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1 Introduction
An LS on Pcmax definition of asynchronous overlapping transmissions was sent by RAN1 [1]. The LS is copied as:
In the Pcmax definition in for asynchronous overlapping transmission, the following was mentioned:

When asynchronous 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 .
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)}

RAN1 would like to note that for the UL power determination, RAN1 has agreed that power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted), and RAN1 uses single Pcmax value for a given subframe in a given CG when calculating power allocation according to PCM2. 

RAN1 would like to ask whether it is RAN4’s understanding that Pcmax of non-reference subframe q in TS36.101 could vary between the reference subframe p duration and the reference subframe p+1 duration in case 1, and Pcmax of non-reference subframe p could vary between the reference subframe q duration and the reference subframe q+1 duration in case 2. If yes, RAN1 asks RAN4 to provide a value of Pcmax that is used to calculate power allocation for a non-reference subframe for a CG.
In this contribution, we discuss this issue and provide a Pcmax definition for non-reference subframe for RAN1 to calculate power allocation.
2 Discussion
In this section, we first review PCMAX definition for asynchronous transmission in TS36.101, then a tentative Pcmax definition for non-reference subframe is proposed for RAN1 to calculate power allocation, and some notices are provided for the new definition, at last, some other definitions are also provided. In below sections, all the italics are from TS36.101 Clause 6.2.5C.
2.1 PCMAX definition in TS36.101
PCMAX,c definition for each CC is reused to guarantee a minimum transmission power when meeting spurious emission and co-existence requirement:
The configured maximum output power PCMAX,c,i  on a serving cell c on cell group i shall be set within the following bounds:

PCMAX_L,c,i ≤  PCMAX,c, i ≤  PCMAX_H,c,i
where PCMAX_L,c,i and PCMAX_H,c,i are PCMAX_L c and PCMAX_H,c, respectively for CG i, defined in subclause 6.2.5.
Configured power definition is usually used to ensure UE transmission power range under limited UE spurious emission to meet co-existence requirement. It mainly verifies the PA performance. For Rel-12 inter-band DC with only one carrier in each band, PCMAX,c is the one which guarantee spurious emission and co-existence because each CC has their own PA.

PCMAX per UE for inter-band CA just used to guarantee the SAR requirement and the principal is the total power per UE (addition of the two PCMAX,c) cannot exceed 23dBm. 
Subframe pair definition:

the subframes in one CG that overlap with subframes in another CG in their respective slot 1 shall be paired together between CGs
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Figure 1 Subframe pair definition
Reference subframe:

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.
Observation 1: Only PCMAX for reference subframe is defined and used per UE. There is no explicit definition for PCMAX in non-reference subframe for the non-leading CG.
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Figure 2 Reference subframe definition
For non-reference subframe as subframe q in SCG in Figure 2, the PCMAX during subframe q should follow the PCMAX in reference subframe p and p+1which are both overlapping with subframe q. If the range of PCMAX in subframe p and subframe p+1 has some overlapping range, PCMAX of subframe q for some good performance UE could find a constant value in the overlapping range in order to allocate the power for subframe q as in Figure 3. But it means this impose stricter RF implementation on UE.
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Figure 3 PCMAX for subframe q when MCG leads
But even if we could find a common value of PCMAX for some UEs, this also block other UEs with not good enough implementation which PCMAX nearly to PCMAX_L. Furthermore, to find a common value UE need to know PCMAX of subframe p+1 which requires higher capability of look-ahead (decode subframe q+1 to obtain PCMAX of subframe p+1).
That means the PCMAX during subframe q could vary in the boundary of reference subframe p and p+1 if PCMAX ranges in reference subframe p and p+1 are different at least for UEs with limited performance.
Observation 2: For good implementation UEs, a common value of PCMAX for subframe q in Figure 3 may be found but UE needs to know PCMAX of subframe p+1 which requires capability of decodeing subframe q+1 to obtain PCMAX of subframe p+1.
Observation 3: PCMAX during subframe q could vary in the boundary of reference subframe p and p+1 if PCMAX ranges in reference subframe p and p+1 are different at least for UEs with limited implementation. 
Furthermore, as in Figure 3, if PCMAX used in power allocation choose the lower limit which is PCMAX_L (p) and PCMAX_L (p+1), it results PCMAX (p+1) is less than PCMAX (p). In this case, PCMAX (p+1) may be less than the ongoing transmission power in SF q, it will result in no power in SF p+1 since ongoing power is not allowed to change in RAN1. When Pcell PRACH is in SF p+1 in this case, the PRACH will be dropped. Transmission of Pcell PRACH may mean out-of-sync in pTAG of MCG, the RRC message may be not valuable until RACH process is finished since RRC connection is only in MCG. 
Observation 4: PCMAX during subframe q varying in the boundary of reference subframe p and p+1 may result in Pcell PRACH dropped if PCMAX(p) larger than PCMAX(p+1).
2.2 PCMAX definition for non-reference subframe
PCMAX definition for the reference subframe for asynchronous transmission in TS36.101 is copied as:
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. 
If we need to define PCMAX for non-reference subframe, to follow the same methodology is a straightforward way. For example, if MCG leads as in Figure 3, PCMAX for non-reference subframe q duration could be:
PCMAX_L   = MIN {PCMAX_L (p,q) , PCMAX_L (p+1,q)}
PCMAX_H  = MAX {PCMAX_H (p,q) , PCMAX_H (p+1,q)}

If SCG leads, for the non-reference subframe p duration in MCG:

PCMAX_L   = MIN {PCMAX_L (p,q) , PCMAX_L (p,q+1)}

PCMAX_H  = MAX {PCMAX_H (p,q) , PCMAX_H (p,q+1)}
Solution 1: PCMAX for non-reference subframe could follow the same methodology for reference subframe.

