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1 Introduction
RAN1 has reached the following agreements regarding the additional reporting needed for PHR: 

· PCMAX,c is reported together with all per-CC PHRs.

· PCMAX,c is the value used for the calculation for the reported per-CC PHR.

· PHR is calculated based on the power before power scaling (similar to single-CC operation of Rel8/9)

· PCMAX,c of current assignment is reported in MAC CE

· RAN2 can consider overhead reduction methods for the following cases:

· if PCMAX,c is the same for multiple CCs

· if PCMAX,c is the same for simultaneously-transmitted type 1 and type 2 PHRs
The purpose of this document is to discuss the definition of PCMAX,c and configured output power for carrier aggregation. For simplicity we focus on the intra-band case only.  Thoughts on the inter-band case are included in the appendix.
2 Use of PCMAX,c in Power Control

PCMAX,c, which is currently undefined, is used in the power control procedure as well as the power headroom calculation.
In 36.213 [1] section 5.1.1.1, PUSCH power for each CC is computed as follows:

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell 
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 for PUSCH transmission in subframe i for the serving cell 
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is given by
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If the UE transmits PUSCH simultaneous with PUCCH for the serving cell 
[image: image5.wmf]c

, then the UE transmit power 
[image: image6.wmf])

(

,

PUSCH

i

P

c

  for the PUSCH transmission in subframe i for the serving cell 
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 is given by
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where,

· 
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is the configured UE transmit power defined in [6] in subframe i for serving cell 
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defined in section 5.1.2.1
Note that reference [6] which is referred to here by 36.213 is 36.101[4].
From the above equations (eq1 and eq2), it can be observed that the PUSCH power on each CC is limited by PCMAX,c and in the case of simultaneous PUSCH and PUCCH on a cell (Pcell only),  the PUSCH power is further limited by the PUCCH power.
In 36.213 [1] section 5.1.2.1, PUCCH power is computed as follows and it can be observed that Pcmax,c  limits the PUCCH power:

If serving cell 
[image: image15.wmf]c

is the primary cell, the setting of the UE Transmit power
[image: image16.wmf]PUCCH
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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Further, in 36.213 [1] section 5.1.1.1, after each of the individual CC PUSCH and PUCCH powers is computed, and limited if needed, the channel powers are scaled according to priority rules to ensure the power defined by the Power class is not exceeded. 

If the total transmit power of the UE would exceed 
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 in subframe i such that the condition
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is satisfied where 
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.  In case there is no PUCCH transmission in subframe i 
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If the UE has PUSCH transmission with UCI on cell j and PUSCH without UCI in the remaining cells, and the total transmit power of the UE would exceed 
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 (eq5)
is satisfied where 
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 is the PUSCH transmit power for the cell with UCI and
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 without UCI. 

It is observed from these definitions and equations, that PCMAX,c is used to limit the individual CC powers and then scaling is done to ensure that the maximum allowed power for the UE, currently defined as PPowerClass, is not exceeded.  The scaling takes into account the priority of the channels being transmitted on the CCs.
3 Maximum Output Power for the UE as a Whole
It is observed that the output power of a UE supporting carrier aggregation is the sum of the output powers of the individual carriers.  It is further observed that this sum may not exceed PPowerClass. 

In [2], it was noted/proposed that “for intra-band aggregation, MPR and A-MPR is generally devised to make sure that unwanted emissions (e.g. ACLR, spurious) are limited outside all component carrier, hence
· MPR and A-MPR should [be] devised for the total output power 

 hence power back-off  [is] the same for all component carriers within an operating band”.

As a result it was proposed that low and high limits be set for the maximum output power for the UE as follows where PEMAX,c  is the RRC signalled power limit in the P-Max IE for each CC (pEMAX,c is the value expressed in linear notation):
PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

PCMAX_H  = MIN{ 10 log10 ∑ pEMAX,c , PPowerClass}

where notations in small letters are in linear scale. 

