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1 Introduction
In [1], it has been argued that, one of the prime differences between synchronized and unsynchronized operation of dual connectivity is handling power control in dual connectivity. In case of unsynchronized case, there are potential overlaps between neighbouring subframes, thus different PCMAX need to be defined for different parts of subframes for unsynchronized case. This means that, different definitions of PCMAX are required compared to synchronized operation. 
In this contribution, we describe our understanding on PCMAX definitions for dual connectivity.  

2 PCMAX for Synchronized dual connectivity
The following has been agreed in [2] regarding synchronized dual connectivity:
1. The legacy maximum configured power Pcmax,c for each Dual Connectivity configured and activated  cell has to be maintained .
2. For Rel-12 timeframe only one uplink serving cell per cell group can be envisioned, thus Pcmax,c with its legacy definition it’s sufficient for determination of the UE maximum configured power per Cell Group .
3. For Dual Connectivity synchronized scenario adopt the Pcmax related requirement from Rel-12 LTE CA inter-band with multiple TAGs with the editorial changes adapting  it to DC terminology.
3 PCMAX for unsynchronized dual connectivity
In our opinion, In Rel-12 existing UE RF requirements for CA configuration with 2UL for a particular band combination shall apply to a UE which is dual connectivity capable for that CA configuration except for PCMAX definition for unsynchronized dual connectivity. Thus, in this section, we discuss the PCMAX definitions for unsynchronized dual connectivity. 
3.1 Subframe pairs and reference subframe
Since we have the following assumptions in dual connectivity:

1. The SFN alignment may not be possible between MCG and SCG

2. There may be a maximum of 500µs of maximum receive timing difference between signals in subframe level from MeNB and SeNB.
As seen from the Figure 1, there are mainly three possibilities of subframe boundary mismatch between received signals from MCG and SCG at the UE, i.e. 
(1) when the mismatch is less than 500µs (by extension, synchronized case is included here), 
(2) (2) when the mismatch is more than 500µs (when we look at the beginning of the subframes in temporal domain), and 
(3) (3) when the mismatch is exactly 500µs (this is truly a theoretical case, with very little probability, in the order of 0.2%).  
To define the PCMAX for dual connectivity, we need to identify the two subframes on MCG and SCG that would be compared together.  
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(a) Subframe timing mismatch between ith and jth subframe by less than 500µs [image: image2.emf]Slot 1 Slot 2

Slot 1 Slot 2

Subframe i

Slot 1 Slot 2 Slot 1

Subframe j

MCG

Slot 2

Subframe j-1

Subframe i+1


(b) Subframe timing mismatch between ith and jth subframe by more than 500µs
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(c) Subframe timing mismatch between ith and jth subframe by exactly by one slot (i.e. 500µs)
Figure 1 Different levels of subframe timing mismatch between subframes in MCG and SCG respectively
Based on the above illustrations, it could be challenging to find the subframe pairs that should be considered for PCMAX definition. The subframe pairs include two reference subframes in MCG and SCG which should be considered together for the purpose of defining the PCMAX. In case of Figure 1(a), subframe i in MCG and subframe j in SCG constitutes the subframe pair. Similarly, subframe i in MCG and subframe j-1 in SCG constitutes the subframe pair in Figure 1(b). To constitute a subframe pair, a UE considers the subframes in MCG and SCG whose slot1 overlaps on each other. In this way, always the beginnings of the subframes are considered for constituting the subframe pair.
Based on these discussions, the PCMAX is derived based on the following main principles:

1. The subframes in one CG that overlap with subframes in another CG in their respective slot 1 should be paired together between CGs.

2. 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. This is explained with an example below:
a. If subframe p and subframe q are the subframe pairs between MCG and SCG respectively, then 

I. if MCG leads, subframe p in MCG and subframes q-1 and q in SCG are considered for PCMAX definition i.e. for deriving the value of PCMAX.
II. if SCG leads, subframes p and p-1 in MCG and subframe q in SCG are considered for PCMAX definition i.e. for deriving the value of PCMAX.
3.2 PCMAX definition
For unsynchronized dual connectivity, following subframes are considered:

	CG
	MCG leads
	SCG leads

	MCG
	p
	p-1,p

	SCG
	q-1,q
	q

	Reference subframe
	p
	q


Table 1 Subframe number in the subframe pair and the reference subframe for PCMAX definition

Table 1 briefly summarizes the subframe pairs for the examples shown in Figure 3 (a) and (b). In the first case (i.e. MCG leads), pth subframe in MCG is the reference subframe, while in the second case (i.e. SCG leads), qth subframe in SCG is the reference subframe. The reference subframe is the subframe where the calculated per UE PCMAX is applied.

