframe q in order to determine Pcmax of subframe p. As Pcmax is the input to the power allocation, when UE determines the power allocation of p, it has known whether there is uplink transmission in subframe q and thus the power reservation for subframe q is not needed if there is no transmission scheduled. 
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Fig. 2. The Pcmax definition for the reference subframe p duration (when subframe p in MCG leads), when unsynchronized overlapping transmissions occur
When synchronized transmissions occur (figure1), for PCM1, UE only needs to consider the paired subframes (p,q) for power reservation, where a time difference smaller than [33] is applied. UE has enough time to ‘look ahead’ and has no difficulty to finish decoding the (E)PDCCHs. For PCM2, UE needs also to consider the pair of subframe (p,q+1) for power reservation. Although the time difference between this pair is larger, similar as unsynchronized transmissions, when determining the power allocation of subframe p, UE needs to finish decoding (E)PDCCHs which schedule the channels on subframe q+1 in order to get PCMAX_L(p, q+1).
Therefore, in addition to utilize the information of higher layer signalling, UE can utilize the scheduling information to decide whether power reservation is needed. When there is no transmission in a subframe, UE does not need to reserve power for the subframe, no matter whether PCM1 or PCM2 is configured.
Proposal 2: UE does not reserve power for a CG in a subframe, if there is no UL transmission in the subframe based on higher layer signalling or based on the (E)PDCCH decoding results, no matter whether PCM1 or PCM2 is configured.

3 Conclusions
In this contribution we investigated the impact by the Pcmax definition agreed in RAN4. Based on the analysis we have the following proposals:

Observation 1:  For synchronized transmissions, in which subframe p for a serving cell in one CG overlaps some portion of the first symbol of the transmission on subframe q +1 for a different serving cell in the other CG
· PCMAX, overlapping portion（p,q+1）  can be different from PCMAX(p, q) or PCMAX_L(p+1, q+1).
Proposal 1: When PCM2 is configured, for synchronized transmissions, in which subframe p for a serving cell in one CG overlaps some portion ([33us]) of the first symbol of the transmission on subframe q +1 for a different serving cell in the other CG, power allocation for the small overlapping portion is up to UE implementation so long as Pcmax is not exceeded.
Proposal 2: UE does not reserve power for a CG in a subframe, if there is no UL transmission in the subframe based on higher layer signalling or based on the (E)PDCCH decoding results, no matter whether PCM1 or PCM2 is configured.
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