But in this way, UE will have two PCMAX defined per UE simultaneously which may have different value. Is it reasonable or contradictory? We can understand it through an example. If MCG leads in Table 1, PCMAX of reference subframe p as per TS36.101 is:
22.455dBm ≤  PCMAX  ≤  23dBm

PCMAX of non-reference subframe q as per above proposal is:
21.764dBm ≤  PCMAX  ≤  23dBm
Table 1 An example for PCMAX calculation
	
	PEMAX,c (dBm)
	TC,c (dB)
	MPRc+A-MPRc (dB)
	P-MPRc (dB)
	ΔTIB,c (dB)
	PCMAX_L,c  (dBm)
	PCMAX_H,c (dBm)

	CC1 in MCG in subframe p
	23
	0
	2
	0
	0
	21
	23

	CC1 in MCG in subframe p+1
	23
	0
	6
	0
	0
	17
	23

	CC2 in SCG in subframe q-1
	20
	0
	0
	0
	0
	20
	20

	CC2 in SCG in subframe q
	20
	0
	6
	0
	0
	17
	20
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Figure 4 PCMAX for non-reference subframe in solution 1
From Figure 4, we can see that PCMAX per UE actually exists for each overlapping region no matter how we define it for a whole subframe. The reason we choose minimum value between two subframe pairs as the PCMAX for the entire subframe is that we want to keep a constant PCMAX value within a subframe. Therefore, to define PCMAX for both reference subframe and non-reference subframe will not bring any contradiction. But to be noted, PCMAX for reference subframe and non-reference subframe will not represent the configured power per UE. It is more like a configured power per CG because it is used to allocate power among CGs and decide what power will be allocated to a certain CG. For UE test, it is enough to test only one PCMAX value either for reference subframe or non-reference subframe.
2.3 Notice for the new definition
If we define PCMAX for non-reference subframe as above section, there is one issue which needs to pay more attention as in Figure 5.
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Figure 5 UL processing time for PCMAX of solution 1
In Figure 5, we can find that in order to calculate PCMAX for non-reference subframe, UL processing time is compressed additional 500us compared with that of reference subframe. It means UL processing time for asynchronous dual connectivity is maximum nearly 1ms less than that of legacy CA operation for the worst case subframe timing misalignment between CGs and maximum UL timing advance.
2.4 Other candidate definitions
Another solution could be PCMAX for non-reference subframe is defined as the maximum range of PCMAX range for reference subframe p and p+1. It can be formulated as blow and illustrated in Figure 6.
PCMAX_L (q)  =  MIN {PCMAX_L (p) , PCMAX_L (p+1)}
 PCMAX_H (q)  = MAX {PCMAX_H (p) , PCMAX_H (p+1)}
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Figure 6 PCMAX for non-reference subframe in solution 1

It is also noted that this solution requires higher capability of look-ahead (decode subframe q+1 to obtain PCMAX of subframe p+1).

Solution 2: PCMAX for non-reference subframe could be defined as the maximum range of PCMAX range for reference subframe p and p+1.
If we would not like to further compress the UL processing time maybe we need to try to pursue other possible definitions which are both reasonable and feasible. To avoid further compression on UL processing time, a solution could be to not wait the later subframe in the leading CG. Then based on solution 1, some modification can be made:
1) PCMAX of non-subframe q when MCG leads or non-subframe p when SCG leads is equal to PCMAX (p,q), or
2) Obtain PCMAX of subframe p+1 when MCG leads or subframe q+1 when SCG leads to the possible minimum value of PCMAX (p+1,q) or PCMAX (p,q+1)
But as analyzed in [3], both these methods have some problems, so further discussions among interested companies are needed before make a decision.
Solution 3: PCMAX for non-reference subframe could not wait the later subframe in the leading CG. But detailed solution is FFS.

3 Conclusion
Based on above discussion, some observations and solutions are given as below. As what we discussed, these may either result in stricter RF implementation (observation 2) or higher requirement to cope with even stricter processing time (observation 2, solution 1 and solution 2).
Observation 1: Only PCMAX for reference subframe is defined and used per UE. There is no explicit definition for PCMAX in non-reference subframe for the non-leading CG.

Observation 2: For good implementation UEs, a common value of PCMAX for subframe q in Figure 3 may be found but UE needs to know PCMAX of subframe p+1 which requires capability of decodeing subframe q+1 to obtain PCMAX of subframe p+1.
Observation 3: PCMAX during subframe q could vary in the boundary of reference subframe p and p+1 if PCMAX ranges in reference subframe p and p+1 are different at least for UEs with limited implementation. 
Observation 4: PCMAX during subframe q varying in the boundary of reference subframe p and p+1 may result in Pcell PRACH dropped if PCMAX(p) larger than PCMAX(p+1).
Solution 1: PCMAX for non-reference subframe could follow the same methodology for reference subframe.

Solution 2: PCMAX for non-reference subframe could be defined as the maximum range of PCMAX range for reference subframe p and p+1.
Solution 3: PCMAX for non-reference subframe could not wait the later subframe in the leading CG. But detailed solution is FFS.
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