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1. Introduction

Dual Connectivity power control discussion is still ongoing in RAN1. However a majority of companies agreed that Pcmax definition is in the RAN4 responsibility, while RAN1 will define the scaling rules.
The purpose of this contribution is to discuss the Pcmax definition for subclause 6.2.5C in the context of Dual Connectivity and propose a way to specify it.
2. Discussion

2.1 Dual Connectivity concept versus LTE CA

Dual Connectivity (DC) implies two UE uplinks with two different eNBs namely MeNB and SeNB and most likely over two different bands. For each eNB a cell group (CG) is defined. 
In LTE CA all the cells belong to a single eNB and we had a single scheduler dealing with the UE, thus a centralized power control has been put in place over the entire aggregated cells for both intra-band and inter-band cases. In Dual Connectivity case, there are 2 independent power control entities that the UE has to deal with MeNB and SeNB respectively and thus the UE has to determine its maximum configured output powers for each  cell group  in all cases, synchronized or unsynchronized.

Also, the UE must comply with the coexistence requirements per configured cell (Pemax,c, MPR, NS values) under all circumstances. Thus Pcmax,c has to be defined for each configured and activated cell under dual connectivity configuration following legacy rules.
Proposal 1: The legacy maximum configured power Pcmax,c for each Dual Connectivity configured and activated  cell has to be maintained .
2.2 Dual Connectivity deployment scenarios
As first deployment criteria, Dual Connectivity is mainly an inter-band deployment scenario and thus we will concentrate our discussion on inter-band case. 
In Release12 timeframe we will have only 1 UL serving cell per cell group. Thus the Pcmax,c will be enough to be able define the configured power per cell group and consequently per UE.
Proposal 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 .

Secondly, in terms of synchronization, the agreed deployment scenarios according to [1] considered two options between cell groups:

1. Synchronized eNBs with a maximum time difference of 33us.

2. Unsynchronized eNBs with a maximum time difference of 500us.

In the next paragraphs we will explain our understanding on the Pcmax definition for dual connectivity followed by a TP showing a possible way to specify it.
2.3 Pcmax per UE for Dual Connectivity for Rel-12 timeframe
Since all serving cells contained in a cell group are considered part of the same TAG (timing advance group), we believe that the Pcmax rule adopted for the multiple TAGs under LTE CA inter-band with 2 ULs can be applied in the synchronized case with a few editorial changes related to the new terminology and subframes numbering in different cell groups.

Proposal 3: For the Dual Connectivity synchronized scenario adopt the Pcmax related requirement principle from Rel-12 LTE CA inter-band with multiple TAGs.

For the unsynchronized scenario the similar approach can be used, however there is a clear difference due to the wide overlapping range between subframes from different cell groups.

When overlapping UL transmissions between unsynchronized cells groups occur, we need to know the Pcmax per UE and define the limits Pcmax_L and Pcmax_H in order to have a complete requirement.
For Pcmax definition in a subframe n, the UE needs to know the following information for Pcmax,c:  the  MCS and RB allocation, frequency hopping information, and if  there are any SRS transmissions. All this information is already available after DCI decoding from subframe n-4. Thus the UE knows what Pcmax,c would be in subframe n. Similarly for subframe k and k+1 in the other eNB connection the above information is available.
If we look at the figure below we can see for instance that subframe n overlaps with subframes k and k+1and for Pcmax definition per UE we need to consider a window in order to have the Pcmax per UE limits properly defined.
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Thus we need to consider both subframes combinations (n, k) and (n, k+1) and define two different limits:
Pcmax_L (n, k)   ≤   Pcmax (n, k)   ≤   Pcmax_H (n, k)
Pcmax_L (n, k+1)   ≤   Pcmax (n, k+1)   ≤  Pcmax_H (n, k+1)

After having these limits we can see that we can eventually define the Pcmax per UE upper and lower bounds for a reference suframe n duration as:
Pcmax_L ≤ Pcmax ≤  Pcmax_H

Where:
Pcmax_H = MIN { PCMAX_ H,c,i (n) + MAX [PCMAX_ H,c,j ( k) , PCMAX_ H,c,j ( k+1 )], PpowerClass}

