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1   Introduction
In last RAN4 meeting, the definition of UE configured transmitted power was discussed in [1][2]. However, no conclusions have been reached. This document will further discuss this issue.
PCMAX,c is already being used in the definitions of the uplink power control part of physical specification [3] (section 5.1), in which the setting of UE transmit power for PUCCH/PUSCH/SRS transmission and the scalling of power and PHR calculation are defined. However, PCMAX,c have not been defined in 36.101 yet. RAN4 should define the definition of PCMAX,c. This document will give some proposals for this issue.
2
Discussion
2.1
Configured transmitted Power
In the current specification 36.101, the requirement for configured transmitted power is as following:

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 – MPR – A-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

……
This requirement for configured transmitted power, Pcmax, is not applicable in CA. Since the total power of UE, PPowerClass, should be shared among multi-carriers. PEMAX is the limit of uplink transmit power for a CC in CA rather than for a UE. Above requirement may limits UE total transmit power smaller than PEMAX.

In last meeting, [1] gives a proposal for requirement of configured transmitted power as following:

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

· PCMAX_L = MIN { 10log(PEMAX,CC1+ PEMAX,CC2) – TC,  PPowerClass – MPR – A-MPR – TC}

· PCMAX_H = MIN {10log(PEMAX,CC1+ PEMAX,CC2),  PPowerClass}

Note: PEMAX,CCx is the absolute power value(mw) given to IE P-Max in component carrier x.
However, later a problem is found in this definition. Since this requirement is applied for UE total uplink transmit power in CA case rather for a CC UE transmitted power on a CC could not be limited within PEMAX of this CC which is required by RAN2. 
From physical specification [1], when total configured transmit power does not excess PPowerClass, transmit power on a CC can step up to PEMAX. When total configured transmit power excess PPowerClass, UE will first assure PUCCH transmit power, or PUSCH carrying UCI transmit power. Then other PUSCH transmit power is scaled, and may not step up to PEMAX. So, current requirement could be applied only for a CC carrying PUCCH or PUSCH carrying UCI. The transmit power requirement on other carriers are based on spare power after setting transmit power for PUCCH or PUSCH carrying UCI.

Based on above considerations, we have following proposals and give text proposal as in section 5 Annex:

Proposal 1: Modifying current requirement for applying CC carrying PUCCH or PUSCH carrying UCI.
Proposal 2: Adding requirement for CC dose not carrying PUCCH or PUSCH carrying UCI as following.

For CC dose not carrying PUCCH or PUSCH carrying UCI, the UE is allowed to set its configured maximum output power PCMAX.x. The configured maximum output power PCMAX.x is set within the following bounds:

PCMAX_L.x ≤  PCMAX.x ≤  PCMAX_H.x
Where

-
PCMAX_L.x = MIN { PEMAX – TC,  PPowerClass – PCMAX – MPR – A-MPR – TC}

-
PCMAX_H.x = MIN {PEMAX,  PPowerClass – PCMAX }

For intra band contiguous carrier aggregation, MPRs, A-MPRs, TC can assumed same for each carrier. For inter band carrier aggregation, MPRs, A-MPRs, TC for Pcmax and Pcmax,x are for each band respectively.

In Rel-10, only two CC on uplink transmission, these requirements can applied for each carrier and for UE, i.e. the UE transmit power is PCMAX + PCMAX.x.

2.2
PCMAX,c Definition
2.2.1
General Definition

From definition of physical specification [3], PCMAX,c is the limit of transmit power on a CC(or a cell) before power scaling. Factors for limiting transmit power on a CC are PEMAX, PPowerClass, and APR. The definition of PCMAX,c may be as following:

PCMAX,c = MIN{PEMAX, PPowerClass – APR}
APR is actual power reduction on a CC due to all reasons.

This is an option for Pcmax,c definition. However, there are some shortcomings as analized in section 2.2.2.
2.2.2
Further Discussion of PCMAX,c Definition

The PCMAX,c is also used for UE to calculate PHR, and is reported to eNB with PHR together, to make eNB knowing current instance of power scheduling.

In UE configuration transmit power, two parameters are unknown for eNB, i.e. actual configuration transmit power on a CC and maximum transmit power under current configuration. eNB can get these parameters via UE reporting PCMAX,c and PHR. The actual configuration transmit power on a CC can be got by calculation of PCMAX,c – PHR. The maximum transmit power on a CC under current configuration is thought to be able to get from PCMAX,c. However, if using PCMAX,c generation definition given in section 2.2.1, some problems present.
· if PEMAX ≤ PPowerClass – APR, then PCMAX,c = PEMAX. eNB cannot know current APR. It is unhelpful for eNB to evaluate APR of next scheduled configuration.

· if PEMAX of two CC are smaller or equal to PPowerClass – APR, and PPowerClass – APR < PEMAX1 + PEMAX2 < PPowerClass, eNB only know that PCMAX,c of two carrier is equal to PEMAX, or PEMAX < PPowerClass – APR,  but cannot have APRs information. eNB may be scheduling uplink transmit power as PEMAX for each carrier, and the total configuration power will be greater than actual maximum transmit power. For example, PPowerClass = 23dBm，PEMAX1 = PEMAX2 = 18dBm，APR = 5dB, eNB schedule uplink transmit power of CC as 18dBm (PEMAX), will configure UE total transmit power as 21dBm, it is greater than PPowerClass – APR = 18dBm.
Considering above analysis, this document presents following proposals for discussion:
Proposal 3: PCMAX,c is defined as: PCMAX,c = PPowerClass – APR.

