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Introduction
The definition of PCMAX and PCMAX,c for carrier aggregation has been broadly discussed in RAN4 #58AH. Following the Ad hoc session dedicated to this topic and other final discussions from the meeting a way forward has been agreed.

Agreements:

· Both the maximum configured transmit power per CC and the maximum configured transmit power per UE should be defined in CA.
· P-MPR is applicable per band.
· PUMAX is defined as the measured maximum output power over all serving cells.
· PUMAX,c will not be defined for LTE CA, however it represents the measured maximum output power for serving cell c and it is used to explain the PUMAX definition in the following form:

PUMAX = 
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is the linear value of the measured maximum output power for serving cell c
· Intra-band LTE CA case equations were agreed.

The only outstanding issue was considered the inter-band insertion loss TIB,c applicability in the PCMAX_L,c equation.

As a result, the agreed TP in [1] had the inter-band PCMAX_L,c and PCMAX_L,c related equations in square brackets.
To resolve this issue an e-mail discussion has been started with the goal to finish the Pcmax, Pcmax,c technical details for inter-band case. 
Inter-band Pcmax,c lower bound equation discussion

For LTE non-contiguous CA inter-band case, the following equations were proposed in the RAN4 meeting #58AH, in Shanghai:

Option 1:

PCMAX_L,c = MIN { PEMAX,c – TC,c– TIB,c,  PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC, c– TIB,c }

Option 2:

PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c + TIB,c, P-MPR c) – TC, c }

Status:

· Option 1 is presently in the TP within square brackets.

· Option 2 has been presented as an alternative solution by NTT Docomo.

Problem statement:

The issue is how to apply the insertion loss TIB,c for the lower bound of Pcmax,c, namely PCMAX_L,c
Goal:

The goal of this discussion is to finish the Pcmax, Pcmax,c technical details for inter-band case and have a final and agreed version for the next meeting of RAN4 in Barcelona as the inter-band equations are in square brackets in the present TP.

Please enter the name of your company, what option you support and the technical argument in the following table (Please add rows if we need more):

	Company name
	Preference

(Option 1 

or 

Option 2)
	 Technical Arguments

	NTT DOCOMO

	Option 2
	TC, c and TIB,c should be handled in the different manner, since TIB,c
seems having almost flat characteristic unlike TC, c. Thus, UEs can know the output power over the whole frequency range for some bands without TC, c even if they support inter band CA, i.e., they implement a multiplexer.
< PEMAX,c – TC,c– TIB,c or PEMAX,c – TC,c > 
UEs typically might not know how much TC,c they have. 
Thus, if they set their power at PEMAX,c, then they might violate their tolerance over TC,c region. So, TC,c seems ok to introduce. 

However, TIB,c seems different. Terminals vendors can know the appropriate target value for PEMAX,c considering TIB,c, then they can adjust the target value appropriately before producing the terminals. 

< PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC, c– TIB,c or PPowerClass – MAX(MPR c + A-MPR c + TIB,c, P-MPR c) – TC, c >
P-MPR can be implemented considering TIB,c, thus if MPR c + A-MPR c + TIB,c is less than P-MPR c, terminal can set the power at appropriate value without violating emission requirements, SAR values and tolerance of PCMAX_L,c. 

	Nokia
	Option 2
	We think that we should apply dTib if we need it for UE originating reasons PPowerClass – MAX(MPR c + A-MPR c + delta_TIB,c , P-MPR c)

And we should not apply it if the power restriction comes from network originated reasons PEMAX,c – delta_TC,c, 

If UE originated relaxations are larger than network originated reasons then dTib is applied.



	Mediatek
	Option 2
	We also believe that the insertion loss term should not be applied to the network based power restriction.

	ZTE
	Option 2
	Which option is supported depends on the definition of PEMAX,c for inter-band CA.if PEMAX,c not considering TIB,c, we will support option1，otherwise option2 is preferred. PEMAX,c is given by the network layer, we prefer that PEMAX,c is already considered the  TIB,c, we should not apply the insertion loss to the network based power restriction. In addition, if PEMAX,c not considering   TIB,c, the PEMAX,c in PCMAX_H,c should also relax  TIB,c. Base on above analysis, we think option2 is better.

	Renesas Mobile Europe Ltd
	Option 2 
	TIB,c should not be applied to network originated parameters, but to UE originated ones: (PPowerClass – MAX(MPR c + A-MPR c + TIB,c, P-MPR c)

	CATT
	Option 2
	We also have slight preference of Option 2 since this avoided some possible system performance loss and this could also be implemented. This will implicitly means that the UE has to do some power compensation for the insertion loss in the case that Pemax,c becoming a limiting factor. Of course, this option may somehow increase the implantation complexity.



	Ericsson/ST-Ericsson
	Option 2
	Short answer on the reflector.


	Fujitsu

	Option 2
	Short answer by e-mail.


	ALU
	Option 2
	We agree that TC, c and TIB,c should be handled differently.  It seems more reasonable to include TIB,c  only in the power restriction from UE originated reasons.

	Qualcomm

	Option 2
	Short answer on reflector.


	Samsung

	Option 2
	Short answer on reflector.


	Huawei/HiSilicon

	Option 2
	Short answer on reflector.



E-mail discussion summary:

As can be seen from the answers collected in the above table there is a strong trend in favour of option 2 (NTT DOCOMO proposal).

Thus the following PCMAX_L,c equation is proposed to be used for inter-band LTE CA:

PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c + TIB,c, P-MPR c) – TC, c }

In addition, the equation for inter-band case with up to 1 UL serving cell per band is updated in order to reflect the agreed TIB,c applicability.

