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1. Introduction
In the previous meetings, each WG has discussed to introduce Dual connectivity into Rel-12 time-frame. In the RAN4#70bis meeting, it was agreed to define a new clause for PCMAX for Dual connectivity [1]. In this contribution, we propose how to define PCMAX in TS 36.101 based on the RAN1 agreement.
2. PCMAX definition for Dual connectivity
In Dual connectivity, a non-ideal backhaul is assumed between the master eNB (MeNB) and secondary eNB (SeNB). Therefore, it is straightforward to perform transmit power control independently between the master cell group (MCG) belonging to the MeNB and a secondary cell group (SCG) belonging to a SeNB. However, due to independent power control between the MCG and SCG, power-limited case may more likely be happen compared to the existing uplink carrier aggregation, in which all the serving cells are managed by a single eNB.
RAN1 has discussed power-control mechanisms for Dual connectivity. RAN1 is likely to conclude to apply Dynamic power-sharing for Dual connectivity regardless of synchronized and unsynchronized scenarios based on the discussion in RAN1#77 [2] and the email discussion [3]. Dynamic power-sharing is a power-control mechanism that PCMAX is shared by MeNB and SeNB dynamically. It should be noted that if we define the PCMAX for Dual connectivity as same as that of UL inter-band CA, we can share the transmit power most efficiently. Because, in that case guaranteed power for each eNB is set at the higher layer, whereas power-limited for each eNB is not configured. The only difference between UL inter-band CA and Dual connectivity would be the transmission timing difference between neighboring subframes from UE perspective.
Observation 1: Based on the RAN1 agreement, the power-control mechanism for Dual connectivity is identical to that of UL inter-band CA except for the transmission timing difference between neighboring subframes from UE perspective.
In this clause, we discuss how to treat the transmission timing difference between neighboring subframes with respect to each scenario.

2.1 PCMAX for unsynchronized Dual connectivity
Firstly, we discuss how to define PCMAX for unsynchronized Dual connectivity. Based on the agreement of RAN4 RRM [4], unsynchronized scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 500µs. In this case, we have overlap portion between subframes and different SFN for MeNB and SeNB respectively as shown in Figure 1.
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Figure 1. Configured transmitted power for Dual connectivity
If we take a look at the current PCMAX for UL inter-band CA, the requirement for overlap portion is defined as the following.

If the UE is configured with multiple TAGs and transmissions of the UE on subframe i for any serving cell in one TAG overlap some portion of the first symbol of the transmission on subframe i +1 for a different serving cell in another TAG, the UE minimum of PCMAX_L for subframes i and i + 1 applies for any overlapping portion of subframes i and i + 1. PPowerClass shall not be exceeded by the UE during any period of time.
In the RAN4#71 meeting, it was proposed to introduce two PCMAX definitions for Dual connectivity with respect to each scenario [5]. Our understanding is, however, that it would be better to follow the current PCMAX for UL inter-band CA without major modification from consistency perspective. Thus, we propose the following description for unsynchronized Dual connectivity.

If transmissions of the UE on subframes i for any serving cell in one eNB overlap some portion of the first symbol of the transmission on subframe j+1 for a different serving cell in another eNB within 500us, the UE minimum of PCMAX_L for the sum of subframes i, j and the sum of subframe i + 1, j+1 apply for any overlapping portion of subframes i and j+1. PPowerClass shall not be exceeded by the UE during any period of time. Where i and j are the SFNs belonging to MeNB and SeNB respectively.
Observation 2: The PCMAX for unsynchronized Dual connectivity can be defined by modifying the current PCMAX for UL inter-band CA.
2.2 PCMAX for synchronized Dual connectivity
Secondly, we discuss the PCMAX for synchronized Dual connectivity. Based on the agreement of RAN4 RRM [4], synchronized scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 33µs. Our understanding is that since the synchronized case has smaller timing difference than unsynchronized case, the PCMAX for unsynchronized Dual connectivity proposed in the clause 2.1 can be also applied to synchronized case.

Observation 3: The PCMAX for unsynchronized Dual connectivity proposed in the clause 2.1 can be also applied to synchronized case.
3. How to capture PCMAX for Dual connectivity in TS 36.101
Based on three observations discussed in Section 2, we propose to define the PCMAX for Dual connectivity for both synchronized and unsynchronized cases.
Proposal: PCMAX for both synchronized and asynchronous Dual connectivity is defined as the following.

--------------------<Start of the change>----------------------------

6.2.5C
Configured transmitted power for DC

For Dual connectivity the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power PCMAX,c on serving cell c shall be set as specified in subclause 6.2.5.
For Dual connectivity, MPRc and A-MPRc apply per serving cell c and are specified in subclause 6.2.3 and subclause 6.2.4, respectively. P-MPR c accounts for power management for serving cell c. PCMAX,c is calculated under the assumption that the transmit power is increased independently on all component carriers.
The total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
For Dual connectivity with one serving cell c per operating band, 


PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) , pPowerClass/pmprc], PPowerClass}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];

-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1; pPowerClass is the linear value of PPowerClass;

-
mpr c and a-mpr c are the linear values of MPR c and A-MPR c as specified in subclause 6.2.3 and subclause 6.2.4, respectively; 
-
pmprc is the linear value of P-MPR c; 
-
tC,c is the linear value of TC,ctC,c = 1.41 when Note 2 in Table 6.2.2-1 applies for a serving cell c, otherwise tC,c = 1;
-
tIB,c  is the linear value of the inter-band relaxation term TIB,c of the serving cell c as specified in Table 6.2.5-2; otherwise tIB,c.

For each subframe, the PCMAX_L is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_L over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.

If transmissions of the UE on subframes i for any serving cell in one eNB overlap some portion of the first symbol of the transmission on subframe j+1 for a different serving cell in another eNB within 500us, the UE minimum of PCMAX_L for the sum of subframes i, j and the sum of subframe i + 1, j+1 apply for any overlapping portion of subframes i and j+1. PPowerClass shall not be exceeded by the UE during any period of time. Where i and j are the SFNs belonging to MeNB and SeNB respectively.
The measured maximum output power PUMAX over all serving cells shall be within the following range:


PCMAX_L  –  T(PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H  +  T(PCMAX_H) 


PUMAX = 10 log10 ∑ pUMAX,c  
where pUMAX,c denotes the measured maximum output power for serving cell c expressed in linear scale. 

The tolerance T(PCMAX) is defined by the table below and applies to PCMAX_L and PCMAX_H separately.

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 the change>-----------------------------

3. Conclusions 

In this contribution, we discussed how to PCMAX for Dual connectivity and propose as the following.

Observation 1: Based on the RAN1 agreement, the power-control mechanism for Dual connectivity is identical to that of UL inter-band CA except for the transmission timing difference between neighboring subframes from UE perspective.
Observation 2: PCMAX for unsynchronized Dual connectivity can be defined by modifying the current PCMAX for UL inter-band CA.
Observation 3: The PCMAX for unsynchronized Dual connectivity proposed in the clause 2.1 can be also applied to synchronized case.
Proposal: PCMAX for both synchronized and asynchronous Dual connectivity is defined as proposed in Section 3.
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