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1 Background

In this contribution we reiterate the solution proposed in [1] of the problem of the inconsistent definition of uplink power allocation for DC in 36.101 and 36.213 and make some further deliberations. 
The problem is that for the uplink power allocation for DC in 36.213, the use of Pcmax, the configured total power across a pair of subframes of different CGs, is not consistent with the Pcmax as described in 36.101. This has been addressed in other contributions, e.g. [2] that also contain references to other contributions in the area, but the inconsistency still remains; it is assumed in 36.213 that the Pcmax is the sum of the powers of entire subframes of cells of different CGc even if these are not synchronized, while the definition of 36.101 only considers the total power in a reference subframe of the CG leading in time. The latter implies that for the calculation of the Pcmax, the total configured power can change in the middle of the overlapping subframe of the other CG, which is inconsistent with the assumed behavior in 36.213.  A change of the uplink power allocation specified in 36.213 was proposed in [3]. We propose instead that the description of the calculation of Pcmax in 36.101 is made consistent with the current version of 36.213, while the measurement of Pcmax for the requirement on the total output power can be evaluated during a reference subframe as specified for Pcmax in the current version of 36.101.
2 Discussion
For both DC power control mode 1 and mode 2, it is assumed in 36.213 that Pcmax is calculated across two complete subframes, whereas the calculation of Pcmax should be carried out across one of the subframes (the reference) of the subframe pair according to 36.101. We recall that when DC power control mode 1 is indicated, the uplink power remaining after the allocation of the guaranteed power to each CG is shared between the CG based on a priority order based on the UCI transmission. The Pcmax is total configured power across a pair of overlapping subframes (i1,i2) of CGs of which any one can lead in time. When DC power control mode 2 is indicated, on the other hand, the uplink power remaining after the allocation of the guaranteed power to each CG is allocated the CG leading in time. Then the Pcmax is the total configured power across a pair of overlapping subframes (i1,i2-1) of which i2-1 leads in time. 
Unless the power allocation behavior is modified in 36.213, the calculation of the total configured power PCMAX(p,q) for a subframe p in CG 1 and a subframe  q in CG 2 that overlap in time must be the sum of the configured power of the entire subframes p and q, regardless of which leads in time, and cannot be determined by the reference subframe only. Moreover, according to 36.101, the UE is allowed to configure the power such that PCMAX_L,c is constant throughout an entire subframe of each serving cell c of a CG even if the RB allocation changes at the slot boundary; it is not expected that the uplink power is adjusted within a subframe transmitted in a constituent band of a CG.
But the measured total configured power PUMAX for asynchronous operation can be as specified like Pcmax in the current version of 36.101 and be evaluated for the duration of the reference subframe of the leading CG. Changes of the total measured power within the reference subframe of the leading CG must then be accepted as the power backoff can change following e.g. a RB change at the boundary of the overlapping subframe of the other CG. Moreover, one must account for possible power adjustments for keeping the total power less than Ppowerclass. The latter power adjustment is not specified for DC (neither is it for CA). This also means that look-ahead may still be needed even if the Pcmax itself is calculated across entire subframes of asynchronous CGs. 
The lower limit of the total configured power PUMAX thus evaluated allows A-MPR adjustments at subframe boundaries of each CG. The upper limit of the total configured power PUMAX is not dependent on subframe timing; it is determined by semi-static parameters and the power class, the power of which is not allowed to be exceeded at any point in time. 
Following the above, the measurement of the configured power PUMAX would be as shown in Figure 1 for the case in which subframe p is leading; the limits include the tolerances that are functions of the MIN/MAX {PCMAX_L(p,q) , PCMAX_L(p,q-1)} for the lower/upper limit (see the specification text below for more details). Note that a power change may occur within the reference subframe p of the leading CG, but the lower limit is nevertheless constant throughout the subframe duration. The evaluation of the total power for the duration of a reference subframe of the leading CG allows the configuration of constant transmitter powers in the overlapping subframes p and q; the power in each CG is possibly scaled to keep the total power below Ppowerclass. 
Alternatively, the power of each CG could be measured separately regardless of synchronous or asynchronous operation. However, it must be verified that the maximum total power is not exceeded at any point in time and the power allocation for the two CGs depends on the power control mode indicated, which justifies a simultaneous power measurement across all CGs.
One other possibility would be to evaluate the PUMAX for a duration shorter than a subframe avoiding any subframe boundary. Aside from the complexity of this procedure, the measurement period would be less than 1 ms, which is not in accordance with the standard Pcmax test procedure in 36.521-1:

The period of measurement shall be at least continuous duration of one sub-frame (1ms). For TDD slots with transient periods are not under test.
Handling of the TDD transient periods for DC of TDD bands would have to be considered for our proposed solution. 
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Figure 1: measurement of PUMAX for DC.
3 Changes in the 36.101
The calculation of PCMAX(p,q) for a sub-frame p in CG 1 and a sub-frame  q in CG 2 that overlap in time should be carried out just as for inter-band CA regardless of operational mode. The measurement of this, the PUMAX, can be carried out like for PCMAX in the existing version of 36.101. Furthermore, the statement that the “UE measured configured maximum output power PUMAX,c,i  of the uplink serving cell c of a CG i is defined in subclause 6.2.5” should be removed; this may be in conflict with the requirement on the total power e.g. in case power adjustments need to be made on one of the CGs for keeping the total power below Ppowerclass. The necessary changes:
6.2.5C
Configured transmitted power for Dual Connectivity

For inter-band dual connectivity with one uplink serving cell per CG, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving c(i) cell of CG i, i = 1,2, and its total configured maximum output power PCMAX .