PCMAX_L_CA = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) ,

                 pPowerClass/(pmprc·tC,c ) ], PPowerClass}
Conclusion
The following TP is proposed to be approved for TR 36.807 v.1.4.0 Annex B [2].
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6.2.5
Configured transmitted Power

The UE is allowed to set its configured maximum output power PCMAX. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

-
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) – TC}
-
PCMAX_H = MIN {PEMAX,  PPowerClass}

-
PEMAX is the value given to IE P-Max, defined in [7] 

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1

-
MPR and A-MPR are specified in Section 6.2.3 and Section 6.2.4, respectively
-
P-MPR is the power management term
-
TC = 1.5 dB when Note 2 in Table 6.2.2-1 applies

-
TC = 0 dB when Note 2 in Table 6.2.2-1 does not apply

The measured maximum output power PUMAX shall be within the following bounds:

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

Where T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L and PCMAX_H separately
Table 6.2.5-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


6.2.5A
Configured transmitted Power for CA

For carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c  on serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power on serving cell c shall be set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
Where for intra-band contiguous carrier aggregation:
-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC, c }

And for inter-band non-contiguous carrier aggregation:

-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c + TIB,c, P-MPR c) – TC, c }
-
PCMAX_H,c = MIN {PEMAX,c, PPowerClass}

-
PEMAX, c is the value given by IE P-Max for serving cell c in [7].

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1. 
  -    TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5A-3. 
-    For inter-band CA, MPR c and A-MPR c apply per serving cell c and are specified in Section 6.2.3 and Section 6.2.4, respectively. For intra-band contiguous CA, MPR c = MPR and A-MPR c = A-MPR with MPR and A-MPR specified in Section 6.2.3A and Section 6.2.4A respectively. 

-  P-MPR c accounts for power management for serving cell c. For intra-band CA, there is one power management term for the UE, P-MPR, and P-MPR c = P-MPR.

-
TC,c = 1.5 dB when Note 2 in Table 6.2.2-1 applies to the serving cell c. 

-
TC,c = 0 dB when Note 2 in Table 6.2.2-1 does not apply to the serving cell c.
For inter-band carrier aggregation with one UL serving cell the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H
where 

· PCMAX_L   = PCMAX_L,c
· PCMAX_H   = PCMAX_H,c
The measured maximum output power PUMAX shall be within the following bounds:
PCMAX_L  –  T(PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H  +  T(PCMAX_H) 

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

Table 6.2.5A-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	[2.5]

	19 ≤ PCMAX < 20
	[3.5]

	18 ≤ PCMAX < 19
	[4.0]

	13 ≤ PCMAX < 18
	[5.0]

	8 ≤ PCMAX < 13
	[6.0]

	-40 ≤ PCMAX < 8
	[7.0]


For carrier aggregation with two UL serving cells, the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L_CA ≤  PCMAX  ≤  PCMAX_H_CA 

For intra-band contiguous carrier aggregation, 
PCMAX_L _CA = MIN{10 log10 ∑ pEMAX,c  - TC , PPowerClass – MAX(MPR + A-MPR, P-MPR ) – TC}
PCMAX_H_CA  = 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.
-
 MPR and A-MPR specified in Section 6.2.3A and Section 6.2.4A respectively.
-
P-MPR is the power management term for the UE. 
-
TC is the highest value TC,c among all serving cells c in the subframe over both timeslots. TC,c = 1.5 dB when Note 2 in Table 6.2.2A-1 applies to the serving cell c. TC,c = 0 dB when Note 2 in Table 6.2.2A-1 does not apply to the serving cell c. 
For inter-band carrier aggregation with up to one serving cell c per operating band: 
PCMAX_L_CA  = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) ,

                 pPowerClass/(pmprc·tC,c) ], PPowerClass}
PCMAX_H_CA  = 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 apply per serving cell c and are specified in Section 6.2.3 and Section 6.2.4, respectively. mpr c is the linear value of MPR c. a-mpr c is the linear value of A-MPR c. 
-
P-MPR c accounts for power management for serving cell c. pmprc is the linear value of P-MPR c. 
-
tC,c = 1.41 when Note 2 in Table 6.2.2-1 applies for a serving cell c
-
tC,c = 1 when Note 2 in Table 6.2.2-1 does not apply for a serving cell c

tIB,c  is the linear value of the inter-band relaxation term of the serving cell c TIB,c. tIB,cwhen no inter-band relaxation is allowed.
The measured maximum output power PUMAX over all serving cells shall be within the following range:

PCMAX_L_CA  –  T(PCMAX_L_CA)  ≤  PUMAX  ≤  PCMAX_H_CA  +  T(PCMAX_H_CA) 

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_CA and PCMAX_H_CA separately.

Table 6.2.5A-2: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   Intra-band with two active UL serving cells

(dB)
	Tolerance T(PCMAX)   Inter-band with two active UL serving cells

 (dB)

	21 ≤ PCMAX ≤ 23
	2.0
	2.0

	20 ≤ PCMAX < 21
	[2.5]
	TBD

	19 ≤ PCMAX < 20
	[3.5]
	TBD

	18 ≤ PCMAX < 19
	[4.0]
	TBD

	13 ≤ PCMAX < 18
	[5.0]
	TBD

	8 ≤ PCMAX < 13
	[6.0]
	TBD

	-40 ≤ PCMAX < 8
	[7.0]
	TBD



For the UE which supports inter band CA configuration in Table 6.2.5A-3 the ΔTIB,c is defined for applicable bands in Table 6.2.5A-3.
Table 6.2.5A-3 ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-5A
	1
	FFS

	
	5
	FFS
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