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1   Introduction
In the last RAN4 meeting, some documents had discussed the issue of MPR and PHR [1][2][3]. A LS [4] from RAN2 indicate the current agreed CC PHR reporting mechanism might not provide sufficient information on the total UE power status to eNB, and some possible additional information related to the available UE power headroom were also proposed, e.g. per UE PHR. The LS also asks RAN4 to clarify current concerns of per CC PHR, for example how MPR, used in PHR calculation, will be impacted by other CCs.

From these discussions and RAN2 LS, the following questions have rose:

How to define MPR?

How to define PCMAX?

What information eNB is need in addition to the per CC PHR for power scheduling? 

The document attempts to discuss these issues, and some proposals were also provided.

2
Discussion
2.1
The MPR definition

The purpose of defining MPR is to make UE meet the RF performances through transmission power reduction. The MPRs defined in specification is the maximum allowed value of UE transmission power reduction. In Rel-10, one UE may include multiple PAs, and one PA may carry multi-carrier. However, the PPowerClass defined in 36.101 is on a per-UE basis regardless UE’s structure, and MPRs defined in 36.101 should be independent of UE’s structure. 

MPRs currnetly defined in R8/9 36.101 could be used for Rel-10 UE working on one carrier. Further definition is needed for the MPRs in the case of PUCCH and PUSCH transmission at the same time for UE working on single carrier. In Rel-10 specification, the MPRs for UE working on multiple component carriers, at least two CCs, should be defined in typical combinations of RB number, RB block number, and frequency space between RB blocks for continuous CA. It may be a table of MPRs with these variables. For non-continuous frequency aggregation and inter band aggregation, how to define MPRs need further study.

From the point of RAN4 requirements view, the UE’s actual power reduction on every component carrier (APRCC) can not be larger than the MPR defined in specification, as long as the UE RF transmission performance meet the requirements. The APRCC on these carriers can be equal or unequal depended on UE implementation.

We can get two observations from above analysis:

MPRs when PUCCH and PUSCH transmitted at same time should be defined for UE single Carrier transmission.

MPRs for UE working on multi-carriers, not for every carrier, should be defined in RAN4 specification. 

2.2
The PCMAX definition
In the R8/9, the lower limit of PCMAX is defined as:

PCMAX_L = MIN {PEMAX – ∆TC,  PPowerClass – MPR – A-MPR – ∆TC}.

In Rel-10, from analysis in section 2.1, the MPR, A-MPR, PCMAX and PPowerClass defined in RAN4 specification should be for UE, and be tested on typical combinations of carriers and RB blocks. But the PEMAX defined in RAN2 specification is for one carrier. So, the configured transmitted power for a UE defined in 36.101 should be modified. We propose to modify the PCMAX as:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
PCMAX_L = MIN {10log(Σ·PEMAX) – ∆TC,  PPowerClass – MPR – A-MPR – ∆TC} and

PCMAX_H = MIN {10log(Σ·PEMAX),  PPowerClass}
Here, the unit of PEMAX is milli-watt.

RAN1 agreed two types of per CC PHR reporting [5], they are:

Type 1 power headroom report computed as: Pcmax,c minus PUSCH power

Type 2 power headroom report computed as: Pcmax,c minus PUCCH power minus PUSCH power

Since Pcmax,c has not been defined, it should also be defined by in 36.101. In our understanding, the Pcmax,c should be defined as:

Pcmax,c = MIN{PEMAX – ∆TC’,  PPowerClass – APRCC – A-APRCC –∆TC’}
Here:
PEMAX is the UE’s uplink transmission limit on a carrier frequency.


APRCC and A-APRCC are the UE’s actual power reduction on a component carrier.

∆TC’ is actual value used by UE.
The Pcmax,c definition is used for UE to calculate per CC PHR, or for eNB to estimate the UE total PHR, Pathloss, etc. RAN4 need not make requirements and test for Pcmax,c.

The proposals are:

Proposal 1: Modifying PCMAX definition for UE, and making requirements and test cases.

Proposal 2: Giving Pcmax,c definition for calculating per CC PHR . 

2.3
Information needed in addition to the per CC PHR

Document [2] has discussed that eNB can estimate a UE transmission power head room from per CC PHR but problems remains when the resource allocations changed. If UE is not report it’s actual power reduction (APRCC) or absolute transmit power, eNB can not estimate UE transmission power accurately, and can not estimate accurately UE transmission power head room when RB configuration is changed.

When RB configuration is changed, eNB can use MPR table defined in 36.101 or MPR table created by UE MPR report to estimate PHR on next RB configuration. This issue could be left to eNB implementation.  

Due to PEMAX, APRCC and A-APRCC for every carrier may not be same, the Pcmax,c of every carrier may not be same. In this case, eNB can not estimate accurately the UE transmission power head room also. The error of UE transmission power head room can be solved by UE reporting per UE PHR or reporting APRCC. Considering eNB may want to estimate pathloss and/or absolutely transmit power on per CC or other purpose, it may be better that UE reports APRCC instead of per UE PHR.

Proposal 3: UE reports APRCC instead of per UE PHR . 

3
Conclusion
This document discusses the definition of MPR, PCMAX, Pcmac,c and information needed in addition to the per CC PHR, gets two observations.

MPRs when PUCCH and PUSCH transmitted at same time should be defined for UE single carrier transmission..

MPRs for UE working on multi-carriers, not for every carrier, should be defined in RAN4 specification. 

This document presents three proposals.

Proposal 1: Modifying PCMAX definition for UE, and making requirements and test cases.

Proposal 2: Giving Pcmax,c definition for calculating per CC PHR. 

Proposal 3: UE reports APRCC instead of per UE PHR. 

It is proposed taking these proposals into account for responding to RAN2 LS.
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