The total configured maximum output power PCMAX shall be set within the following bounds:
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Here, the above mentioned PCMAX is applied to the reference subframes, i.e. to the pth and qth subframes when MCG leads and SCG leads respectively. PCMAX_L,a(b) and PCMAX_H,a(b) are the PCMAX,c lower and higher limit respectively for CG a on subframe b.

PCMAX_L,a(b) is defined as:
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where 
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 and the other parameters in the above equation is defined for serving cell c in CG a for subframe b.
Similarly, PCMAX_H,a(b) is defined as:
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Once the PCMAX is defined, then the measured configured maximum output power, Pumax can be defined per UE for the reference subframe. 
4 Draft CR: 36.101, Section 6.2.5C
We propose the following for 36.101, Section 6.2.5C. These texts are largely adopted from [3].
-------------------------------<< Start of changes>>-----------------------------------------
6.2.5C 

Configured transmitted power for dual connectivity
For dual connectivity with one uplink carrier per cell group the UE is allowed to set its configured maximum output power PCMAX,c,x and PCMAX,c,y on each serving cells of groups x respectively y, and its total configured maximum output power PCMAX .

The total configured maximum output power PCMAX shall be set within the following bounds:
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When synchronized transmissions occur between cell groups uplink serving cells, PCMAX_L and PCMAX_H, respectively, are defined in subclause 6.2.5A for carrier aggregation inter-band case.

If the UE is configured in Dual Connectivity in a synchronized scenario and transmissions of the UE on subframe p for any serving cell in one cell group overlap some portion of the first symbol of the transmission on subframe q +1 for a different serving cell in another cell group (where subframe p and subframe q are the subframe pairs between MCG and SCG respectively), the UE minimum of PCMAX_L for 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 subframes in one CG that overlap with subframes in another CG in their respective slot 1 should be paired together between CGs. 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 pairs between MCG and SCG respectively, then 

1. if MCG leads, subframe p in MCG and subframes q-1 and q in SCG are considered for PCMAX definition i.e. for deriving the value of PCMAX.

2. if SCG leads, subframes p and p-1 in MCG and subframe q in SCG are considered for PCMAX definition i.e. for deriving the value of PCMAX.

When unsynchronized overlapping transmissions occur between two cell groups uplink serving cells, and a reference subframe p from cell group x is overlapping with 2 contiguous subframes q-1 and q on cell group y (or a reference subframe q from cell group y is overlapping with 2 contiguous subframes p-1 and p on cell group x), then the above PCMAX_L   and PCMAX_H  for the reference subframe p (or reference subframe q) duration are defined as follows:
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PCMAX_L,x(P) and PCMAX_H,x(P) , PCMAX_L,y(P) and PCMAX_H,y(P) are PCMAX_L c and PCMAX_H,c, respectively for CG x and CG y, defined below:
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 and the other parameters in the above equation is defined for serving cell c in CG a for subframe b.
The UE measured maximum output power PUMAX, i over all uplink serving cells of a cell group i is defined in subclause 6.2.5 if a single uplink cell is active.

The UE total measured maximum output power PUMAX for a reference subframe p (or reference subframe q) duration over all serving cells of both defined cell groups is defined as follows:



PUMAX =  ∑ PUMAX, i  


PCMAX_L  –  TLOW (PCMAX_L )  ≤  PUMAX  ≤  PCMAX_H + THIGH (PCMAX_H )

Table 1: PCMAX tolerance for 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]


-------------------------<< End of changes>>-----------------------------
5 Summary and Conclusion 
The following is proposed regarding the accuracy of the SFN offset:
Proposal: Accept the above mentioned text to 36.101
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