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1 Introduction
In the last RAN4 meeting #58 it has been agreed to have an e-mail discussion for PCMAX,c and PCMAX  configured output power for carrier aggregation definitions for intra-band and inter-band CA. 

The purpose of this document is to discuss the definition of PCMAX,c and PCMAX for carrier aggregation for both intra-band and inter-band cases . In addition this document addresses handling of MPR, A-MPR,  and TC for  intra-band and inter-band CA.
2 Scope and Framework

In order to address consistently the definitions, we need to first establish the framework in order to have a common understanding of the required definitions. In order to narrow down the scope we have the following proposals which are consistent with and in-part included in [5]:
Proposal 1: Both the maximum configured transmit power per CC PCMAX,c and the maximum configured transmit power per UE PCMAX, should be defined in CA.

Proposal 2: Define PUMAX,c as the measured maximum output power on component carrier c and PUMAX is defined as the measured maximum output power over all component carriers.
Proposal 3: Only the component carrier under the test is active when test the PUMAX,c.
Proposal 4: The power tolerance of PUMAX,c is same as Rel-8 for intra-band case.

Proposal 5: The power tolerance of PUMAX,c for inter-band case may need to be relaxed due to the insertion loss caused by the a diplexer or quadplexer. The insertion loss may increase with the number of band combinations supported by the UE.

Proposal 6 : The power tolerance of PUMAX, is FFS.
Proposal 7: Use per UE PCMAX in sub-frame i instead of PpowerClass in the 36.213 Rel-10 equations and send an LS to RAN1 suggesting the required changes.
In the Apendix A an LS out to RAN1 text proposal can be found. 
Proposal 8: Approve the LSout text for RAN1 from Appendix A.
A complete TP that we fully support for PCMAX and PCMAX,c definitions covering both intra-band and inter-band cases for TR 36.807 is provided in [5].
3 PCMAX,c and PCMAX definitions
3.1 Intra-band PCMAX,c and PCMAX 
For the intra-band case PCMAX,c  the CC configured maximum power should be defined (from [5]) as follows:
PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
where

-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC,c }
-
PCMAX_H,c = MIN {PEMAX,c, PPowerClass}
-
PEMAX, c is the value given by IE P-Max for component carrier c in 36.331 

-
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 of 36.101
For the intra-band case, the total configured maximum output power PCMAX should be defined as: 
PCMAX_L_CA ≤  PCMAX  ≤  PCMAX_H_CA 

·        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 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.

The relationship between the CC specific values of MPR,c, A-MPR,c, P-MPR,c, TC,c, and the UE specific values of MPR A-MPR, P-MPR, and TC is addressed later in section 4.
3.2 Inter-band PCMAX,c and PCMAX 
For the inter-band case, PCMAX,c should be defined in the same manner as for the intra-band case.  In this case, however,  MPR c and A-MPR c , P-MPR,c, and TC,c, apply per component carrier c and there is no correspondence to UE specific values. See section 4.
For the inter-band case PCMAX  definition is required and we propose (as in [5]) the following equations for upper and lower bounds:

PCMAX_L  ≤  PCMAX  ≤  PCMAX_H
Where the upper bound is:

PCMAX_H  = MIN{ 10 log10 ∑ pEMAX,c , PPowerClass}
The sum of the CCs has to be limited in the upper bound by PpowerClass.
For the lower bound inequality we believe that PCMAX per UE should not be higher than the sum of the minimum powers per CC (PCMAX_L,c)  in order to preserve the margins for power reduction for each CC.
Thus, it is proposed to have to following equation for PCMAX_L :

PCMAX_L  =  MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),pPowerClass/(mprc·a-mprc·tC,c) , pPowerClass/(pmprc·tC,c ) ], PPowerClass}
Note: lowercase indicates linear value.
We also note that we do not have the summation sign with each term inside the MIN function because for each CC, the UE uses the lowest of the 3 terms and the lowest may be different for each CC.
4 MPR, A-MPR, TC   and P-MPR for intra-band and inter-band cases
4.1 Intra-band case

For the intra-band CA case, MPR may be defined for the UE and then each CC specific MPRc may be set equal to MPR.  

For example, with two CCs in the same band and with MPR = 1dB for the UE, the UE would be able to relax the PCMAX,c for each CC by 1dB and then if both CCs were to near that maximum such that the sum would exceed PCMAX,  then the UE would be allowed to scale back to not exceed PCMAX which would include the allowance to reduce the UE maximum power  by 1dB overall.

Proposal 9: For intra-band case MPRc = MPR.

The A-MPR case is different since it depends on band, RB allocation region and if frequency hopping is enabled. A-MPRc needs to be defined per CC and then A-MPR for the UE is determined from the A-MPRc values.
Proposal 10: 
· For intra-band CA, if the A-MPRc for any of the CCs is different, then the largest A-MPRc value (for the CCs transmitting in the subframe) may be used for the A-MPR value.

· For Intra-band CA, if frequency hopping is enabled and the RBs are changing from one slot to another and the A-MPRc per slot changes possibly for any CC, then the largest A-MPRc value over the sub-frame may be used for the A-MPR value.

