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1. Introduction

In [1] some companies have raised that the current agreed component carrier (CC) specific PHR reporting mechanism might not provide sufficient information on the total UE power status to eNB. Therefore it has been discussed to report in addition to the per CC PHR some additional information related to the available UE power headroom, e.g. per UE PHR. RAN2 would also like RAN4 to clarify the concerns on the current agreed CC specific PHR for CA, e.g. whether MPR used for calculating the per-CC PHR of uplink transmission of a certain CC takes into consideration of uplink transmissions on other CCs. 
There are already some discussions about this issue in RAN4 last meeting from different aspects. Here we give our further consideration on this issue. 

2. Discussion

2.1 MPR related issues
MPR depends on the linearity characteristics of the PA as well as the number of allocated RBs and their location. For the continuous carrier aggregation with one PA, the MPR value also depends on the distance between the allocated RBs on different CCs. 
Here we take intra-band contiguous CA with two CCs and one PA as an example. If the RBs of the two CCs located together near the centre of the whole band, the inter-modulation products will locate in the centre band. Thus the location of the RBs influence not so much to the value of MPR. If the RB allocation of the two CCs is far away from each other and one or more RBs located near the sides of the whole band, the inter-modulation products will leakage to out of the band and the value of MPR will relatively higher. Because of the existence of inter-modulation products, the MPR of uplink transmission of a certain CC must takes into consideration of uplink transmissions on other CCs.
On the case of multiple CC with more than one PA, each PA corresponds to a value of MPR. All of the PA related CCs should be considered together when the MPR of one CC is considered.
Proposal1: MPR of uplink transmission of a certain CC should takes into consideration of uplink transmissions on other CCs related to the same PA.
2.2 About PHR
The power headroom (PH), expressed in dB, is defined as the difference between the configured maximum UE output power (PCMAX), and the estimated power for PUSCH transmission, in which P is defined as 

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 TS36.101 Table 6.2.2-1 without taking into account the tolerance specified in TS36.101 Table 6.2.2-1

Calculating the PHR should consider the value of MPR. There are two ways for the eNB to get the value of MPR to calculate PHR. In R8 the MPR has not been directly reported, because the value of MPR is relatively small (with the value of 1-2dB in under all of the modulation schemes). When the PHR is reported, the BS can either assume that the UE has a certain value of MPR round 1-2dB, or conclude the value of MPR from the modulation scheme and the RB allocations, and then make the corresponding signalling to UE with this estimated PHR.
Now in R10, it is already approved to report per CC PHR. But the information is not enough due to the more complicated scenarios in CA. As introduced in [5] and previous discussions in RAN4, the MPR is much complicated in R10 according to the different scenarios of CA, and different allocations of RB. So it is not so easy for the eNB to estimate or conclude the MPR from other information. So it is a simple way for UE to report the MPR directly with PHR. If the MPR is already precisely reported, it is not so important to report per UE PHR.
If we decide to report per UE PHR, the value of MPR is different under the case of more than two PAs. We should still note the difference of MPR corresponding to the different PAs. In other words, if the eNB has known the precise value of MPR for different CC configuration, it is not necessary to report per UE PHR; If per CC PHR has not considered the value of MPR at UE side, then report in addition per UE PHR is necessary. Furthermore, different values of MPR are needed for the different PAs.
Proposal2: Different values of MPR are needed for the different PAs. It is better for UE to report precise per CC PHR and MPR of each PA. Then it is not necessary to report per UE PHR.

3. Proposal
The PHR related issues are discussed in this contribution. The proposals are listed as follows: 

Proposal1: MPR of uplink transmission of a certain CC should takes into consideration of uplink transmissions on other CCs related to the same PA. 

Proposal2: Different values of MPR are needed for the different PAs. It is better for UE to report precise per CC PHR and MPR of each PA. Then it is not necessary to report per UE PHR.
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