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1 Introduction
An LS on PDCCH decoding assumption in Pcmax definition was sent by RAN1 [1]. The question raised by RAN1 is:
RAN1 would like to ask whether it is assumed by RAN4 that UE has decoded (E)PDCCH in subframe q when the UE derives the Pcmax of subframe p in case 1, and UE has decoded (E)PDCCH in subframe p when the UE derives the Pcmax of subframe q in case 2.

In this contribution, it is clarified on PDCCH decoding assumption based on Pcmax defined in TS36.101 [2].
2 Discussion
2.1 Basic definition
RAN4 did not have sufficient discussion and agreement on PDCCH decoding assumption issue when RAN4 defined PCMAX for dual connectivity. But according to PCMAX definition in RAN4 specification, PCMAX for reference subframe p in leading CG should be decided by PCMAX (p,q) and PCMAX (p,q-1) where subframe q is behind subframe p in time. Therefore, PCMAX definition assumes UE has decoded (E)PDCCH in subframe q when the UE derives the Pcmax of subframe p in case 1. More detailed explanation on PCMAX for DC is discussed in this contribution. In below section, all the italics are from TS36.101 Clause 6.2.5C.
PCMAX,c definition for each CG is reused:
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.

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.
Note: Only PCMAX in reference subframe is defined. 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
2.2 PCMAX for synchronous transmission
If the UE is configured in Dual Connectivity and synchronous 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.
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Figure 3 PCMAX for synchronous transmission
If PCMAX_L in subframe pair (p+1, q +1) is lower, then the PCMAX_L in the last symbol of subframe p of MCG will change from PCMAX_L(p, q) to PCMAX_L (p+1, q +1). If PCMAX_L in subframe pair (p+1, q +1) is higher, then the PCMAX_L in the last symbol of subframe p of MCG will not change. 
In addition, if the PCMAX of the whole subframe p is calculated only once, e.g. only at the end of the subframe p-4 (four subframes in advance to p), the (E)PDCCH of subframe q+1 should be demoded also at the same time, e.g. at the end of the subframe p-4, which lead the subframe q-3 (four subframes in advance to q-1). That means UE has decoded (E)PDCCH in subframe p+1 and q+1 when the UE derives the PCMAX of subframe p in the case in Figure 3
2.3 PCMAX for asynchronous transmission
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. 
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Figure 4 PCMAX for asynchronous transmission when MCG leads
In the case that MCG leads, PCMAX for reference subframe p in Figure 4 should be decided by PCMAX (p,q) and PCMAX (p,q-1) where subframe q is behind subframe p in time. That also means UE has decoded (E)PDCCH in subframe q when the UE derives the PCMAX of subframe p in case 1.
If UE has not decoded (E)PDCCH in subframe q when the UE derives the PCMAX of subframe p in case 1, PCMAX for reference subframe p in Figure 4 is not available. It may be decided only by PCMAX (p,q-1) and it will cause trouble.
For example, in the below case in Table 1, if UE has decoded (E) PDCCH in subframe q, PCMAX of subframe p is:
22.455dBm ≤  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

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

	inter-band DC
	
	
	
	
	
	PCMAX_L (dBm)
	PCMAX_H (dBm)

	
	
	
	
	
	
	23
	23

	
	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

	CC2 in SCG in subframe q
	20
	0
	6
	0
	0
	17
	20

	inter-band DC
	
	
	
	
	
	PCMAX_L (dBm)
	PCMAX_H (dBm)

	
	
	
	
	
	
	22.4554046
	23


But if UE has not decoded (E)PDCCH in subframe q and 
1) PCMAX of subframe p is equal to PCMAX (p,q-1),
23dBm ≤  PCMAX  ≤  23dBm

It indicates that PCMAX_L,c for CC1 in MCG in subframe p or CC2 in SCG in subframe q should raise power to make sure the PCMAX_L no less than 23dBm. But raising the PCMAX_L,c for any CC may cause extra spurious emissions to fail the test. It depends on the UE capability whether the UE can pass the test. 
2) PCMAX of subframe p is set according to the possible minimum value of PCMAX (p,q), for example, the maximum MPR+A-MPR value for all RB allocation cases for CC2 is 14dB, then
Table 1 One possibility 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

	Possible minimum PCMAX_L,c for CC2
	20
	0
	14
	0
	0
	9
	20

	inter-band DC
	
	
	
	
	
	PCMAX_L (dBm)
	PCMAX_H (dBm)

	
	
	
	
	
	
	21.2657238
	23


21.266dBm ≤  PCMAX  ≤  23dBm

It indicates that PCMAX_L set to a lower value. That means a lower power will be allocated between MCG and SCG, in the above example, from 22.455dBm (176mW) to 21.266dBm (134mW) with nearly 24% power loss, that may degrade the performance of the CGs.
If these troubles could be ignored for UE that can not decode (E) PDCCH of subframe q when calculating Pcmax of subframe q , then PCMAX definition can be clarified for the case UE has not decoded (E)PDCCH in subframe q in TS 36.101 before we sent this to RAN1.
3 Conclusion
Based on above discussion, according to PCMAX definition in RAN4 specification, PCMAX for reference subframe p in leading CG should be decided by PCMAX (p,q) and PCMAX (p,q-1) where subframe q is behind subframe p in time. It means PCMAX definition assumes UE has decoded (E)PDCCH in subframe q when the UE derives the Pcmax of subframe p in case 1. RAN4 has not explicitly discussed the case where UE has not decoded (E) PDCCH of subframe q when calculating Pcmax of subframe q.
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