We agree that these should be the limits for the maximum UE output power; however, we propose that there be an overall configured UE maximum output power, PCMAX, defined such that:
PCMAX_L ≤  PCMAX  ≤  PCMAX_H 
instead of setting these limits on the on the sum of the CC maximum output powers, 10 log10 ∑ pCMAX,c  as proposed in [2].

Our reasoning for this is based on the assumption, that each CC could nominally be configured with Pemax,c =Ppowerclass, and thus each Pcmax,c would be Ppowerclass reduced by some MPR. Although the sum of multiple CCs would not be expected to operate at such levels (proper scheduling should avoid it and the power control scaling would prevent it), this would allow all combinations of activated CCs to exploit the full output power of the UE when fewer CCs are activated than configured without the need for reconfiguration.  
We further propose (as was previously proposed in [3]), PCMAX be used in the power scaling rules and equations in 36.213 to include the MPR and other allowed reductions to the maximum power when determining whether to scale and how to scale channel powers. The power scaling rules and Eq4 and Eq 5 become:
If the total transmit power of the UE would exceed 
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 in subframe i such that the condition:
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is satisfied ... 
If the UE has PUSCH transmission with UCI on cell j and PUSCH without UCI in the remaining cells, and the total transmit power of the UE would exceed 
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is satisfied ...
It is noted that just as RAN 1 determined PCMAX,c can vary from one subframe to the next, PCMAX would likely also vary from subframe to subframe and should be  
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in the equations.
Proposal 1: Define a UE total configured maximum output power, PCMAX where:

 PCMAX_L ≤  PCMAX  ≤  PCMAX_H 
PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

PCMAX_H  = MIN{ 10 log10 ∑ pEMAX,c , PPowerClass}

Proposal 2: Recommend to RAN 1 to modify the power scaling rules and equations to use PCMAX instead of PPowerClass to account for MPR and other power reduction effects and to consider if PCMAX will vary from one subframe to the next.
4 Maximum Output Power for Each CC, PCMAX,c
As currently defined in [1], each CC has a configured maximum output power, PCMAX,c  which is used to limit the CC power.
Assuming for intra-band carrier aggregation, MPR, A-MPR, and P-MPR will be defined for the UE, and not separately for each CC, the allowed backoff for the UE, may be applied to each CC.

That is, given that the allowed power backoff for the UE is PBackoff dB, the allowed backoff for each CC can also be PBackoff dB (e.g., if total power can be backed off by 3dB, each CC can be backed off by 3dB to achieve that).  Setting the allowed power backoff for each CC in another manner would require channel prioritization which is unnecessary since it is already accounted for in the power scaling procedure.
We, therefore, propose to define the limits on PCMAX,c  as follows:
PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c 
where

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

PCMAX_H ,c = MIN{ PEMAX,c , PPowerClass}

 PEMAX,c is the signaled value (per CC) in the P-Max IE.
Proposal 3: Define the limits on PCMAX,c  as follows:

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

PCMAX_H ,c = MIN{ PEMAX,c , PPowerClass}

 PEMAX,c is the signaled value (per CC) in the P-Max IE.
5 Measured Maximum Output Power for the UE

It was proposed in [2] that the measured maximum output power would be defined as follows:
The measured maximum output power ∑ pUMAX,c [sum of power per CC] shall be within the following bounds:
PCMAX_L  –  T(PCMAX_L)  ≤ 10 log10 ∑ pUMAX,c ≤  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


The table above may need modification for CA (copied from Rel-9).
This definition assumes from earlier:

PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

PCMAX_H  = MIN{ 10 log10 ∑ pEMAX,c , PPowerClass}

We agree with the definition in principle that there will be a maximum output power for the UE and it will be based on the sum of the component carrier powers when driven until the UE reaches its maximum, but we believe that this should be represented by PUMAX as it is now which is the one measured maximum output power of the UE.  That output power when there is more than one active UL CC is the maximum sum of the output powers of the CCs, which could be represented by  (10 log10 (∑ pU,c)MAX), not the sum of the maximum CC output powers,  This results from the fact that when there are multiple CCs, each CC by itself can be driven to a maximum as in R8/R9, but once there are 2 or more active UL CCs, the combination will reach the maximum before any one CC reaches its maximum. How and when the maximum is reached is dependent on how the CC powers are increased (e.g., one driven before the other, both simultaneous, etc.).
Suggested wording is: 