This PCMAX,c definition can guarantee eNB get actual power reduction (APR) on each carrier from reported PCMAX,c. Using PPowerClass, APR, PEMAX, and actual transmit power on each CC (PCMAX,c – PHR), the eNB can analyses synthetically, get detailed UE power using condition, and better configure next uplink transmit power.

If this definition is adopted, one issue need to be noted that: PCMAX,c will not be power limit on a CC, but will be one of the UE power limits on the CC. A LS to RAN1 is needed to modify definition of configuration transmit power for each channel, due to the new PCMAX,c definition will exclude PEMAX. For example, the PUSCH configuration transmit power
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should be modified as
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2.2.3
APR value

We think that how UE to get APR value need to be specified to get consistent understanding for eNB and UE. APR values may be set by some schemes as following:

1. Under current configuration, the APR is the actual power reduction of each CC when UE total transmit power step up to UE maximum transmit power with power ratio between CCs PEMAX.

2. Under current configuration, the APR is the actual power reduction of each CC when UE total transmit power step up with power ratio of current each CC power configuration. When one CC power is reached PEMAX limit, Other carrier(s) power step up continuously until all carriers reached its PEMAX, or UE total transmit power reached maximum transmit power.

3. Under current configuration, the APR is the actual power reduction of each CC when UE total transmit power step up with power ratio of current each CC power configuration, until one CC reached its PEMAX, or UE total transmit power reached maximum transmit power.

4. Under current configuration, the APR is the actual power reduction of each CC when UE total transmit power step up with power ratio of current each CC power configuration, until UE total transmit power is reached maximum transmit power, doesn’t considering PEMAX limit.

5. Under current configuration, the APR is the actual power reduction of a CC when this CC transmit power step up to UE maximum transmit power, and assuming other CCs transmit power is not changed.

6. Under current configuration, the APR is the actual power reduction of a CC when this CC transmit power step up to UE maximum transmit power, i.e. PPowerClass – APR, and assuming other CCs do not transmit.

We prefer to fourth scheme due to this scheme power configuration is not changed.

Proposal 4: the APR is assumed to get as fourth scheme.

There are two type of PHR defined in physical specification, i.e. type1 PHR and type2 PHR. We think that calculating different type PHR should use different APR. i.e.:

If only PUCCH transmission in current configuration, then

Type1 PHR is calculated using virtual PUSCH configuration, and assuming no PUCCH transmission;


Type2 PHR is calculated using current PUCCH configuration, and virtual PUSCH configuration;

If only PUSCH transmission in current configuration, then


Type1 PHR is calculated using current PUSCH configuration;


Type2 PHR is calculated using virtual PUCCH configuration, and current PUSCH configuration;

If PUCCH and PUSCH simultaneous transmission in current configuration, then


Type1 PHR is calculated using current PUSCH configuration, and assuming no PUCCH transmission;


Type2 PHR is calculated using current uplink configuration;

Using different configuration APR for calculating different type PHR have benefits for eNB scheduling uplink power in next uplink transmission that may be only PUCCH, only PUSCH, or PUCCH + PUSCH transmission. 
Proposal 5: Using different configuration APR for calculating different type PHR.
In addition, the Pcmax,c report have been defined with each type PHR report in RAN2 specification.
3
Conclusion
This document discussed the requirements for configured maximum transmitted power in CA scenario, and the definition of configured maximum output power on a CC, PCMAX,c, We presented following proposals and text proposals in annex.
Proposal 1: Modifying current requirement for applying CC carrying PUCCH or PUSCH carrying UCI.

Proposal 2: Adding requirement for CC dose not carrying PUCCH or PUSCH carrying UCI.

Proposal 3: PCMAX,c is defined as: PCMAX,c = PPowerClass – APR.

Proposal 4: The APR is assumed to get as fourth scheme in section 2.2.3.

Proposal 5: Using different configuration APR for calculating different type PHR.
4
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Annex, Text proposal for Configured transmitted Power
6.2.5
Configured transmitted Power

The UE is allowed to set its configured maximum output power PCMAX for CC carrying PUCCH or PUSCH carrying UCI. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

-
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MPR – A-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

-
MRP and A-MPR are specified in Section 6.2.3 and Section 6.2.4, respectively

-
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

For CC dose not carrying PUCCH or PUSCH carrying UCI, the UE is allowed to set its configured maximum output power PCMAX.x. The configured maximum output power PCMAX.x is set within the following bounds:

PCMAX_L.x ≤  PCMAX.x ≤  PCMAX_H.x 

Where

-
PCMAX_L.x = MIN { PEMAX – TC,  PPowerClass –PCMAX – MPR – A-MPR – TC}

-
PCMAX_H.x = MIN {PEMAX,  PPowerClass –PCMAX}

For intra band contiguous carrier aggregation, MPRs, A-MPRs, TC can assumed same for each CC. For inter band carrier aggregation, MPRs, A-MPRs, TC for Pcmax and Pcmax,x are for each band respectively. For intra band non contiguous carrier aggregation, how to set MPRs, A-MPRs, TC for each CC is TBD.
The PCMAX,c is used for calculating per CC PHR, and reporting by UE physical layer. It is defined as following:

PCMAX,c = PPowerClass – APR
Where

-
APR is UE actual power reduction on a CC due to all reasons except PEMAX, with current configuration.
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
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