· For intra-band CA, if the A-MPR c values are equal for the aggregated CCs then A-MPR may be set equal to A-MPRc 

TC,c for a CC is based on where the CC is located in the band. TC,c needs to be defined per CC and then TC, for the UE is determined from the TC,c values.

Proposal 11: 
· For the intra-band case, when all of the CC specific TC,c are the same, TC for the UE may be set equal to TC,c.  
· For the intra-band case, when any of the CC specific TC,c are different, or when frequency hopping is enabled, the TC may be set equal to the largest TC,c  over both slots of a sub-frame.

P-MPR in the intra-band case is applicable to the entire aggregated bandwidth.

Proposal 12: For the intra-band case P-MPRc  = P-MPR
4.2 Inter-Band case

For inter-band case MPR, A-MPR and TC are applicable per CC and should be considered separately with an additive effect. 
Also, if the inter-band intermodulation problem arises, then we should consider different P-MPR per CC. 
Proposal 13: For the inter-band CA case P-MPR c, MPR c,    A-MPR c , TC,c  are all applicable (and defined) per CC and have an additive effect.
5 Use of PCMAX in the Power Scaling in 36.213
In the offline email discussion since RAN4 meeting #58, it was shown that PCMAX needs to be defined and the sum of the CC powers exceeding PCMAX , instead of Ppowerclass, needs to be the driver for scaling the individual channel powers according to the priority rules.  This enables the UE to scale back taking advantage of total UE allowances for power reduction when the sum of the CC powers after per CC reduction is below Ppowerclass, but above PCMAX.  We believe this was agreed by all participating in the discussion. 
We also propose to modify the scaling equations such that the UE scales the channel powers to not exceed PCMAX , instead of Ppowerclass..  We exaplain here why.  Note, there are four scaling equations, we use one for example.
Current text specified in 36.213 V10.1.0, section 5.1.1.1 [1] is as follows:
If the total transmit power of the UE would exceed 
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 (equation 1)
is satisfied where 
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As we believe is agreed, the trigger to scale would be replaced by: 
If the total transmit power of the UE would exceed 
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 in subframe i such that the condition ...

Since the UE is allowed to scale if its total power would exceed 
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, we believe the scaling formula should be modified to reflect that the maximum power is now 
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 (equation 2).
It has been suggested that this is unnecessary since the inequality only requires the left side to be less than or equal to the right side; since 
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, the specification text can be left using equation 1 even though the UE would actually be scaling based on equation 2.  We believe that this would be confusing  and the specification text should be corrected to use equation 2.
Proposal 14: For both inter-band cases with 1 UL CC and 2 UL CC the PCMAX  is required and it should be used in as the driver for power scaling in for 36.213 section 5.1.1.1.
Proposal 15: For both inter-band cases with 1 UL CC and 2 UL CC the PCMAX  is required and it should be used in the scaling equations for 36.213 section 5.1.1.1.
A proposed LS to RAN 1 to modify 36.213 accordingly is provided in the Appendix. 
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6 Appendix A – Proposed LS reply text:

=================================================================================

1   Overall Description
During RAN4 meeting #58AH, RAN4 concluded that the definition of total configured maximum output power, PCMAX , is required for both intra-band and inter-band carrier aggregation in addiition to the per CC configured maximum output power, PCMAX,c.   It was further concluded that based on the way the power reduction such as MPR will be specified, it may be possible that  the power scaling inequalities specified in 36.213 V10.1.0, section 5.1.1.1 may not be triggered correctly  and the UE may not be able to comply with ACLR/SEM requirements using the present
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 limit.  It was further concluded that limit to which the UE may scale is PCMAX and indicating that in the specification may avoid confusion.
Thus it is suggested to make the following changes in 36.213 ver. a.10, section 5.1.1.1 :

1. Change the power scaling triggers from 
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, as follows: 

If the total transmit power of the UE would exceed 
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 in subframe i such that the condition ...
If the UE has PUSCH transmission with UCI on serving cell j and PUSCH without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed 
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If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed 
[image: image33.wmf]PowerClass

ˆ

P


[image: image34.wmf]CMAX

ˆ

P

, the UE obtains 
[image: image35.wmf])

(

ˆ

,

PUSCH

i

P

c

according to ...

If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed 
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2. Change the 
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2   Actions:

To TSG RAN1: 
RAN4 kindly requests RAN1 to take the above RAN4 suggestion into consideration in its further work.
3   Date of Next RAN WG4 Meetings:

RAN WG4 Meeting #59
9 – 13 May, 2011, Barcelona, Spain
RAN WG4 Meeting #59AH 27June – 1 July, 2011, Bucharest, Romania

==================================================================================

_1352028232.unknown

_1363522268.unknown

_1363522431.unknown

_1363523675.unknown

_1363524203.unknown

_1363522576.unknown

_1363522335.unknown

_1363509053.unknown

_1363509141.unknown

_1363509145.unknown

_1363509168.unknown

_1363509067.unknown

_1361170422.unknown

_1363437563.unknown

_1353163847.unknown

_1345544984.unknown

_1350219131.unknown

_1352028224.unknown

_1345545074.unknown

_1345544952.unknown

_1344038055.unknown

_1344038080.unknown

_1343011615.unknown

_1344034264.unknown

_1341851100.unknown

