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1 Introduction

In RAN1#79 meeting, DC power control mode 2 in section 5.1.4.2 is agreed in [1].In RAN#66 meeting, section 6.2.5C in [2] was agreed, 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 TS 36.101.
2 Impact on power control schemes by TS36.101 specifications
2.1 Impact on power allocation of PCM2 with small overlap case
Based on [2], the synchronized transmission in RAN4 is the case where the maximum uplink timing difference is smaller than or equal to one symbol, and unsynchronized transmission is the case where the maximum uplink timing difference is larger than one symbol.  In RAN1, PCM2 is determined by network signaling regardless of maximum uplink timing difference at UE side, where the uplink timing difference can be any value. Therefore, both synchronized and unsynchronized transmission can be applied when PCM2 is configured.

Observation 1:  When PCM2 is configured，the uplink timing difference at UE side can be any value, and both synchronized transmission and unsynchronized transmission can be applied.
In [2], “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 2:  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).
As discussed in [4], the PCM2 definition in the TS 36.213 agreed in RAN1 #78bis [5] will lead to exceeding of Pcmax in the case of synchronized transmission. In the TS 36.213 agreed in RAN1#79 [1], the problem was addressed by replacing 
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. However, the problem has not been fully resolved as discussed below.
In [6], the power allocation for PCM2 is shown as follows, 
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In the case of synchronized transmission, the value of  
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 can be changed within one subframe based on observation 1, 
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Fig. 2. The Pcmax definition for subframe pair (i1-1, i2-1) (i1, i2) for synchronized transmissions of UE.
For convenience, the formula above is rewritten as below to align with the description in TS36.101
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It is not clear whether the subframe pair stated in [1] is aligned with the subframe pair stated in [2]. One possible interpretation of Pcmax value in the above formula is to use the Pcmax value in the overlapping portion of the subframe pair, i.e.
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In synchronized transmission case, 
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, which is the small overlapping portion.  (Problem 1)

The above problem exists because that the power allocation of the overlapping portion (i2-1,i1) is same as the portion of (i2-1, i1-1), while the Pcmax of overlapping portion (i2-1,i1) is smaller.
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the resulted power allocation priority can be subframe i1<i2, because the Pcmax used for subframe i1 power allocation is smaller, and it is not aligned with PCM2 principle, i.e., the subframe occurs earlier gets higher priority. (Problem 2)

The above problem exists because that the Pcmax of the small overlapping portion is used also for the big overlapping portion. 
To solve the above problem 2 in synchronized transmission case, a possible solution is to use the Pcmax of the bigger overlapping portion only, i.e., 
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used in [5] is used. To solve problem 1, some MTA like description can be used such that the overall Pcmax is not exceeded. The detailed text proposal is provided in this contribution. In addition, for the case of unsynchronized transmission, text proposal was also provided to link with the Pcmax definition in [2].
Proposal 1: When PCM2 is configured, 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, use the Pcmax of the bigger overlapping portion only in power allocation, and MTA like description is needed such that the overall Pcmax is not exceeded. 
2.2 Reserved power determination in dual connectivity
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Fig. 3. The Pcmax definition for the reference subframe p duration (when SCG leads), when unsynchronized overlapping transmissions occur
When unsynchronized overlapping transmissions occur as shown in Figure 3 above, according to specifications 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. 

When synchronized transmissions occur (figure1), 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 when 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, when PCM2 is configured.

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

Observation 1:  When PCM2 is configured，the uplink timing difference at UE side can be any value, and both synchronized transmission and unsynchronized transmission can be applied.
Observation 2:  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 of the first symbol of the transmission on subframe q +1 for a different serving cell in the other CG, use the Pcmax of the bigger overlapping portion only in power allocation, and MTA like description is needed such that the overall 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, when PCM2 is configured.
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5
Power control
5.1.4.2
Dual connectivity power control Mode 2

If the UE transmission(s) in subframe [image: image20.wmf]1
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where, 
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is the linear value of configured transmitted power for Dual Connectivity for the subframe i1,  as described in [6]. If the maximum uplink timing difference between transmitted signals to different serving cells including serving cells belonging to different CGs is equal to or less than one symbol, 
when the maximum uplink timing difference between transmitted signals in subframe i1 and transmitted signals in subframe i2 is equal to or less than one symbol, 
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is the linear value of configured transmitted power for the overlapping portion between the subframe pair
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if the transmission(s) of the UE on subframe 
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 for a given serving cell in a TAG of CG2 overlaps some portion of the first symbol of the transmission(s) on subframe 
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 for a different serving cell in another TAG of CG1, the UE shall adjust its total transmission power of both CGs to not exceed [image: image32.wmf]CMAX
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 if the UE does not have a PUCCH transmission in CG1; 
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[image: image42.wmf]MCG

g

and [image: image43.wmf]SCG

g

are given by Table 5.1.4.2-1 according to higher layer parameters P_MCG and P_SCG respectively;

If the UE has a PRACH transmission for CG1 overlapping with subframe [image: image44.wmf]1
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If the UE has a PRACH transmission for CG2 overlapping with subframe [image: image47.wmf]2
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 of CG2, and if the transmission timing of the PRACH transmission (according to subclause 6.1.1) is such that the UE is ready to transmit the PRACH at least one subframe before subframe [image: image48.wmf]2
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if the UE does not have an SRS transmission in subframe [image: image52.wmf]1
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if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe [image: image59.wmf]1
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if the UE has an SRS transmission and a has PUCCH transmission, and does not have a  PUSCH transmission in subframe [image: image62.wmf]1
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if the UE has an SRS transmission and a has PUSCH transmission, and does not have a  PUCCH transmission in subframe [image: image65.wmf]1
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if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in subframe [image: image68.wmf]1
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described in section 5.1.3.1.

If the UE determines based on higher layer signalling that transmission(s) on CG1 in subframe [image: image73.wmf]i
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