Pcmax_L = MIN { PCMAX_ L,c, i (n) + MIN [PCMAX_ L,c, j (k) , PCMAX_ L,c,j ( k+1 )], PpowerClass}
Where:

PCMAX_ H,c,,i (n) – is the Pcmax,c higher limit per CG i in subframe n
PCMAX_ H,c,j (k) – is the Pcmax,c higher limit per CG j in subframe k
PCMAX_ H,c,j (k+1) – is the Pcmax,c higher limit per CG j in subframe k+1
PCMAX_ L,c,i (n) – is the Pcmax,c lower limit per e CG i in subframe n
PCMAX_ L,c,j (k) – is the Pcmax,c lower limit per CG j in subframe k
PCMAX_ L,c,j (k+1) – is the Pcmax,c lower limit per CG j in subframe k+1
It can be concluded that all the values are contained in the above range that is obviously capped by PpowerClass.

In this way we can define the measured UE total configured power Pumax for a reference subframe n.

Having defined these limits per UE would allow having a Pumax per UE for a reference subframe n.

Proposal 4: Define a Pumax per UE during a reference subframe n for Dual Connectivity.
2.4 Dual Connectivity Pcmax definition TP for subclause 6.2.5C
Finally we are showing a text proposal using only the legacy parameters.
Proposal 5: Agree on 6.2.5C subclause TP for Dual Connectivity. 
======================= Start 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,i and PCMAX,c,j on each serving cells of groups i respectively j, and its total configured maximum output power PCMAX .

The configured maximum output power PCMAX,c,i  and PCMAX,c,j on a serving cell c on cell group , i respectively j shall be set within the following bounds:

PCMAX_L,c,i ≤  PCMAX,c, i ≤  PCMAX_H,c,i

PCMAX_L,c,j ≤  PCMAX,c, j ≤  PCMAX_H,c,j

Where PCMAX_L,c,i and PCMAX_H,c,i , PCMAX_L,c,j and PCMAX_H,c,j are PCMAX_L c and PCMAX_H,c, respectively, defined in subclause 6.2.5.

The total UE configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H

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 n for any serving cell in one cell group overlap some portion of the first symbol of the transmission on subframe k +1 for a different serving cell in another cell group, the UE minimum of PCMAX_L for subframes pairs (n, k) and (n +1, k +1) respectively applies for any overlapping portion of subframes (n, k) and (n +1, k +1). PPowerClass shall not be exceeded by the UE during any period of time.

When unsynchronized overlapping transmissions occur between two cell groups uplink serving cells, and a reference subframe n from cell group i is overlapping with 2 contiguous subframes k and k +1 on cell group j then the above PCMAX_L   and PCMAX_H  for the reference subframe n duration are defined as follows:

PCMAX_L   = MIN{PPowerClass , PCMAX_ L,c,i (n) + MIN[ PCMAX_ L,c,j (k), PCMAX_ L,c,j (k+1)]}

PCMAX_H   = MIN{PPowerClass , PCMAX_ H,c,i (n) + MAX[ PCMAX_ H,c, j (k), PCMAX_ H,c, j (k+1)]}

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 n 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 Changes ========================
3. Conclusion 

In this contribution we discussed the Pcmax definition for Dual Connectivity subclause 6.2.5C for the Rel-12 timeframe and proposed a way of defining Pcmax. If our TP is agreeable then we prepared a draft category B CR for the introduction of the subclause 6.2.5C in 36.101 Rel-12.
Proposals:
Proposal 1: The legacy maximum configured power Pcmax,c for each Dual Connectivity configured and activated  cell has to be maintained .
Proposal 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 .

Proposal 3: For the Dual Connectivity synchronized scenario adopt the Pcmax related requirement principle from Rel-12 LTE CA inter-band with multiple TAGs.

Proposal 4: Define a Pumax per UE during a reference subframe n for Dual Connectivity.

Proposal 5: Agree on 6.2.5C subclause TP for Dual Connectivity. 
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