The measured maximum output power of the UE, PUMAX , in the case of carrier aggregation, shall be within the following bounds:

PCMAX_L  –  T(PCMAX_L)  ≤ PUMAX ≤  PCMAX_H  +  T(PCMAX_H) 
Proposal 4: Define the measured maximum output power of the UE as follows:

The measured maximum output power of the UE, PUMAX , in the case of carrier aggregation, shall be within the following bounds:

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

PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

PCMAX_H  = MIN{ 10 log10 ∑ pEMAX,c , PPowerClass}

6 In the specification (36.101)
This is how the proposal above would look like in the 36.101 specification. 
We assume that MPR, A-MPR, and  TC  are not specified per component carrier for intra-band carrier aggregation.
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 – 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

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 per CC, PCMAX,c. The configured maximum output power PCMAX,c  is set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c 
where

· PCMAX_L,c = MIN{PEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }
· PCMAX_H ,c = MIN{ PEMAX,c , PPowerClass}
where
· PEMAX,c is the value given to IE P-Max, for component carrier c
-
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] are specified in Section 6.2.3A [and Section 6.2.4A], respectively
-
P-MPR accounts for power management
-
TC = 1.5 dB when Note 2 in Table 6.2.2A-1 applies

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

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

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

where:
PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

PCMAX_H  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}

where

-
 pEMAX,c is the value PEMAX,c  from above expressed in linear scale
-
PPowerClass, MPR [and A-MPR], P-MPR, and TC are as defined above.

The measured maximum output power of the UE, PUMAX , in the case of carrier aggregation, 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 not included].
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------------------------------------------------------------------------------------------------------------------------------------------------------Appendix – Inter-band discussion
For inter-band, MPR, A-MPR, and TC may be different for each band.  P-MPR may be the same or different per band, for example, power reduction allowed for SAR may be the same for each band, but the power reduction allowed for  simultaneous 1X-EVDO may be different for each band.
In this case, we propose to define MPR, A-MPR, and TC as functions of the band (in addition to the other parameters they are a function of).  For P-MPR, it may be simplest to define P-MPR as the maximum allowed power reduction for the UE which if applied equally to the bands would become the maximum allowed reduction per band and per CC.  P-MPR could also be defined per band or there could be a P-MPR component for the UE and a P-MPR per band, but this may add unnecessary complexity.

We propose that the power of each band is limited by the power class and the reduction factors for that band.  The UE may then determine the allowed maximum output power per band, PCMAX,b, from:
PCMAX_L,b ≤  PCMAX,b  ≤  PCMAX_H,b 

where:

PCMAX_L,b  = MIN{10 log10 ∑ pEMAX,c  - TCb, PPowerClass – MAX(MPRb + A-MPRb, P-MPR) - TC,b }

PCMAX_H,b  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}

where the pEMAX,c  values are for the CCs in that band and a subscript of b indicates a value for band b.
(If band-specific P-MPR is defined, P-MPR would be replaced by P-MPRb.)
For each CC, we still have:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c 
where

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

PCMAX_H ,c = MIN{ PEMAX,c , PPowerClass}

 PEMAX,c is the signaled value (per CC) in the P-Max IE.

where MPRc, A-MPRc, P-MPRc, TCc are equal to the values for the band the CC is in. 
We would then have an overall UE configured maximum output power, PCMAX, which is for further study.
It is noted, that the decision point for power scaling and the rules for power scaling in 36.213 would need to be modified to account for the band specific maximum power, PCMAX,b in addition to the overall UE maximum power PCMAX.  This is also for further study.
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