The configured maximum output power PCMAX,c(i),i (p) in subframe p of  serving cell c(i) of cell group i shall be set within the following bounds:
PCMAX_L,c(i),i (p) ≤  PCMAX,c(i), i (p) ≤  PCMAX_H,c(i),i (p)

where PCMAX_L,c(i),i (p) = PCMAX_L c(i) and PCMAX_H,c(i),i (p) = PCMAX_H,c(i), where PCMAX_L,c(i) and PCMAX_H,c(i) are the limits for serving cell c(i) as specified in subclause 6.2.5A for inter-band carrier aggregation.
< a reference must also be made to 6.2.5A: the A-MPR for a serving cell is different for inter-band and intra-band CA as specified in 6.2.5A >

The total UE configured maximum output power PCMAX (p,q) in a subframe p of CG 1 [or MCG] and a subframe q of CG 2 [or SCG] that overlap in time shall be set within the following bounds unless stated otherwise:

PCMAX_L (p,q)  ≤  PCMAX (p,q)   ≤  PCMAX_H (p,q)
< same for both synchronous and asynchronous operation >
with
PCMAX_H (p,q) = MIN {10 log10 [pCMAX_L,c(1),1 (p) + pCMAX_L,c(2),2 (q)], PPowerClass}
PCMAX_H (p,q) = MIN {10 log10 [pCMAX_H,c(1),1 (p) + pCMAX_H,c(2),2 (q)], PPowerClass}
where pCMAX_L,c(i),i is pCMAX_H,c(i),i are the respective limits PCMAX_L,c(i),i (p) and PCMAX_H,c(i),i (p) expressed in linear scale. PPowerClass shall not be exceeded by the UE during any period of time.
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. 

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.
The measured total maximum output power PUMAX over both CGs is
PUMAX = 10 log10 [pUMAX,c(1),1 (p) + pUMAX,c(2),2 (q)],
where pUMAX,c(i),i (p) denotes the measured output power in subframe p of serving cell c(i) of cell group i expressed in linear scale. 
If the UE is configured in Dual Connectivity and synchronous transmissions

PCMAX_L(p, q)   –  TLOW (PCMAX_L(p, q))  ≤  PUMAX  ≤  PCMAX_H(p, q)  + THIGH (PCMAX_H(p, q))

with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2.5C-1. 
If the UE is configured in Dual Connectivity and asynchronous transmissions, the measurement of PUMAX  is defined for the duration of a reference subframe taken as the subframe p or q of the CG 1 [or MCG] and CG 2 [or SCG] that leads in time. Then

P’CMAX_L   –  TLOW (P’CMAX_L)  ≤  PUMAX  ≤  P’CMAX_H + THIGH (P’CMAX_H),

with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2.5C-1. For the reference subframe p duration (when CG 1 leads),
P’CMAX_L   = MIN {PCMAX_L(p,q) , PCMAX_L(p,q-1)}

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

while for the reference subframe q duration (when CG 2 leads):

P’CMAX_L   = MIN {PCMAX_L   (p-1,q) , PCMAX_L(p,q)}

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










where PCMAX_L   and PCMAX_H for each of the overlapping pairs of subframes (p,q) , (p,q-1), (p-1,q) are given by the limits specified in subclause 6.2.5A for inter-band carrier aggregation. 






Table 6.2.5C-1: PCMAX tolerance for inter-band Dual Connectivity

	PCMAX(dBm)
	Tolerance 
TLOW(PCMAX_L  )(dB)
	Tolerance 
THIGH ( PCMAX_H )(dB)

	PCMAX = 23
	3.0
	2.0

	22 ≤PCMAX,< 23
	5.0
	2.0

	21 ≤ PCMAX< 22
	5.0
	3.0

	20 ≤ PCMAX, < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAX, < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0


6.2.5D
Configured transmitted power for ProSe

The subscript c(i) above refers to the cell index of a serving cell of CG i. 
4 Proposal

It is proposed that

1. the calculation of PCMAX(p,q) for a sub-frame p in CG 1 and a sub-frame  q in CG 2 that overlap in time be carried out just as for inter-band CA regardless of operational mode,

2. the measurement of PCMAX(p,q) with tolerances, denoted PUMAX, be carried out according the PCMAX(p,q) in the existing version of 36.101.
A CR to 36.101 is supplied in [4].
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